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FCC ID:

Applicant: Itronix Corporation

LEquipment: Ruggedized Wireless Laptop

Model: X-C 6250

Standard: I'CC 96-326, Guidelines [or Evaluating the Environmental Effects of Radio-

Frequency Radiation

ENGINEERING SUMMARY

This report contains the results of the engineering evaluation performed on an Itronix
Corporation Model X-C 6250 Ruggedized Wireless I.aptop. The measurements were carried
oul in accordance with 'CC 96-326. The deskiop unit was cvaluated for its maximum power
level of 33 dBm (2 W).

The X-C 6250 was tested at high, middle and low frequencies, with the maximum SAR
coinciding with the peak performance RIE output power on channel 720 (middle, 899 MHz).
Test data and graphs are presented in this report.

This unit as tested, and as it will be marketed and used (with a warning in the manual to keep
bystanders at least 5¢m., or 2", from the antenna), is found to be compliant with the FCC 96-326
requirement, for an uncontrolled RF exposure cnvironment.
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1.0 INTRODUCTION

Tests were conducted to determine the Specific Absorption Rate (SAR) of a sample of a
Itronix Model X-C 6250 Ruggedized Wireless Laptop. Thesc tests were conducted at
APREL Laboratories’ facility located at 51 Spectrum Way, Nepean, Ontario, Canada. A
view of the SAR laboratory can be seen in Figure 1. This report describes the results
obtained.

2.0 APPLICABLE DOCUMLENTS

The following documents are applicable to the work performed:

1) FCC 96-326, Guidelines for Lvaluating the Environmental Effects of Radio-
Frequency Radiation

2) ANSVIELE €95.1-1992, IEEE Standard for Safety Levels with Respect 1o
Human I:xposure to Radio I'requency Electromagnetic Fields, 3 kHz to 300 GHz.

3) ANSVIEEE (95.3-1992, IEEE Recommended Practice for the Measurement of
Potentially Hazardous Electromagnetic Fields — RF and Microwave.

43 OFT Bulletin 65 (Edition 97-01) Supplement C (Edition 97-01), “Evaluating

Compliance with FCC Guidelines for Human L xposure to Radiofrequency
Electromagnetic Fields™.

3.0 IEQUIPMENT UNDER TEST

o Itronix Model X-C 6250 Ruggedized Wireless Laptop, /N 3746066.

The XC6 antenna is a ¥z wavelength, 2dBi antenna. It is inside a rolate-able plastic
housing, and is attached to the upper right edge of the display screen. The antenna
specifications supplicd by the manufacturer can be found in Appendix A.

. Report No.3097
Tal (613} 8202730
Fax (613) 820 4161
g-mail: info@aprel.com

Pagedol2s
§1 Spectrum Way
Nepean, Ontaric K2R 1E6




4.0 TEST EQUIPMENT

Narda 80218 miniature F-field probe, S/N 04007, Asset # 301339,

CRS Robotics A255 articulated robot arm, S/N RA2750, Asset # 301355.
CRS Robotics €500 robotic system controller, S/N RC584, Asset # 201354.
HP EPM-441A power meter, S/N GB37481303.

APREL ['-1 flat manikin, S/N 001.

Tissue Recipe and Calibration Requirments, APREI. procedure SSI/DRB-TP-DO01-
033.

5.0 TEST METHODOLOGY

1)

2)

3)

4)

5)

6)

7)

The test methodology utitized in the certification of the Ruggedized Wireless
Laptop complies with the requirements of FCC 96-326 and ANSVIVEE (C95.3-
1992, (IFEE Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields — RE and Microwave).

The 2E—ﬁcld is measured with a small isotropic probe (output voltage proportional
o EN.

The probe is moved precisely from one point to the next using the robot (lcm
increments for wide area scanning and 0.5cm  increments for the final
measurcments).

The probe travels in the homogeneous liquid simulating human tissue. Appendix C
contains information about the recipe and properties of the simulated tssue used
for these measurements.

The liquid is contained in a manikin simulating a portion of the human body.

The Ruggedized Wireless Iaptop is positioned in a normal usage position.

All tests were performed with the highest power available from the sample
Ruggedized Wireless Laptop, under transmit conditions.

More detailed descriptions of the (st method is given in Section 6 when appropriate.
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6.0

6.1

6.2

TEST RESULTS

Transmitter Characteristics

The Ironix X-C 6250 ruggedized wircless laptop has an integrated Research in Motion
OEM radio-modem (FCC 1D LOARY00M-2-0) which can operate with a variable duty
cycle. When operated at the maximum duty c¢ycle, the unit is unable to operatc repeatably
for more than 6-7 minutes. In order Lo perform SAR scans, the duty cycle was reduced (o
40%. which allowed the operating time to typically exceed the 10 to 15 minutes required
for the scans.

A battery-powered transmitter will consume energy from its batteries, which may affect its
transmission characteristics. In order to gage this cffect the output of the transmitler is
sampled before and after each SAR run (the battery is changed periodically between
measurement). In the case of the X-C 6250 wireless laptop, which does not have an
externally accessible feedpoint, a relative measurement was made with a power meter
connected 10 an antenna adjacent to a fixture o hold the transmiticr in a reproducible
position. The following table shows the results for the five sets of results used for this
report.

i Scan Channel Radiated Power Battery Status

Type

Height
{mm)

(dBm)

(%)

Before

After

Before

After

Area

2.5

5.3

67

60

Area

2.5

59

52

Area

2.5

51

45

Area

12.5

35

29

Zoom

12.5

5.3

68

61

Zoom

7.5

59

51

Zoom

2.5

ZIZiIZ|IBImiZ|e

49

41

SAR Measurements

1)
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RF exposure is expressed as a Specific Absorption Rate (SAR). SAR is calculated
from the E-field, measured in a grid of test points as shown Fig.2. SAR is
expressed as RE power per kilogram of mass, averaged in 1 cubic centimeter of

tissuc.
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2} The Itronix Model X-C 6250 was put into test mode for the SAR measurements by
application software running on a laptop computer via commands to control the
channel (H. M, 1.) and maximum operating power (nominally 33 dBm out of the
radio-modem).

Iiigure 3 shows a contour plot of the SAR measurements for the Tironix Model X-
C 6250 sample operating on the middle (M) channel. The presented values were
taken 2.5 mm into the simulated tssue from the flat phantom’s solid inner surface.
Figures 1 and 2 show the {lat phantom used in the mcasurcments, with the
Ruggedized Wireless Laplop against, or near, the simulated bystander body (the
most likely body part to be in the vicinity of the transmitting antenna).  The
separation was 5.5¢m for the data presented in Figure 3. The axis of the antenna,
and the display, is aligned with the y-axis, while the keyboard is aligned with the x-
axis. A grid is shown inside the flat phabtom indicating the orientation of the x-y
grid used, with the origin (0,0) towards the top Jeft. The origin is scan dependent.
The x-axis is positive towards the bottom and the y-axis is positive towards the
right.

3) A different presentation of the same data is shown in Figure 4. This is a surface
plot, where the measured SAR values provide the vertical dimension, which 18
useful as a visualization aid.

4) The SAR adjacent to different surfaces of the wireless laptop was investigated for a
40% duty cycle, on the middle (720) channel. The surface being investigated was
touching the bottom of the flat phantom.

Laptop Surface Highest Local SAR
(Whkg)

Keyboard 0.28

Lap (Botiom) 0.17

Right Edge with Antenna 276

Subsequent (esting was performed with the right edge of the ruggedized wireless
laptop parallel to the lower surface of the flat phantom.
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L.ocal SAR 2.5mm Above Phantom Surface

Local SAR in W/kg
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5) Wide arca scans were also performed on the Jow channel versus separation
between the antenna-housing and the lower surface of the phantom. The peak
single point SAR for the scans were:

Channel Separation Highest Local SAR
{(MH2z) (c¢m) (W/kg)
M 899 0 2.76
M 899 1.1 3.83
M 899 4.5 (.56
M 899 5.1 0.40
M 899 5.5 (.33
M 899 5.8 (.30
M 899 6.3 0.26

Considering the anticipated scaling to the inner surface of the phantom, and for the
maximum duty cycle, subsequent testing was performed with an antenna-housing
to phantom separation of 5.5cm.

ligure S shows the data plotted as a function of separation and the exponental
curves fit to all but the Ocm data (Microsoft Lxcel 97):

Peak Local SAR vs Separation

y = 6.53230 0599 S
R2 = 0.9924

Local SAR (Wrkg)
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6) Wide area scans were also performed for the low (480) and high (88() channels,
with an antenna-housing separation of 5.5 mm from the lower surface of the
phantom. The peak single point SAR for these scans were:

Channel Highest Local SAR (W/kg)
(MHz)
Low (480) 896 0.33
Middle (720) 899 0.35
High (880) 901 (.35

Subsequent testing was performed with the ruggedized wireless laptop operating
on its middle channel.

7) Area scan data was then obtained at 12.5 mm into the simulated brain tissue on the
middle channel. These measurements are presented as a contour plot in Figure 6
and surface plot in Fgure 7.

Iigure 8 shows an overlay of the anicnna-housing’s outline, superimposed onto the
composite contour plot. Three segments were required 1o cover the whole edge of
the laptop since RF tranmission would typically shut down after 10-15 minutes.
The separation between the wireless laptop’s antenna and the bottom of the flat
phantom was 5.5 cm. and the duty cycle was 40%. The first segment is similar (0
that shown previously as Figure 3.

Figures 3, 4, 6 and 7 show that there 1s a dominant peak, in the contour plots, that
diminishes in magnitude with depth into the tissue simulation.

¥) The middle channel (720) SAR peak was then explored on a refined 0.5¢m grid in
three dimensions. Figures 9, 10 and 11 show the measurements made at 2.5, 7.5
and 12.5 mm respectively. The SAR value averaged over 1 em’ was determined
from these measurements by averaging the 27 points (3x3x3) comprising a 1 cm
cube. The maximum SAR value measured averaged over 1 cm” was determined
from these measurements to be 0.308 W/kg

&) To extrapolate the maximum SAR value averaged over 1 ¢m’ to the inner surface
of the head phantom a serics of measurements werc made at a few (xy)
coordinates within the refined grid as a function of depth, with 2.5 mm spacing.
Figure 12 shows the data gathered and the exponential curves [it 1o them
(Microsoft kixcel 97). The average exponential coefficient was determined to be (-
0.054 + 0.005) /mm.
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L.ocal SAR 12.5mm Above Phantom Surface

Local SAR in Wikg
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Local SAR {(W/kg)

x-axis (c

y-axis (em}

The distance from the probe tip (o the inner surface of the flat phantom for the
lowest point is 2.5 mm. The distance from the probe tip to the tp of the measuring
dipole within the Narda 8021B miniature RI* probe is 7 mm. The total
extrapolation distance is 9.5 mm, the sum of these two.

Applying the cxponcnual coefficient over the 9.5 mm to the maximum SAR value
average over 1 cm’ that was determined prevmus}y, we obtain the maximum
SAR value at the surface averaged over 1 em’ of 0.586 W/kg for a 40% duty

cvcle.

A 700m scan at 2.5mm separation was also performed for the maximum duty cycle
(ncarly 100%). This was performed over the same arca shown in Figure 9 (at
40%) but required the scan o be broken into 3 segments because of the short
transmission duration (typically 6-7 minutes, but frequently less).

The maximum local SAR measured for a ~100% duty cycle was 0.71 W/kg, while
the maximum local SAR for a 40% duty cycle was 0.35 W/kg. Applying ths ratio
we obtain the maximum SAR value at the surface averaged over 1 em’ of 119
W/kg for a ~100% duty ¢ycle.
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Local SAR versus Probe Depth
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7.0 ANALYSIS

The measurements of highest local SAR versus separation of the antenna housing from the
hottom of the phantom (Section 6.2.5) will cnable the peak 1g SAR for a separation of 5.5
¢m (previous section) o be extrapolated for smaller separations.

Reviewing Figure 5 (Peak Local SAR vs Separation) il is evident that the point at zero
separation does not fit the pattern of the data for the other separations. If the data for
separations other that 0 cm s fitted to an exponential equation we get:

—.5339 separation

Peak Local SAR =6.5323 ¢

A similar equation will exist for the peak 1g SAR versus separation:
~0.5339 separati
Peak 1g SAR =k ¢ separation
Using this equation with the previous section’s data:
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Peak 1g SAR =1.19 W/kg
separation = 5.5 cm

results in a k = 22.4 W/kg, which corresponds to the peak 1g SAR when the scparation is
zero. A more conservative peak 1g SAR of 1.5 W/kg would occur for a scparation of
5.3cm.

CONCLUSIONS

The Itronix Corporation Model X-C 6250 Ruggedized Wircless Laptop will not expose the
user 10 a maximum Specific Absorption Rate (SAR) exceeding the FCC 96-326 SAR
safety guideline limit of 1.6W/kg. However, a bystander in the near proximity of the
(ransmitting antenna may be exposed 1o such levels.

The maximum SAR averaged over 1g, determined at 899 MHz (middle channel - 720),
with ~100 duty cycle, and for a separation between (he antenna housing and the phantom
of 5.5 cm, was determined 10 be 1.19 W/kg. The overall margin of uncertainty for this
measurement is +20.8%. The analysis of the previous section shows that a more
conservative 1.5W/kg will not be exceeded for a separation exceeding 5.1cem.

This unit as tested, and as it will be marketed and used (with a warning in the manual to
keep bystanders at least Scm, or 27, from the antenna), is found (o be compliant with the
IF'CC 96-326 requircment.

_Report No.3097
Tal. (513) 82C 2730
Fax {613) 820 4161

g-mail: info @apre!.com

Lo




APPENDIX A

Manufacturer’s Antenna Specifications
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APPENDIX B

Uncertainty Budget

Uncertainties Contributing to the Overall Uncertainty

Type of Uncertainty Specific to Uncertainty
Power variation due to battery condition ~ Transmitter 7.2%
Extrapolation due to curve fit of SAR Transmitter 15.9%

versus depth

Extrapolation due to depth measurement  Setup 3.3%
Conductivity Setup 6.0%
Density Setup 2.6%
Tissue enhancement factor Setup 7.0%
Voltage measurement Setup 3.8%
Probe sensitivity factor Setup 3.5%
20.8% RSS

Note that the overall uncertainty is determined using the root sum squarc method (RSS).
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APPENDIX C
Simulated Tissue Material Properties

The tissue mixture used was based on that presented SS/DRB-TP-DO01-033, “Tissue
Recipe and Calibration Requirements”.

Deionized water 45.3%

Sugar 54.3%

Salt 0.0%

HEC 0.3%

Bactericide 0.1%

Mass density, p 1.30g/ml.  (The density used to determinc SAR [rom the

measurements was the recommended 1040 kg/m3‘ found in
Appendix C of Supplement C to OET Bulletin 65, Edition
97-01.)

Dielectric parameters of the tissue material were determined using a Hewlett Packard 8510
network analyzer, a Hewlett Packard 809B Slotted I.inc Carriage, and an APREL SLP-
001 Slotied Line Probe. The diclectric properties are :

Dielectric constant, & 48.5
Conductivity, © 1.16 S/m
Tissue conversion factor, ¥ 6.5
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100MHz to 1GHz Muscle Tissue Mixture Calibrated @ 960MHz
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APPENDIX D

Validation Scans

835 MHz Reference Phone with Muscle Tissue in Flat Phantom
(Local SAR Area Scan 2.5 mm Abové Surface - W/kg)
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EXHIBIT TWO

MPE REPORT
External 3dB
Cushcraft Vehicle-Top
Mag Mounting Antenna
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FCC ID:

Client : Rescarch in Motion Limited for Itronix Corporation

Equipment : Ruggedized Wircless Laptop with Vehicle Cradle with External 3dB
Cushcraft Vehicle-Top Mag-Mounting Antenna

Part No. : X-C 6250 Laptop and SN8962ZA Anlenna

Serial No. : 37466

ENGINEERING SUMMARY

This report contains the results of the maximum permissible exposurc (MPE) evaluation performed
on the cquipment under test (EUT) which was comprised of an [tronix Model X-C 6250
ruggedized wireless laptop with a Model CRDI, RIF ASSY vehicle cradle, and an external 3dB
Cusheraft Model SN8962A vehicle-rooftop mag-mounting antenna. The tests were carried out in
accordance with the applicable requirements of FCC rules found in 47CFR §2.1091 and the
standards ANSIIEEL C95.1-1992 and (C95.3-1992.

The methodology and results for the Lest are described in the appropriate section of this report.

The EUT will not exceed the MPE requirements for the 896 - Y01MHz band. The maximum
power exposure level measured at 20cm was 0.52 mW/cm”.

FCC Rule Part 47CEFR §2.1091 Ruggedized Wircless Laptop
November 16, 1998 Page 2 Project #: ITRB-X(6250 Cushcraft SN8962A-3103
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ACRONYMS

EUT Equipment Under Test

FCC Federal Communications Commission

MPL Maximum Permissible Exposure

N/A Not Applicablce

NTS Not To Scale

OATS Open Area Test Site

OEM Original Fquipment Manufacturer

QA Quality Assurance

RIM Research in Motion
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1.0

1.1

1.2

1.3

2.0

’- Taating A PR E L m

INTRODUCTION

General

This report describes the Maximum Permissible Exposure (MPE) tests an Itronix Model X-
C 6250 ruggedized wireless laptop with a Model CRDL, RF ASSY vehicle cradle, and an
external 3dB Cushcraft Model SN8962A vehicle-rooftop mag-mounting antenna, the
combination hereinafter called the EUT (Equipment Under Test).

Scope

MPE evaluation was performed on the EUT in accordance with the requirements of the
FCC rules for RF compliance found in 47CHFR §2.1091 and the standard ANSVIEEE
(95.3-1992, IEEE Recommended Practice for the Measurement of Potentially Hazardous
Electromagnetic Ficlds — RF and Microwave. This Engineering Report contains the
following:

1.2.1 Methodology as 10 how the tests were performed.
1.2.2 Test results and analysis.

1.2.3 Identification of the test equipment used for the testing.
1.2.4 Test set-up diagram.

Schedule

The MPE tests were compleied on October 16, 1998.

APPLICABLE DOCUMENTS
FCC Rule Part 47CFR §2.1091

ANSVIEEE (095.1-1992, 1EEE Standard for Safety Levels with Respect to Human
Exposure to Radio Frequency lectromagnetic Fields, 3kHz to 300GHz.

ANSVIEEE (95.3-1992, IEEL Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields — RF and Microwave.

OFT Bulletin 65 (Edition 97-01), Lvaluating Compliance with FCC Guidelines for Human

Exposure 1o Radiofrequency Electromagnetic Ficlds.

FCC Rule Part 47CFR §2.1091 RuEgedized Wircless LaEloE

November 16, 1998 Page 5 Project #: TTRB-X(6250 Cushcraft SN8962A-3103



3.0

4.0

4.1

4.2

4.3

4.4

TEST SAMPLE

The MPE tests described in this procedure was performed on:

- Twonix Model X-C 6250 Cross Country ruggedized wireless laptop (see specification
sheets in Appendix A), /N 374666, Config BBBEBAAADA-DZABA-ABP.

- Itronix Model CRDL., RF ASSY 2081 vehicle cradle, P/N 50-0057-001 /4, S/N 303242

- Cushcraft Model SN8962A 3dB vehicle-mag-mounting antenna (see specification sheets
in Appendix B).

GENERAL REQUIREMENTS

Location of Test Facilities

The tests were performed by APREL Laboratories at APREL’s test facility located in
Nepean, Ontario, Canada. The laboratory operates a 3 and 10 meter Open Area Test Site
(OATS) measurement facility. The test site is calibrated to ANSI C63.4-1992.

A description of the measurcment facility in accordance with the radiated and AC line
conducted test site criteria in ANSI C63.4-1992 is on file with the Federal Communications
Commission and is in compliance with the requirements of Section 2.948 of the
Commissions rules and regulations. APREL’s registration number is 3 1070/SIT(1300F2).

APRFL. is accredited by Standard Council of Canada, under the PALLCAN program (IS0
Guide 25). All equipment used is calibrated or verified in accordance with the intent of

AQAP-6/MIL-STD-45662. APREIL is also accredited by Industry Canada (formerly DOC)
and recognized by the Federal Communications Commission (FCO).

Personnel

Radiation Hazard technical staff member, Heike Wuenschmann, carried out all MPE tests.

Failure Criteria

The equipment under test was considered (o have failed if any of the following occurred:
When the MPE limits exceeded those pc?milled by appropriate limits defined by the

FCC.

Power Source Required

FCC Rule Part 47CHFR §2.1091 Rugsedized Wircless Faptop

November 16, 1998 Page 6 Project #: ITRB-XC6250 Cushcraft SN8962A-3103
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The following nominal DC Power was maintained during the test:

Voltage: 12 VDC.

4.5 Tolerance

The following tolerances on test conditions, exclusive ol equipment accuracy, werce
maintained:

Voltage: + 10%.

5.0 TEST INSTRUMENTATION & CALIBRATION

5.1 General
APREL Laboratories, located in Nepean, Ontario is equipped with (he necessary
instrumentation to cnsure accurate measurement of all data recorded during the tests
outlined in this document. To ensure continued accuracy, cach instrument is re-calibrated

at intervals established by APREL and based on standards traceable to the National and
International Standards. Accuracy surveillance is a function of APREL Quality Assurance.

5.2  MPE Test Equipment Required

The test equipment required to perform the MPL testing was selected from the equipment
available at APREL.

5.3  Calibration Requirements

All test equipment instrumentation required for MPE qualification testing was calibrated
and controlled.

FCC Rule Part 47CHR §2,1091 Ruggedized Wircless Laptop
November 16, 1998 Page 7 Project #: ITRB-XC6250 Cusheraft SN8962A-3103




6.0 ELECTRICAL/MECHANICAL DESCRIPTION

The MPL Test Program was performed an Ttronix ruggedized wircless laptop. containing a
RIM 2 watt OEM radio-modem transceiver, equipped with a vehicle cradle and external
Cusheraft vehicle-top mag-mounting antenna, the combination hercinafter called the EUT.
The test sample consisted of the components supplied by the customer and described below.

6.1  Test Unit Description

The Itronix ruggedized wireless laptop, containing a RIM 2 watt OEM radio-modem
transceiver, equipped with a vehicle cradle and external Cushcraft vehicle-rooftop mag-
mounted 3dB antenna, consisted of the following components:

Part Number Description

X-C 6250 398C Itronix ruggedized wireless laptop

CRDL, RF ASSY 2081 Itronix vehicle cradle

SRB01519/97431059235 RIM execution lock device for radio
tools

SNE962A Cushcraft  vechicle-rooftop ~ mag-
mounted 3dB antenna

0820-0004 6 Gates 2V 25AH BC DC cells

6.2 MPE Test Setup
a) The EUT antenna shall be installed in the centre of a ground plane simulating the
rooftop of a vehicle. The other components shall be located underncath this ground
plane (o simulate operation from inside of the vehicle (see Figures 6.2.1 and 6.2.2).

b) The vehicle simulator shall be positioned on the turntable in the OATS in such a way
that the antenna will be located on the centre of rotation.

C) The EUT shall be connccted to the 12 VDC power supply.

d) 'or the selection and placement of the measuring probe, the requirements of
ANSVIEEE C95.3-1992 shall be met.

FCC Rule Part 47CFR §2.1001 Ruggedized Wircless LaElOE
November 16, 1998 Page 8 Project #: [TRB-XC6250 Cushcraft SN8962A-3103




Figure 6.2.2. Elevation View of the Setup.

FCC Rule Part 47CFR §2.1001 Ruggedized Wireless Laptop
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7.0  MAXIMUM PERMISSIBLE EXPOSURE (MPE) TEST

7.1 Purpose

This test method is used to verify that the EUT meets the MPE requirements as defined in
the criteria for general population/uncontrolled exposurc when operating al maximum
power levels and in all operating modcs.

7.2 Test Equipment

Description Manufacturer Model No.

E-Tield Probe Narda 8021B

7.3 Criteria

Power Density Limits — The EUT shall not generate a power density beyond the limits in
the frequency band listed in the left hand column of Table 7.3.1, and the power density
given in the right hand column. The power density shall be measured 20 ¢cm from the
radiating antenna axis above the vehicle-top simulating ground plane, as well as in the
approximate location of the head of possible vchicle drivers or passengers below the ground
plane (see Iigure 7.3.1). The measured values shall be recorded.

Table 7.3.1

Power Density Limits
for General Population/Uncontrolled Fxposure

Frequency Power Density
Range (mW/em®)
300 - 1500 MHz /1500

Note: = frequency in MHz

The measurements shall be performed at one transmitting frequency, the highest of the high,
middle or low channels, with the EUT operating at the full rated output power.

FCC Rule Part 47CER §2.1091 Ruggedized Wircless Laptop
November 16, 1998 Page 10 Project #: ITRB-XC6250 Cushcraft SN8962A-3103
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Figure 7.3.1. Plan View of Vehicle Simulator and Setup.
FCC Rule Part 47CFR §2.1091 Rugscdized Wircless LaEtoE
November 16, 1998 Page 11 Project #: I'TRB-X(6250 Cushcraft SN8G62A-3103



7.4 Test Procedure

a) The probe shall be positioned closc to, and parallel to, the vehicle rooftop simulation
with its tip 20 cm from the radiating antenna, and its axis normal to the antenna.

b) Rotate the tumtable so that the probe is at the 0° position (sec Figure 7.3.1).

C) Turn on the EUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operate the transmitier at {ull
rated output power.

d) Determine the location of the maximum power density: locate the maximum
emissions by scanning vertically along the EUT’s antenna. Take and record
measurements of the power densily at a number of points along the length of the
antenna as well as just past its tip.

e) At every 45° of rotation take and record a measurement of the power density at the
maximum power density height as for at least the following locations:

«  half the maximum power density height

. height halfway between the maximum power density height and the tip of the
radiating antcnna

« justabove the tip of the antenna

D Turn off the EUT.

2) Position the probe under the vehicle rooftop simulating ground plane in the
approximate location of the centre of the head of a potential driver of the simulated
vehicle (see Figure 7.3.1).

h) Tum on the EUT and allow a sufficient time for stabilization. Turn on the
transmilter and simulate normal operation conditions. Operate the transmitter at [ull
rated output power.

i) Take and record the measurement of the power density at this location.
1 Turn off the EUT.

k) Repeat steps g) through j) for the positions of the other potential occupants of the
simulated vehicle as shown in Figure 7.3.1.

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
November 16, 1998 Page 12 Project #: I'TRB-XC6250 Cusheralt SNRO62ZA-3103




7.5 Results

Table 7.5.1 presents the results of the measurements made along the length of the antenna
in order to find the location of the maximum power density (the Cushcralt SN8962A
anlenna has a height of 35 ¢cm). Column 1 shows the height at which the measurements
were taken and column 2 shows the result (“total” indicates that this is the sum of the
power density measurcd by each of the three orthogonal sensors in the probe). The cable
loss associated with the supplied 12ft Cushcraft SN8962A antenna cable was adjusted 1o
the nominal loss for a 6 foot length. Column 3 indicates the correction for the excess cable
loss (6ft x 0.16 dB/ft) that was applied to measured power density (column 2) (o obtain the

final adjusted power density.

The data in Table 7.5.1 is presented in Figure 7.5.1.

Power Density of Cusheraft Antenna with ltronix XC6250 Compuler
16th October 1998

08 -
# otal cable loss corrected .
o8 - MPE
—=—1{otal
o7 - - —

O
k=24

Power Density [mWicin’|
© [=]
IS [

o
w
P

a2
ot
o - -
0 50
Height above the roof {cm)
Figure 7.5.1
FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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Table 7.5.1

Power Density Measured
at 0° as a Function of Height

Height Total Excess | Adjusted MPE
cable loss total Limit
{em] [mW/cm®] [dB] [mW/em] [mW/ecm®]
2 0.37 0.96 0.47 06
4 0.45 0.96 0.56 0.6
6 0.47 0.96 0.59 06
8 0.49 0.96 0.61 0.6
10 0.48 0.96 0.60 06
12 0.45 0.96 0.56 0.6
14 0.38 0.96 0.48 06
16 0.36 0.96 0.45 06
18 0.31 0.96 0.38 06
20 0.31 0.96 0.39 06
22 0.28 0.96 0.35 08
24 0.21 0.96 0.26 06
26 0.13 0.96 0.16 06
28 0.13 0.96 017 0.6
30 0.07 0.96 - 0.09 0.6
32 0.19 0.96 0.23 06
34 0.22 0.96 0.28 0.6
36 0.24 0.96 0.30 06
38 0.13 0.96 0.16 06
40 0.27 0.96 0.33 086
42 0.12 0.96 0.15 06
44 0.18 0.96 0.22 06
46 0.21 0.96 0.26 08
FCC Rule Part 47CT°R §2.1091 Ruggedized Wircless Laptop
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Table 7.5.2 presents the results of the measurements made around the antenna al every 45°
of rotation. Column 1 shows the angle at which the measurements were taken and columns
2 through 5 show the final adjusted power density (sce discussion surrounding Tabie 7.5.1)
The MPE value is determined by averaging the
adjusted total power density along a vertical line up to the height of a tall typical individual,
taken here as 6ft or 180cm. Since the height for the rooftop of the simulated vehicle is
143¢m, then the averaging is over those measurements made between 0 and 37c¢cm above the

at the different measurement heights.

simulated vehicle rooftop. Column 6 shows the results of this averaging.

Table 7.5.2

Power Density Measured
at every 45° as a Function of Height

Angular Adjusted Total Power Densi Average of
Position] H1 jcm] H2 [cm] | H3[em] | H4 [cm] | Values up | MPE Limit
4 10 20 40 to 37 cm
€l | mWiem?] | [mW/em?]| [mWiem?]| [mW/cm’} [mW/em®]| [mW/cm’]
0 0.5583 0.6038 0.3877 0.,3310 0.5166 0.6
45 0.3148 0.3853 0.2352 0.0130 0.3118 0.6
90 0.3391 0.2755 0.2439 0.1304 0.2861 0.6
135 0.5645 0.6134 0.3266 0.0052 0.5015 0.6
180 0.3081 0.4918 0.1607 0.2166 0.3202 0.6
225 0.1183 0.4140 0.1809 0.0574 0.2378 0.6
270 0.4401 0.4409 0.1970 0.0326 0.3593 0.6
315 0.4986 0.3776 0.2463 0.0004 0.3742 0.6
360 0.5583 0.6038 0.3877 0.3310 0.5166 0.6

The data in Table 7.5.2 is presented in Figure 7.5.2.

FCC Rule Part 47CFR §2.1091

Ruggedized Wircless Laptop
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Power Denslity (mW/cm*cm)

Power Density of Cushcraft SN8962A Antenna with
Itronix XC6250 Computer - 16th October 1998
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Figure 7.5.2.
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Measurements were made below the simulated vehicle rooftop, in the approximate location
of the centre of the head of potential occupants. It was assumed that this typical position
occurred 17.5cm below the roof of the simulated vehicle (the clearance between the top of
an occupant’s head and a vehicle’s roof is ~3” (7.5cm) and distance between the top of the
head and the eyes is ~4” (10cm)). Figure 7.3.1 shows the location of mcasurements for the
4 potential occupants. Table 7.5.3 presents the results of the measurements. Column 1
shows the height at which the measurements were (aken and column 2 shows the result
(“total” indicates that this is the sum of the power density measured by each of the three
orthogonal sensors in the probe). The cable loss associated with the supplied 12ft Cushcraft
SN8Y62A antenna cable was adjusted 1o the nominal loss for a 6 foot length. Column 3
indicates the correction for the excess cable loss (6ft x 0.16 dB/ft) that was applied to
measured power density (column 2) 1o obtain the final adjusted power density.

Tahle 7.5.3

Power Density Mcasured
at Position of Potential Vehicle Occupants

e T
Position Total Excess | Adjusted MPE
cable Total Limit

loss

[mWiem®] [dB] | [mWfem?’] | [mWiem?]

driver 0.00 0.96 0.00 0.6
front passenger 0.02 0.96 0.02 0.6
reaf teft 0.00 0.96 0.00 0.6
rear right 0.00 0.96 0.01 0.6
8.0 CONCLUSION
The EUT consisting of an Itronix Model X-C 6250 ruggedized wireless laptop with a
Model CRDI., RF ASSY vehicle cradle, and an external 3dB Cushcraft Model SN8962A
vehicle-rooftop mag-mounting antenna will not exceed the MPE requirements for the 896 -
901MHz band. The maximum power exposure level measured at 20cm was 0.52 mW/cm®,
FCC Rule Part 47CFR §2.1091 Ruggedized Wircless Laptop
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APPENDIX A

Transmitter Specifications
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., A High Performance Wireless Worktool
% for Field Computing

Directly impact workforce productivity and profits with the ltronix X-C 6250 - a fully ruggedized,

wireless computer designed specifically to deliver results in the most demanding field applications.

The X-C 6250 is built tough to withstand the shock of repeated drops and remain operational under
extreme temperatures, vibration, liquid, and exposure to the elements. When equipped with wireless
communications, highly mobile field workers can use the X-C 6250 to collect, communicate and
manage account information in real time while at a customer’s site. Sophisticated power management
systems deliver computing and communications capabilities all day on a single battery, ensuring
productivity. Additional features for field computing like the 6250's optional touch screen allow workers
the flexibility and ergonomics of both pen and keyboard use in the same platform.

Reach the next plateau in servicing your customers with Itronix. The leader in mission-critical mobile

computing solutions.



GHLIGHTS

00MI 1z Intel Pentium
rocessor

tegrated wireless data
ommunications

onference quality
eakerphone

oth touch screen &
syboard input
lly ruggedized,
vtally sealed
xcellent outdoor
iewable display
ariety of carrying options
d locking vehicle docks
OwEr management system
r all day battery use
| 1CGB or 3.2GB ruggedized
ard drive
'olor and monochrome
isplays up to 10.4"

FEATURES AND

SPECIFICATIONS

COMPACT SIZEfWEIGHT

w Length: 10.5" (26.7cm)

m Width: 75" or 8.1" (19.1 or
20.57cm) screen size dependent

m Depth: 3.0" [7.6cm}

m Weight: 6.3 or7.18 |bs. (3.1 or
3.25 kg) screen size dependent

PROCESSOR/MEMORY
® 200MHz Pentium® with
MMX technology
w16 to 48 MB RAM

STORAGE
= 2.1GB or 3.2GB 2.5" ruggedized
hard drive

POWER
® 3.5 Ahr high capadty NiMh battery pack
| Smart battery with accurate gas gauge
2 4 hour rapid charge

DISPLAY

B SVGA color 800 x 600 pixel
10.4" diagonal display
(touch screen optional)

= VGA monochrome 640 x 480

ixel 8.2" diagonal transflective

Eacklit display

m Shock mounted

® Long-life hinge

® Automatic temperature
compensation

INPUT DEVICES
® Keyboard - 93% standard key spacing
user replaceable
m Pointing Stick - pressure sensitive
with two button input
m Touch Screen — optional passive pen
or finger touch capable

QOPERATING SYSTEM
= Microsoft? Windows® 95
® Microsoft® Pen Computing for
Windows?® 95

INTERFACES

= Powered 115Kbps 16550
compatible serial port

® ECP/EPP parallel port

& Built-in RJ-11 phone jack - externally
accessible

m Accepts 2 Type I or Il or
1 Type Il PC cards

m External video connector

In our constant effort to improve products and systems,
Itrorix Corporation reserves the right to change or modify
feature and specification without retice. Itronix is a registered
trademark of lronix Corporation.

Capyright ®1998 [tronix Corporation

Microsoft and Windows are registered trademarks of
Microsoft Corporation,

Santoprene is a registered trademark of

Monsanto Corporation

Intel and Pentium are registered trademarks of

INTEGRATED WIRELINE
COMMUNICATIONS
® Integrated microphone and
spe for voice communications
® 33,6 Kbps v.34 Group 3 fax/data
modem

INTEGRATED WIRELESS
COMMUNICATION QOPTIONS
m CDPD/Cellular radio network
for voice & data
m ARDIS network
® BellSouth Wireless Data network

OPTIONS
m Vehicle charger with lighter adapter
= Stand alone spare battery pack

charger

m Vehicle cradle with lock, power,
and serial port

= External 3.5” floppy drive

# External CD-ROM

m External antenna option with
vehicle cradle

® Carry cases for system and
accessories

# Bar-Code laser scanners

u Vehicle cradle with CD-ROM

INTEGRATED TELEPHONE LINE
TESTING OPTION
u T-BERD 109XC Subscriber Loop
Analyzer accessed by software running
under Windows® 95
® Full-function POTS subscriber
line tester
& Time Domain Reflectometer (TDR)
= Narrowband TIMS
w Basic-rate ISDN tester

LONG-LIFE CASE DESIGN

& Die Cast Magnesium for all structural
components

u Integrated Santoprene® shock
absorption

w Case design integrates vehicle cradle
connection

m Full environmental and RF seal

® Zinc door on PC cardslot

ENVIRONMENTAL CHARACTERISTICS
® Operating tetperature range: -4° to
140" Fahrenheit {-20" to 60" Celsius)
® 54 repeated 1M drops an all surfaces,
edges and comers per MIL STD
810E, 516.4, Proc. IV {30" with
intetgtated T-BERD 109XC)
& Rain at 4 in./hr. at approximately
40 psi for 40 minutes per axis for all
axes per MIL STD 810E, 506.3, Proc. 111
u Vibration of .04g%/Hz over 20-
1000Hz random

INTRINSIC SAFETY
® Class 1, Division 2, Group D

iFTRONZX

plls Worklorce Systems Company
A ; DYNATECH Company

#1998 Itronix Corporation

VY1 3M 19/98

801 South Stevens Street, Spokane, WA 93204
509-624-6600 1-800-441-1309
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Economy Mobiles

800/900 MHz Mobiles

Our economy mobiles are just right for many
applications. These antennas feature a flexible stainless
steel radiator and 100% contact with the mount. They
are available in 3 dB of © dB gain. Our economny mobiles
come with 14.5 feet (4.4 meters) of standard RGEBAU
or Cusherafl low loss UltraLink® Cable. Available
connectors inciude PL259, TNC, N and mini-UHF. These
antennas cover the 806-960 MHz range with VSWR of
less than 1.5:1 and feature hardware which will not seize
in corrosive atmospheres.

Economy mobiles are available individually and in
FastPaks which contain four identical antennas and all
parts for easy inventory, convenience and sconomy.

ECONONMY MOBILES
+ Albrass mounting hardware
»Utral nk® Cable o RGSEAL
+ 100% conltact with mourt
+ Bk Toor®ar ponsmd stamiess
steel whip
SPECIFICATION CHART
Model 800/900 8001900
Ezonomy | Ecenemy
0dB Gain | 3dB Galn
Freq. Range, MHz | 806-960 806-540
VEWR <1.5:1 <1.51
Hadator 2SS 30285
Spring N/A NA
Hardware Brass Brass

800/900 MHz ECONOMY MOBILE SELECTOR CHART

Cable Low Loss UltraLink® __ M ~ Rassaju S
Conneetor | T uMF N ING  MINEUWF  UWE T N ‘ROD & BABE FOD ONLY |
BOB-BE03¢B Chrome  GNBOBZLU  SNBDBZLW _ SNeosziTN  SNBGE2M | SNBOB2U _ SNEORN SNaosZA SNe0sR |
W65603 B Black  : OHBGDZLU  SNBBORLN  SNBBOSZLTN __ SHBMGUM Usnpeosel S SNBa0S2A  SNBSOBZR |
825996 308 Chiome__ U swazsell SNeSLIN  SNessélM | Sheasau  Shaz SNB252TH SNAIEOM | ShaeseA SNB252R
W5pE 3 Back SHBERSALU  SBSZsELN TshBgeseUTN | SNBRSHM 1 S ShEmseN_ SNBEPSZTN SNBEZSOM | SNBG2S2A _ SNBG2SIR
801038 Chiome SNBoeoLU  SNesg2l  SHsseeLTN SNESS2LM SNEJGZN  SNBSEZTN  SHEGEZM ' GNODBIR™w. _GNAGHOR
" B96-940 3 4B Black | gh@ssealN SHEGGEZLTN  SNBEOE2M SNBG9GIN ~ SNBEGZTN  SNEBDEM | GNPBOEJA  SNEBGE2R |
506-896 0 9B Chiome  SNOBIEN  SNBOBILTN SNEOS1LM SNEOETN  SNECBTTN  SNBOGIM_ _  SNB0STA  SNBOBIR _

806008 Blak sheenstIN  SNBEOBILTN SNBBOSIN  SNBSOGTTN  SNBSOGIM | SNBGS1A  SNBSDBIR |
B6900BCone | SNESeILU  SNBILN  SNSSILTN | SNeAIM . SMesSIN_ SNEBS'TN  SNeeeiM | SNAGStA  SNEBBIR |
W60 0 Bk SNBS1LU  SHBESsILN  SNBewsllTN | GNBeoellM | SNBUSSTU  SNBEOSIN  SNBSSBITN  SNBBSEIM | SNB&WS1A  SNBRSSIH

L”
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Mobile Cellular, SMR, Data 800/900 MHz

Complete 308 SuperFlex enc. coil antenna,
standard NMO base w/cable and connector enc. coil whip

MODEL
NMO3EBOOBMPL
KMG3EBO0BTNC
NMO3EBZ53MPL
NMOIEEZSBTNC
NMO3ESOOBMPL

e NMO3ES00BTNC

BASE S1ZE
POWERRATIHG

FREQUENCY connecTor J MODEL " FREQUENCY [ FREQUENCY ' R

U3

,200wuns S

MO base w/heavy duty chrome spring and NMO base w/heavy duty black spring and enc.
coil whip

NMO 800 806-866 MHz NME 800 B B04-856 MHz

B06-846 MHz
B04-866 MH: NMQ 825 825-496 MHz NMQ 825 B 825-896 Mz
§25-896 MHz * HM0 900 890 940 MHz ) NMO 900 8 890-960 MHz
825-894 MH:z R
890-940 MHz L ' :

 B90-90 Mz T " 5/Bowr 1/2 weve

: 151 0r less + -

- 5/8 avar 1/4 wave

15Torless - 4 0
Black | BASE SIZE s BASE SIZE - T
070, enc. coil o ?UWERRATENG-f ». 200 watts POWERRATING ™+ 200 wuﬂs
7' RG-58/U MAX HEIGHT R34 MAXHEIGHT ]2 3/4'
]5/8- . S e o Loowr . B, G 3
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GCushepaft intreduces the 800/900 Mz SKE Antenna:

hie Uitimate Mohile Solution

Proven and patented SX mobile technology offered in a closed
coil application. This mobile antenna combines the features of
the SX series including outstanding RF performance and a
flexible base complete with integrated gaskets for moisture
sealing. Contact your distributor to place an order or Cushcraft
for more information at 1-800-258.-3360

» Closed Coil Rod

All Weat}ger Perfogmance (+135°F to -40°F)
(+93°C to -40°C)

. Flexible Santoprene® Base Reduces Breakage
« Whistle Free Operation

« Patented Design
Superior Moisture Resistance for Reliable
Performance

« ice Resistant

List Dealer

_ SXEB0BLU_._B806-696 MHz with Teton® UHF cannactor . - . 1364, 926,18,
' SXFACBLN  B805-896 MHz with N-crimp connector 570 $28.52 |
| SXEOBLTN  A08-835 MHz with TNC-arfmp connagter . .. | S&9 “g2g,34 !
I SXCECALM  306-3%% MHz with wini-UHF cnimg connector 364 326.16
| SXE9GBLU.  B96-960 MHZ With Teflon® UHF donmeeier” 7 L 1§64, 182816,
P OSXEQ0BLN  856-850 MHz with N-cnmp cannector o 4 570 | saB.52
I SXESCALTN 896-950 Mz with TNC-ETmp SannsGtot ... . -_.-__;;;ga'e [ ;gam :
. B4 6.16

SXES0ELM  8355-360 MHz with Mini-UHF crimp connector

WITH 14-1/2 FEET {4.4 M) RGS58 CABLE
- SXEBGAL)_ . 806-836 MHz with Taflon® UHF canpector i-.i . Ll - §99 e B4R T
SXEBCEN A06-896 MHz with N-cnmp connestor 365 $26.93
| SXEBCATN  B06-898 MHz with TNG-crimp connectoe... © . . 7| 19637 826727
! SXE308M AE-835 MHz with Mipi-UHF erimp copnectsr 359 524.57
SXESORL  808-060 Mz with Teflon® UHF connector B - IO . %=
| SxEscan 296-960 MMz with N.cnmp connactor Po3E5 | %2819
| SXES0BTR _896-960 MHz with TNG-grimpgeinector,” 0" L1965 11| 926,72,
[ S¥ESCAM A96-360 MHz with Mini-UHF crimp connecigr $59 1 52457

Call us or your faverite distributor for more information.

TEL: 1-800-258-3860 * FAX: 1-800-258-3868

COMMUNICATIONS ANTENNAS

@ CUSHCRAFT
]

28 Ponmicior Bagd, Manchaslar, NH 03103 « Tol: 603-627-7877 « FAR: 603-67-1784 - Emaul: salesscusherafl.com
Intarnational - Tol: 1-603-827-78YT = Fax:1-603-627-1783




EXHIBIT THREE

MPE REPORT
External 5dB
Maxrad Vehicle-Top
Mounting Antenna
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APREL

FCCID:

Client : Itronix Corporation

Equipment : Ruggedized Wireless Laptop with Vehicle Cradle with Lixternal 5dB Maxrad
Vehicle-Top Mounting Antenna

Part No. : X-C 6250 Laptop and MUFF91055P Antenna

Serial No. : 37466

ENGINEERING SUMMARY

This report contains the results of the maximum permissible exposure (MPL) evaluation performed
on the equipment under test (EUT) which was comprised of an Itronix Model X-C 6250
ruggedized wireless laptop with a Model CRDIL., RE ASSY vehicle cradle, and an external 5dB
Maxrad Model MUF9105SP vehicle-rooftop mounting antenna. The tests were carried out in
accordance with the applicable requirements of FCC rules found in 47CHR §2.1091 and the
standards ANSVIEEE C95.1-1992 and C95.3-1992.

The methodology and results for the test are described in the appropriate section of this report.

The 1:UT will not exceed the MPE requirements for the 896 - 901MHz band. The maximum
power exposure level measured at 20cm was (.58 mW/cm?®,

FCC Rule Part 47CFR §2.1091 Ruggcdized Wircless LaEtUE
November 13, 1998 Page 2 Project #: ITRB-XC6250 Maxrad MUF91058P-3108
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ACRONYMS
EUT Equipment Under Test
FCC Federal Communications Commission
MPE Maximum Permissible Exposure
N/A Not Applicable
NTS Not To Scale
OATS Open Area Test Site
OEM Original Equipment Manufacturer
QA Quality Assurance
RIM Research in Motion
FCC Rulg Part 47CFR §2.1091 Ruggedized Wircless Laptop

November 13, 1998 Page 4 Project #: ITRB-XC6250 Maxrad MUFG1055P-3108



1.0 INTRODUCTION

1.1 General
This report describes the Maximum Permissible Exposure (MPE) tests an Itronix Model X-
C 6250 ruggedized wireless laptop with a Model CRDL, RF ASSY vehicle cradle, and an
external 5dB Maxrad Model MUF9105SP wehicle-rooftop mounting antenna, the
combination hereinafter called the EUT (Equipment Under Test).

1.2 Scope
MPI: evaluation was performed on the EUT in accordance with the requirements of the
FFCC rules for RE compliance found in 47CHR §2.1091 and the standard ANSI/IEEE
(95.3-1992, IEEE Recommended Practice for the Measurement of Potentially Hazardous
Electromagnetic Ficlds — RE and Microwave. This Engincering Report contains the
following:
1.2.1 Methodology as 1o how the tests were performed.
1.2.2 Test results and analysis.
1.2.3 Identification of the test equipment used for the testing.
1.2.4 Test set-up diagram.

1.3  Schedule
The MPE tests were completed on November 6, 1998,

2.0 APPLICABLE DOCUMENTS
I'CC Rule Part 47CFR §2.1091
ANSVIEEE (95.1-1992, IFEE Standard for Safety Levels with Respect to Human
EExposure to Radio Frequency Electromagnetic Fields, 3kHz to 300GHz.
ANSVIEEE (95.3-1992, IEEE Recommended Practice for the Measurement of Potentially
Hazardous Flectromagnetic Fields — RIF and Microwave.
OET Bulletin 65 (Edition 97-01), Evaluating Compliance with FCC Guidelines for Human
Exposure 10 Radiofrequency Electromagnetic IFields.

FCC Rule Part 47CIFR §2.1091 Ruggedized Wircless Lapiop
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30 TESTSAMPLE
The MPE tests described in this procedure was performed on:
. TIwonix Model X-C 6250 Cross Country ruggedized wireless laptop (see specification
sheets in Appendix A), S/N 374666, Config BBBEBAAADA-DZABA-ABP.
- Ttronix Model CRDL, RF ASSY 2081 vehicle cradle, P/N 50-0057-001 /4, S/N 303242.

_ Maxrad Model MUF9105SP 5dB vehicle-mounting antenna (sce specification sheets in
Appendix B).

4.0 GENERAL REQUIREMENTS
4.1 Location of Test Facilities

The tests were performed by APREL Laboratories at APREL’s test facility located in
Nepean, Ontario, Canada. The laboratory operates a 3 and 10 meter Open Area Test Site
(OATS) measurement facility. The test site is calibrated to ANSI C63.4-1992.

A description of the measurement facility in accordance with the radiated and AC line
conducted test site criteria in ANSI €63.4-1992 is on file with the Federal Communications
Commission and is in compliance with the requirements of Section 2.948 of the
Commissions rules and regulations. APREL’s registration number is 3 HO70/SIT(1300F2).

APREL is accredited by Standard Council of Canada, under the PALCAN program (ISO
Guide 25). All equipment used is calibrated or verified in accordance with the intent of

AQAP-6/MIL-STID-45662. APREL is also accredited by Industry Canada (formerly DOC)
and recognized by the Federal Communications Commission (FCC).

4.2  Personnel
Radiation Hazard technical staff member, Heike Wuenschmann, carried out all MPE tests.
4.3  Failure Criteria
The equipment under test was considered to have failed if any of the following occurred:
When the MPE limits exceeded those permitted by appropriate limits defined by the

FCC.

4.4  Power Source Required

FCC Rule Part 47CFR §2,1091 X Ruggedized Wircless Laptop
November 13, 1998 Page 6 Project #: ITTRB-XC6250 Maxrad MUI®91055P-3108




The following nominal 1DC Power was maintained during the test:

Voltage: 12 VDC.
4.5 Tolerance
The following tolerances on test conditions, exclusive of equipment accuracy, were
maintained:
Voltage: + 10%.
50 TEST INSTRUMENTATION & CALIBRATION
5.1 General
APREL. Laboratores, located in Nepean, Ontario is equipped with the necessary
instrumentation to ensure accurate measurement of all data recorded during the tests
outlined in this document. To ensure continued accuracy, each instrument is re-calibrated
at intervals established by APREL and based on standards traceable (o the National and
International Standards. Accuracy surveillance is a function of APREI Quality Assurance.
5.2 MPE Test Equipment Required
The test equipment required to perform the MPLE testing was selected from the equipment
available at APREL.
5.3  Calibration Requirements
All test equipment instrumentation required for MPE qualification testing was calibrated
and controlled.
FCC Rule Part 47CFR §2,1491 Ruggedized Wircless Lapiop
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6.0 ELECTRICAL/MECHANICAL DESCRIPTION

The MPIL: Test Program was performed an Itronix ruggedized wireless laptop, containing a
RIM 2 watt OEM radio-modem transceiver, equipped with a vehicle cradle and external
Maxrad vehicle-top mounting antenna, the combination hereinafier called the EUT. The
test sample consisted of the components supplied by the customer and described below.

6.1 Test Unit Description

The Itronix ruggedized wircless laptop, containing a RIM 2 watt OEM radio-modem
transceiver, equipped with a vehicle cradle and external Maxrad vehicle-rooftop mounted
5dB antenna, consisted of the following components:

Part Number Description

X-C 6250 398C Itronix ruggedized wireless laptop

CRDI., RF ASSY 2081 Itronix vehicle cradle

SRB01519/97431059235 RIM execution lock device for radio
tools

MUL91058P Maxrad vehicle-rooftop mounted 5dB
antenna

(0820-0004 6 Gates 2V 25AH BC DC cells

6.2  MPE Test Setup
a) The EUT antenna shall be installed in the centre of a ground plane simulating the
rooftop of a vehicle. The other components shall be located underneath this ground

plane Lo simulate operation from inside of the vehicle (see Figures 6.2.1 and 6.2.2).

b) The vehicle simulator shall be positioned on the turntable in the OATS in such a way
that the antenna witl be located on the centre of rotation.

C) The EUT shall be connected to the 12 VIDC power supply.

d) For the selection and placement of the measuring probe, the requirements of
ANSVIEEE (95.3-1992 shall be mel.

FCC Rule Part 47CFR §2.1091 Ruggedized Wircless Laptop
November 13, 1998 Page 8 Project #: ITRB-XC6250 Maxrad MUF91058P-3108
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Figure 6.2.2. Elevation View of the Setup.

Ruggedized Wireless Laptop
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7.0 MAXIMUM PERMISSIBLE EXPOSURE (MPE) TEST
7.1 Purpose
This test method is used to verify that the EUT meets the MPE requirements as defined in
the criteria for general population/uncontrolled exposure when operating at maximum
power levels and in all operating modes.
7.2  Test Equipment
Description Manufacturer Model No.
E-Field Probe Narda 8021B
7.3  Criteria
Power Density Limits — The EUT shall not gencrate a power density beyond the limits in
the frequency band listed in the teft hand column of Table 7.3.1, and the power density
given in the right hand column. The power density shall be measured 20 ¢cm from the
radiating antenna axis above the vehicle-top simulating ground plane, as well as in the
approximate location of the head of possible vehicle drivers or passengers below the ground
plane (see Figure 7.3.1). The measured values shall be recorded.
Table 7.3.1
Power Density Limits
for General Population/Uncontrolled Exposure
Frequency Power Density
Range (mW/cmz)
. 300 - 1500 MHz /1500
Note: [ = frequency in MHz
The measurements shall be performed at one transmitting frequency, the highest of the high,
middle or low channels, with the EUT operating at the full rated output power.
FCC Rule Part 47CFR §2.1091 Rugscdizcd Wircless LaEloE
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,,,,, | S
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I 0.5m
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Figure 7.3.1. Plan View of Vehicle Simulator and Setup.

FCC Rule Part 47CER §2.1091 Ruggedized Wircless Laptop
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7.4 Test Procedure

a) The probe shall be positioned close to, and paralle] to, the vehicle rooftop simulation
with its tip 20 ¢m from the radiating antenna, and its axis normal to the antenna.

bl Rotatc the turntable so that the probe is at the 0° position (see Figure 7.3.1).

c) Turmn on the EUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operate the transmitter at full
rated output power.

d) Determine the location of the maximum power density: locate the maximum
emissions by scanning vertically along the EUT’s anienna. Take and record
measurements of the power densily at a number of points along the length of the
antenna as well as just past its tip.

¢) Al every 45° of rotation take and record a measurement of the power density at the
maximum power density height as for at least the following locations:

»  half the maximum power density height

. height halfway between the maximum power density height and the tip of the
radiating antenna

« justabove the tip of the antenna

N Turn off the EUT.

g) Position the probe under the vehicle rooftop simulating ground plane in the
approximate location of the centre of the head of a potential driver of the simulated
vehicle (sce Figure 7.3.1).

h) Tum on the FUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operate the transmitter at full
rated output powcr.

1) Take and record the measurement of the power density at this location.
i) Turn off the EUT.

k) Repeat steps g) through j) for the positions of the other potential occupants of the
simulated vehicle as shown in Figure 7.3.1.

FCC Rule Part 47CFR §2.1091 Ruggedized Wircless Lag[oE
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7.5 Results

Table 7.5.1 presents the results of the measurements made along the length of the antenna
in order to find the location of the maximum power density (the Maxrad MUF91055P
antenna has a height of 79 cm). Column 1 shows the height at which the measurements
were taken and coltimm 2 shows the result (“total” indicates that this is the sum of the
power density measured by each of the three orthogonal sensors in the probe). The cable
loss associated with the supplied 15.5ft Belden 8219 cable was adjusted to the nominal loss
for a 6 foot length. Column 3 indicates the correction for the excess cable loss (9.51t x
0.138 dB/ft) that was applied to measured power densily (column 2) to obtain the final
adjusted power density.

The data in Table 7.5.1 is presented in Figure 7.5.1.

Power Density of Maxrad MUF91055P Antenna with X-C 6250 Laptop
6th November 1998

co - -- e e
| % otal corrected by cable loss .

o8 - - - I mpe oo
|
[ total

oy - - -

o
m

Power Density [mW/cm?]
o o
L (L]
|

(=]
w

pe i

100

Height above the roof [cm]

Figure 7.5.1
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Table 7.5.1

Power Density Measured at 0° as a I'unction of Height

Height Total Excess cable loss | Adjusted total]| MPE Limit
[em] [mW/cm?] [dB] [mW/cm®] [mW/ecm®]
2 0.02 1.31 0.02 0.6
4 0.08 1.31 0.11 0.6
6 0.18 1.31 0.24 0.6
8 0.24 1.31 0.33 0.6
10 0.28 1.31 0.37 0.6
12 0.24 1.31 0.32 0.6
14 0.27 1.31 0.37 0.6
16 0.24 1.31 0.32 0.6
18 0.27 1.31 0.37 0.6
20 0.22 1.31 0.30 0.6
22 0.23 1.31 0.31 0.6
24 0.33 1.31 0.44 0.6
26 0.30 1.31 0.41 06
28 0.30 1.31 0.40 0.6
30 0.31 1.31 0.42 0.6
32 0.36 1.31 0.48 0.6
34 0.34 1.31 0.46 086
36 0.24 1.31 0.32 0.6
38 0.18 1.31 0.24 0.8
40 0.22 1.31 0.29 0.6
42 0.13 1.31 0.17 0.6
44 0.14 1.31 0.19 0.6
46 0.07 1.31 0.10 0.6
48 0.13 1.31 0.18 0.6
50 0.02 1.31 0.03 0.6
52 0.05 1.31 0.07 0.6
54 0.01 1.31 0.01 0.6
b6 0.01 1.31 0.02 0.6
58 0.02 1.31 0.02 0.6
60 0.01 1.31 0.01 0.6
62 0.02 1.31 0.02 0.6
64 0.01 1.31 0.01 0.6
86 0.07 1.31 0.09 06
68 0.06 1.31 0.12 0.6
70 0.06 1.31 0.08 0.6
72 0.14 1.31 0.19 0.6
74 0.09 1.31 0.13 0.6
76 0.01 1.31 0.01 06
78 0.02 1.31 0.02 0.6
80 0.01 1.31 0.01 0.6
82 0.00 1.31 0.00 06
84 0.00 1.31 0.00 06
86 0.00 1.31 0.00 0.6
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al the different measurement heights.

Table 7.5.2

APREL

Table 7.5.2 presents the results of the measurements made around the antenna at every 45°
of rotation. Column 1 shows the angle at which the measurements were taken and columns
2 through S show the final adjusted power density (sce discussion surrounding Table 7.5.1)
The MPE value is determined by averaging the
adjusted total power density along a vertical line up 10 the height of a tall typical individual,
taken here as 6ft or 180cm. Since the height for the rooftop of the simulated vehicle is
143cm, then the averaging is over those measurements made between 0 and 37cm above the
simulated vehicle rooftop. Column 6 shows the results of this averaging.

Power Density Measured
at every 45° as a Function of Height

Angular Adjusted Total Power Density Average MPE Limit
Position | H1[cm] H2 [em] H3 [em] H4 [em] Values up
30 78 80 0 37 cm
[ [mWien?] | [mwicn?] | [mWien?] | [mWient] | [mWiem®] | [mWien']
0 0.5067 0.6629 0.2976 0.0022 0.5848 0.6
45 0.2268 0.5231 0.2640 0.1125 0.3750 06
90 0.1754 0.3822 0.0154 0.1280 0.2788 06
135 0.3651 0.4296 0.0149 0.0095 0.3973 06
180 0.3323 0.4796 0.0173 0.0961 0.4059 06
205 0.3926 0.4809 0.0945 0.0683 0.4367 06
270 0.2928 .3978 0.0041 0.1457 0.3453 0.6
315 0.2986 0.4133 0.0022 0.1357 0.3559 06
360 0.5067 0.6629 0.2976 0.0022 0.5848 06

The data in Table 7.5.2 is presented in Figure 7.5.2.
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Power Density of Maxrad MUFS1055P
Antenna with Itronix XC6250 Computer

Power Density (mW/cm2)

0 45 90 135 180 225 270 315 360
Angular Position (Degree}

Figure 7.5.2.
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Measurcments were made below the simulated vehicle rooftop, in the approximate Jocation
of the centre of the head of potential occupants. It was assumed that this typical position
occurred 17.5¢m below the roof of the simulated vehicle (the clearance betwecen the top of
an occupant’s head and a vehicle’s roof is ~3” (7.5cm) and distance between the top of the
head and the eyes is ~4” (10cm)). Figure 7.3.1 shows the location of measurements for the
4 potential occupants. Table 7.5.3 presents the results of the measurements. Column 1
shows the height at which the measurements were taken and column 2 shows the result
(“total” indicates that this is the sum of the power density measured by each of the three
orthogonal sensors in the probe). The cable loss associated with the supplied 15.5ft Belden
8219 cable was adjusted to thc nominal loss for a 6 foot length. Column 3 indicates the
correction for the excess cable loss (9.5t x 0.138 dB/ft) that was applied 10 measured
power density (column 2) to obtain the final adjusted power density.

Table 7.5.3

Power Density Measured
at Position of Potential Vehicle Occupants

Position Total Excess | Adjusted MPE
cable Total Limit
loss

mwW/em?]| [dB] |ImW/ecm?)| [mW/cm®]

driver 0.01 1.31 0.02 0.6
front pass4 0.00 1.31 0.00 0.6
rear left 0.00 1.31 0.00 0.6
rear right 0.00 1.31 0.00 0.6

8.0 CONCLUSION

The EUT consisting of an Itronix Model X-C 6250 ruggedized wircless laptop with a
Model CRDIL., RE ASSY vehicle cradle, and an external 5dB Maxrad Model MUF91055P
vchicle-rooftop mounting antenna will not exceed the MPE requirements for the 896 -
901MHz band. The maximum power exposure level measured at 20cm was (.58 mW/cm’,
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. A High Performance Wireless Worktool
for Field Computing

Directly impact workforce productivity and profits with the Itronix X-C 6250 ~ a fully ruggedized,

wireless computer designed specifically to deliver results in the most demanding field applications.

The X-C 6250 is built tough to withstand the shock of repeated drops and remain operational under
extreme temperatures, vibration, liquid, and exposure to the elements. When equipped with wireless
communications, highly mobile field workers can use the X-C 6250 to collect, communicate and
manage account information in real time while at a customer’s site. Sophisticated power management
systems deliver computing and communications capabilities all day on a single battery, ensuring
productivity. Additional features for field computing like the 6250s optional touch screen allow workers
the flexibility and ergonomics of both pen and keyboard use in the same platform.

Reach the next plateau in servicing your customers with Itronix. The leader in mission-critical mobile

computing solutions.



HLIGHTS

OMI1lz Intel Pentium
Cessor
egrated wireless data
mmunications
nference quality
*akerphone
th touch screen &
yboard input
Iy ruggedized,
ally sealed
cellent outdoor
'wable display
riety of carrying options
d locking vehicle docks
WeEr management system
all day battery use
GB or 3.2GB ruggedized
rd drive

ior and monaochrome
plays up to 10.4"

ITRES AND
IFICATIONS

COMPACT SIZE/WEIGHT
= Lelzlgth: 10.5" (26.7cm)
® Width: 7.5" or 8.1" (19.1 o1
20.57cm) screen size dependent
8 Depth: 3.0" (16(:111}
® Weight: 6.9 or 7.18 Ibs. (3.1 or
3.25 kg) screen size dependent

PROCESSOR/MEMORY
8 200MHz Pentium® with
MMX technology
® 16 to 48 MB RAM

STORAGE
m 2 1GB or 3.2GB 2.5" ruggedized
hard drive

POWER
® 3.5 Ahr high capacity NiMh battery pack
® Smart battery with accurate gas gauge
8 4 hour rapid charge

DISPLAY
2 SVGA color 800 x 600 pixel
10.4" diagonal display
{touch screen optional)
® VGA monochrome 640 x 480
ixel 8.2" diagonal transflective
acklit display
m Shock mounted
= Long-life hinge
¥ Automatic temperature
compensation

INPUT DEVICES
® Keyboard - 93% standard key spacing
user replaceable
® Pointing Stick — pressure sensitive
with two button input
® Touch Screen - optional passive pen
or finger touch capable

OPERATING SYSTEM
= Microsoft® Windows® 95
= Mictosoft® Pen Computing for
Windows® 95

INTERFACES
® Powered 115Kbps 16550
compatible serial port
L ECP}PEPP parallel port
® Built-in RJ-11 phone jack ~ externally
accessible
m Accepts 2 Type I or Il or
1 Type 111 PC cards
# External video connector

In our constant effort to improve products and systems,
Hromix Corporation reserves the right to change or modify
feature and specification without notice. Itronix is o registered
trademark of Itronix Corporation.

Copyright ©1998 Ttronix Corporation

Microsaft and Windows are registered trademarks of
Microsaft Corporation.

Santoprene is a registered trademark of

Monsante Corporation

Intel and Pentium are registered trademarks of

INTEGRATED WIRELINE
COMMUNICATIONS
L] Inmed microphone and
sp for voice communications
® 33.6 Kbps v.34 Group 3 fax/data
modem

INTEGRATED WIRELESS
COMMIUINICATION OPTIONS
m CDPD/Cellular radio network
for voice & data
® ARDIS network
® BellSouth Wireless Data network

QPTIONS

® Vehicle charger with lighter adapter

u Stand alone spare battery pack
charger

m Vehicle cradle with lock, power,
and serial port

w External 3.5" floppy drive

® External CD-ROM

® External antenna option with
vehicle cradle

® Carry cages for system and
accessories

® Bar-Code laser scanners

m Vehicle cradle with CD-ROM

INTEGRATED TELEPHONE LINE
TESTING OFTION
= T-BERD 109XC Subscriber Loop
Analyzer accessed by software unning
under Windows® 95
® Full-function POTS subscriber
line tester
m Time Domain Reflectometer (TDR)
m Narrowband TIMS
® Basic-rate ISDN tester

LONG-LIFE CASE DESIGN

® Die Cast Magnesium for all structural
components

w Integrated Santoprene® shock
absorption

® Case design integrates vehicle cradle
connection

& Full environmental and RF seal

® Zinc door on PC cardslot

ENVIRONMENTAL CHARACTERISTICS
® Operating temperature 1ange: -4 to
140" Fahrenheit (-20° to 60° Celsius)
m 54 repeated 1M drops on all surfaces,
edges and comers per MIL STD
810E, 516.4, Proc, IV (30" with
intergrated T-BERD 109XC)
® Rain at 4 in./hr. at approximately
40 psi for 40 minutes per axs for all
axes per MIL STD 810QE, 506.3, Proc. lII
m Vibration of .04g?/Hz over 20-
1000Hz random

INTRINSIC SAFETY
m Class 1, Division 2, Group D

i RONzX

¥ Norkforce Systems Company

AﬁWTECH Company

©1998 Itronix Corporation

V.1 3M 10/38

801 South Stevens Street, Spokane, WA 93204
509-624-6600 1-800-441-1309
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Nowv-19-98 14:03 Manan Enginaearing

Onper (800) 323-9122  Fax (630) 372-8077

MUF 800/900 No Ground Plane Chrome Cu'i:
806-940 MHz, Unity/3dB/5dB Gain .

Designed for install
pered loading coil jacke
loaded matching netwar

Festures:
e No ground plane required
>
L 2
L
Electrical Specifications

Maximum Power:

aticns that lack a suitable ground plane, these Unity,
t with chrome plated brass fittings and an optional heavy-duty

k supports the collinear or uilinear rod sections above without i

adR, and 548 3.+

Rugged construction; optional heavy-duty shock spring

Sleek, sturdy, sealed phasing coil design
1-1/8" -18 mounting threads mate with all 3/4" MAXRAD mounts

Mechanical Specifications

Radlator Material:
100" dia. stainless steel
Optional Spring:
Stainless steel

150 Watts
Vi‘:vg : t Resonant Point: Phasing Coil Housing:
Nominal impedance: Moldad polymer jacke! witl.
50 Ohms chrame plated brass bu:. -
Base Housing Coll:

Antenna Type:
Unity - 1/4 wave
3d8 - 5/8 wava over a 1/4 wave

548 - Dual 5/8 wave over a 1/4 wave

MUF-8150NGP Series

Tapered jacket with coct
brass bushings

800 MHz Antenna Heigt.::
Unity- Approx. 7 1/2" at |-
3dB- Approx. 17 3/4" at l=.
5dB- Approx. 27 3/4" at i

900 MHz Antenna Height:
Unity-Approx. 7 1/4" at I+
3dB- Approx, 17 1/2" = 1
54B- Approx. 27 1/2"

List Price
Factory List Price Chrome Liwt o
Prequency Tuned Chrome Models w/ ER
Mode! # Range Frequency  Rod/Coll Type Gain  Modaels Spring Mo
uur-msouepcs:a 800-866 MMz 815 MMz -“..-‘_;trmghl Unity ™ s28.50 $30.60 t
MUE-B350NGP(S} 824808 MMz 835 MH2 Straight Unty 52050 $36.50 b
MUF-9O0ONGP(S)  BO6-040 MHr 898 MHZ Straight Unity  $20.50 $36.50 hs
WUF-B10INGP(S]  BOG-866 MMz 813 MHz  ColineacOpen  3dB 33097 $40.97 s ‘:fﬁ
WUF.BOGONGP(S)  BOS868MHY  BISMHz  ColineaClosed 08 33628 $46.25 S
MUF.830INGP(S) 824898 MHz  83SMHz  Colinear/Open  3aB £30.97 $40.97
MUF-EXZINGP(S) 824898 MHz  B3SMHz  Colinwar/Ciosed  3d8 53628 $40.25 [
MUF-10INGPIS)  896-540MHz 898 MM CoMineerOpen 308 $30 97 $40.497 . )
MUF.QO0INGP(S)  BOG-040 MMZ U8 MHz  Colinear/Closed = N T $46.25 r
MUF-B105NGP(S)  808-886 MKz  815MHz  TrbnearOpen sd8 015 $50,15 ~ Preled
MUF-B00SNGP(S) 806866 MHz 813 MHz  ThiinesriClosed 508 4890 $35.90 '
MUF-EI05NGP(S)  B24808 MHz  B3SMHz  TrilinearOpen saB .15 $50.15
. MUF-B1ZSNGP(S)  824-896 MMz B35 MMz Trinea/Closed 598 $4S.90 56,90 N
~ . SMMUF-JOZSNGPLS) - 896840 MHY .- 808 MHZ TinewOpert  SdB  SAQ.13 $30.16 s
TrirpaiClosed 38 . H6.20 $85.90 .

- MUF-SCISNG(S) 122 000-840 MHZ 1 808 MHz »
. *Suffix *S" indicates spring
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FCC ID:

Client : Itronix Corporation

Equipment : Ruggedized Wireless Iaptop with Vehicle Cradle with External 4.5dB
[.arsen Vehicle-Top Mounting Antenna

Part No. : X-C 6250 Laptop and NMO 900 Antenna

Serial No. : 37466

ENGINEERING SUMMARY

This report contains the results of the maximum permissible exposure (MPE) evaluation performed
on the equipment under test (EUT) which was comprised of an Itronix Model X-C 6250
ruggedized wireless laptop with a Model CRDL., RIF ASSY vehicle cradie, and an external 4.5dB
Larsen Model NMO 900 vehicle-rooftop mounting antenna. The tests were carried out in
accordance with the applicable requirements of FCC rules found in 47CFR §2.1091 and the
standards ANSVIEEE €95.1-1992 and (95.3-1992.

The methodology and results for the test are described in the appropriate section of this report.

The EUT will not exceed the MPE requirements for the 896 - 901MHz band. The maximum
power exposure level measured at 20cm was 0.50 mW/cm?.
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1.0 INTRODUCTION

1.1 General

This report describes the Maximum Permissible Exposure (MPE) tests an Itronix Model X-
C 6250 ruggedized wireless laptop with a Model CRDL, RF ASSY vehicle cradle, and an
external 4.5dB Larsen Model NMO 900 vehicle-rooftop mounting antenna, the combination
hereinafter called the EUT (Equipment Under Test).

1.2 Scope

MPE evaluation was performed on the EUT in accordance with the requirements of the
ECC rules for REF compliance found in 47CI'R §2.1091 and the standard ANSVIEEE
95.3-1992, IEEE Recommended Practice for the Measurement of Potentially Hazardous
Llectromagnetic Fields - RF and Microwave. This Engineering Report contains the
following:

1.2.1 Methodology as to how the tests were performed.
1.2.2 Test resuits and analysis.

1.2.3 Identification of the test equipment used for the testing.
1.2.4 Test set-up diagram.

1.3  Schedule
The MPL tests were completed on November 9, 1998.

2.0 APPLICABLE DOCUMENTS
FCC Rule Part 47CFR §2.1091

ANSVIEEE €95.1-1992, IEEE Standard for Safety Levels with Respect to Human
Exposure to Radio I'requency Electromagnetic Fields, 3kHz to 300GHz.

ANSIIEEE (€95.3-1992, IEEE Recommended Practice for the Measurement of Potentially
Hazardous Flectromagnetic Fields — RF and Microwave.

OET Bulletin 65 (Edition 97-01), Lvaluating Compliance with FCC Guidelines for Human
Exposure to Radiofrequency Electromagnetic Fields.

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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3.0

4.0

4.1

4.2

4.3

4.4

TEST SAMPLE

The MPE tests described in this procedure was performed on:

- Itronix Model X-C 6250 Cross Country ruggedized wireless laptop (see specification
sheets in Appendix A), S/N 374666, Config BBBEBAAADA-DZABA-ABP.

- Ttronix Model CRDL, RF ASSY 2081 vehicte cradle, P/N 50-0057-001 /4, S/N 303242.

- larsen Model NMO 900 4.5dB vehicle-mounting antenna (see specification sheets in
Appendix B).

GENERAL REQUIREMENTS
Location of Test Facilities

The tests were performed by APREL Laboratories at APREL’s test facility located in
Nepean, Ontario, Canada. The laboratory operates a 3 and 10 meter Open Arca Test Site
(OATS) measurement facility. The test site is calibrated to ANSI (63.4-1992.

A description of the measurement facility in accordance with the radiated and AC line
conducted test site criteria in ANSI C63.4-1992 is on file with the Federal Communications
Commission and is in compliance with the requirements of Section 2.948 of the
Commissions rules and regulations. APREL’s registration number is 31070/S1T(1300F2).

APREL is accredited by Standard Council of Canada, under the PALLCAN program (ISQ
Guide 25). All equipment used is calibrated or verified in accordance with the intent of
AQAP-6/MIL-STD-45662. APREL is also accredited by Industry Canada (formerly DOC)
and recognized by the Federal Communications Commission (FCC).

Personnel

Radiation Hazard technical staff member, Heike Wuenschmann, carried out all MPE tests.

Failure Criteria

The equipment under test was considered to have failed if any of the following occurred:
When the MPE limits exceeded those permitled by appropriate limits defined by the

FCC.

Power Source Required

FCC Rule Part 47CFR §2.1091 Rug&edized Wireless LaEIOE
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The following nominal DC Power was maintained during the test:

Voltage: 12 VDC.
4.5 Tolerance
The following tolerances on test conditions, exclusive of equipment accuraCy, were
maintained:
Voltage: + 10%.
50 TEST INSTRUMENTATION & CALIBRATION
5.1 General
APREL Laboratories, located in Nepean, Ontario is equipped with the necessary
instrumentation 1o ensure accurate measurement of all data recorded during the tests
outlined in this document. To ensure continued accuracy, ecach instrument is re-calibraied
at intervals established by APREL and based on standards traceable to the National and
International Standards. Accuracy surveillance is a function of APREL Quality Assurance.
5.2 MPE Test Equipment Required
The test equipment required to perform the MPE testing was sclected from the equipment
available at APREL.
5.3  Calibration Requirements
All test equipment instrumentation required for MPE qualification testing was calibrated
and controlled.
ECC Rule Part 47CER §2.1091 Ruggedized Wircless LaElOE
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6.0 ELECTRICAL/MECHANICAL DESCRIPTION
The MPE Test Program was performed an Itronix ruggedized wireless laptop, containing a
RIM 2 watt OFM radio-modem transceiver, equipped with a vehicle cradle and external
I.arsen vehicle-top mounting antenna, the combination hereinafter called the EUT. The test
sample consisted of the components supplied by the customer and described below.
6.1  Test Unit Description
The Itronix ruggedized wireless laptop, containing a RIM 2 watt OEM radio-modem
transceiver, equipped with a vehicle cradle and external Larsen vehicle-rooftop mounted
4.5dB antenna, consisted of the following components:
Part Number Description
X-C 6250 398C Itronix ruggedized wireless laptop
CRDL., RF ASSY 2081 Itronix vehicle cradle
SRB01519/9743D59235 RIM execution lock device for radio
tools
NMO 900 Larsen vehicle-rooftop mounted 4.5dB
antenna
(820-0004 6 Gates 2V 25AH BC DC cells
6.2  MPE Test Setup
a) The EUT antenna shall be installed in the centre of a ground plane simulating the
rooftop of a vehicle. The other components shall be located undereath this ground
plane to simulate operation from inside of the vehicle (see Figures 6.2.1 and 6.2.2).
b) The vehicle simulator shall be positioned on the turntable in the OATS in such a way
that the antenna will be located on the centre of rotation.
c) The [EUT shall be connected to the 12 VDC power supply.
d) For the selection and placement of the measuring probe, the requirements of
ANSVIEEE C95.3-1992 shall be met.
FCC Rule Part 47CFR §2.1001 Ruggedized Wiretess Laptop

November 13, 1998 Page § Project #: TTRB-X-C 6250 Larsen NMO9((-3106

Ty T gRing A—
gk f ~4 S
i B e




Cowautn W . :
ke ' : ;

Figure 6.2.2. Elevation View of the Setup.
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7.0 MAXIMUM PERMISSIBLE EXPOSURE (MPE) TEST

7.1 Purpose
This test method is used to verify that the EUT meets the MPE requirements as defined in

the criteria for general population/uncontrolled exposure when operating al maximum
power levels and in all operating modes.

7.2 Test Equipment

Description Manufacturer Model No.
E-Field Probe Narda 3021B
7.3 Criteria

Power Density Limits — The EUT shall not generaie a power density beyond the limits in
the frequency band listed in the left hand column of Table 7.3.1, and the power density
given in the right hand column. The power density shali be measured 20 ¢m from the
radiating antenna axis above the vehicle-top simulating ground plane, as well as in the
approximate location of the head of possible vehicle drivers or passengers below the ground
plane (sec Figure 7.3.1). The measured values shall be recorded.

Table 7.3.1

Power Density Limits
for General Population/Uncontrolled Exposure

Frequency Power Density
Range (lecmz)
300 - 1500 MHz . £1500

Note: f = frequency in MHz

The measurements shall be performed at one transmitting {requency, the highest of the high,
middle or low channels, with the EUT operating at the full rated output power.

FCC Ruie Part 47CER §2.1091 Ruggedized Wircless Laptop
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Figure 7.3.1. Plan View of Vehicle Simulator and Setup.
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7.4 Test Procedure

a) The probe shall be positioned close to, and parallel to, the vehicle rooftop simulation
with its tip 20 cm from the radiating antenna, and its axis normal to the antenna.

b) Rotate the turntable so that the probe is at the 0° position (see Figure 7.3.1).

) Tum on the EUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operate the transmitter at full

rated output power.

d) Determine the location of the maximum power density: locate the maximum
emissions by scanning vertically along the EUT’s antenna. Take and record
measurements of the power density at a number of points along the length of the
antenna as well as just past its tip.

e) At every 45° of rotation take and record a measurement of the power density at the
maximum power density height as for at least the following locations:

. half the maximum power density height

. height halfway between the maximum power densily height and the tip of the
radiating antenna

. just above the tip of the antenna

f) Turn off the EUT.

g) Position the probe under the vehicle rooftop simulating ground plane in the
approximate location of the centre of the head of a potential driver of the simulated
vehicle (see Figure 7.3.1).

h) Tum on the EUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operate the transmitter at full
rated output power.

1) Take and record the measurement of the power density at this Jocation.
1 Turn off the EUT.

k) Repeat steps g) through j) for the positions of the other potential occupants of the
simulated vehicle as shown in Figure 7.3.1.

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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7.5 Results

Table 7.5.1 presents the results of the measurements made along the length of the antenna
in order to find the location of the maximum power density (the Larsen NMO 900 antenna
has a height of 33 cm). , Column 1 shows the height at which the mcasurements were taken
and column’ 2 shows the result (“total” indicates thal this is the sum of the power density
measured by each of the three orthogonal sensors in the probe). The cable loss associated
with the supplied 17ft Belden 8240 cable was adjusted to the nominal loss for a 6 foot
length. Column 3 indicates the correction for the excess cable loss (11ft x 0.16 dB/ft) that
was applicd lo measured power density (column 2) to oblain the final adjusted power
density.

The data in Table 7.5.1 is presented in Figure 7.5.1.

Power Density of Larsen NMOS00 with ltronix XC6250 Computer
5th November 1998

A _ o I
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Figure 7.5.1
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Table 7.5.1

Power Density Measured
at 0° as a Function of Height

Height Total Excess |Adjusted| MPE
cable loss total Limit
[cm] | [mW/cm®] [dB] [ImW/cm®]| [mW/em?]
2 0.33 1.76 0.50 06
4 0.34 1.76 0.51 06
6 0.34 1.76 0.51 06
8 032 1.76 - 047 0.6
10 0.30 1.76 0.44 06
12 0.24 1.76 0.36 06
14 0.29 1.76 0.44 0.6
16 0.28 1.76 0.42 0.6
18 0.32 1.76 0.48 06
20 0.35 1.76 0.52 0.6
22 0.33 176 0.49 06
24 029 1.76 0.43 0.6
26 0.24 1.76 0.35 06
28 0.14 1.76 0.21 06
30 011 1.76 0.16 06
32 0.05 1.76 0.08 06
34 0.08 1.76 0.12 06
36 010 1.76 0.14 086
38 0.11 1.76 0.16 0.8
40 0.11 1.76 017 086
42 0.11 1,76 0.16 0.6
44 0.10 1.76 0.15 06
46 0.09 1.76 0.13 06
48 0.08 1.76 0.1 086
FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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Table 7.5.2 presents the results of the measurements made around the antenna at every 45°
of rotation. Column 1 shows the angle at which the measurcments were taken and columns
2 through 5 show the final adjusted power density (see discussion surrounding Table 7.5.1)
at the different measurement heights. The MPE value is determined by averaging the
adjusted total power density along a vertical line up to the height of a tall typical individual,
taken here as 6ft or 180cm. Since the height for the rooftop of the simulated vehicle is
143cm, then the averaging is over those measurements made between 0 and 37¢cm above the
simulated vehicle rooftop. Column 6 shows the results of this averaging.

Table 7.5.2

Power Density Measured
at every 45° as a Function of Height

Angular Adjusted Total Power Densi Average of
Position H1 fem] H2 [cm] H3 [cm] H4 [cm] | Values up | MPE Limit
8 26 34 40 to 37cm
[°1 [mMWicm?] | [mWicm?] | [mWiem’] | [mWiem?] | [mWicm?] | [mWicm?]
0 0.5067 0.6629 0.2976 0.0022 0.4890593 0.6
45 0.7064 0.2711 0.1246 0.0073 0.3673572 0.6
90 0.5866 0.0286 . 0.2664 0.3486 0.2938821 0.6
135 0.8492 0.2577 0.1252 0.1676 0.4106992f 0.6
180 0.5059 0.6131 0.3878 0.2285 0.5022763 0.6
225 0.6602 0.2850 0.18562 0.2221 0.3767984 0.6
270 0.5035 0.4747 0.2455 0.3598 0.4078943 0.6
315 0.6738 0.4177 0.1362 0.2280 0.4092611 0.6
360 0.5067 0.6629 0.2976 0.0022 0.4890593 0.6

The data in Table 7.5.2 is presented in Figure 7.5.2.

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
November 13, 1998 Page 15 Project #: ITRB-X-C 6250 Larsen NMO900-3106




sty - Teshing
: S AT
AN (L] ) '

Power Density of Larsen NMO900 Antenna with
Itronix XC6250 Computer - 5th November 1998

Power Density (mW/ecmz2)

Anguiar Position (Degree)

Figure 7.5.2.
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Measurements were made below the simulated vehicle rooftop, in the approximate location
of the centre of the head of potential occupants. It was assumed that this typical position
occurred 17.5cm below the roof of the simulated vehicle (the clearance between the top of
an occupant’s head and a vehicle’s roof is ~3” (7.5cm) and distance between the top of the
head and the eyes is ~47 (10cm)). Figure 7.3.1 shows the location of measurements for the
4 potential occupants. Table 7.5.3 presents the results of the measurements. Column 1
shows the height at which the mcasurements were taken and column 2 shows the result
(“total” indicates that this is the sum of the power density measured by each of the three
orthogonal sensors in the probe). The cable loss associated with the supplied 17ft Belden
8240 cable was adjusted to the nominal loss for a 6 foot length. Column 3 indicates the
correction for the excess cable loss (111t x 0.16 dB/f1) that was applied to measured power
density (column 2) to obtain the final adjusted power density.

Table 7.5.3

Power Density Measured
at Position of Potential Vchicle Occupants

Position Total Excess | Adjusted MPE
cable Total Limit
loss

[mW/cm?] [dB] [mW/cm?] [mW/cm?]

driver 0.01 1.76 0.02 0.6
front passg 0.02 1.76 0.03 0.6
rear left 0.01 1.76 0.01 0.6
rear right 0.01 1.76 0.02 0.6

8.0 CONCLUSION

The EUT consisting of an Itronix Model X-C 6250 ruggedized wireless laptop with a
Model CRDL, RE ASSY vehicle cradle, and an exiemal 4.5dB Larsen Model NMO 900
vehicle-rooftop mounting antenna will not exceed the MPE requirements for the 896 -
001 MHz band. The maximum power cxposure level measured at 20cm was 0.50 mW/cm’.

FCC Rule Part 47CTFR §2.1091 Ruggedized Wircless LaEloE
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APPENDIX A

Transmitter Specifications

Ruggedized Wireless Laptop
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. A High Performance Wireless Worktool
for Field Computing

Directly impact workforce productivity and profits with the Itronix X-C 6250 - a fuIIy ruggedized,

wireless computer designed specifically to deliver results in the most demanding field applications.

The X-C 6250 is built tough to withstand the shock of repeated drops and remain operational under
extreme temperatures, vibration, liquid, and exposure to the elements. When equipped with wireless
communications, highly mobile field workers can use the X-C 6250 to collect, communicate and
manage account information in real time while at a customer’s site. Sophisticated power management
systems deliver computing and communications capabilities all day on a single battery, ensuring
productivity, Additional features for field computing like the 6250's optional touch screen allow workers
the flexibility and ergonomics of both pen and keyboard use in the same platform.

Reach the next plateas in servicing your customers with Itronix. The leader in mission-critical mobile

computing solutions.




GHLIGHTS

10M1iz {ntel Pentium
'OCesSor
itegrated wireless data
ymmunications
onference quality
eakerphone
oth touch screen &
cyboard input
Iy ruggedized,
itally sealed
xcellent outdoor
ewable display
ariety of carrying options
nd locking vehicle docks
ower management system
br all day battery use
| 1GB or 3.2GB ruggedized
ard drive

‘olor and monochrome
isplays up to 10.4"

FEATURES AND
SPECIFICATIONS
COMPACT SIZEfWEIGHT
m Length: 10.5" (26.7cm)
m Width: 7.5" or 8.1" (13.1 or
20.57cm) screen size dependent
= Depth: 3.0" {7.6cm{
= Weight: 6,9 or7.18 Ibs. (3.1 or
3.25 kg) screen size dependent

PROCESSOR/MEMORY
a 200MHz Pentium® with
MMX technology
m 16 to 48 MB RAM

STORAGE
® 2,1GB or 3.2GB 2.5" ruggedized
hard drive

POWER
1 3.5 Ahr high capadity NiMh battery pack
m Smart battery with accurate gas gauge
m 4 hour rapid charge

DISPLAY
u SVCA color 800 x 600 pixel
10.4" diagonal display
{touch screen optionai)
® VGA monochrome 640 x 480
ixel 8.2" diagonal transflective
acklit display
¥ Shock mounted
w Long-life hinge
® Automatic temperature
compensation

INPUT DEVICES
® Keyboard - 93% standard key spacing
user replaceable
m Pointing Stick - pressure sensitive
with two button input
m Touch Screen - optional passive pen
or finger touch capable

OPERATING SYSTEM
B Microsoft® Windows® 95
m Microsoft® Pen Computing for
Windows® 95

INTERFACES
» Powered 115Kbps 16550
compatible serial port
. BCPFEPP parallel port
m Built-in RJ-11 phone jack - externally
accessible
m Accepts 2 Typelor Il or
1 Type 111 PC cards
m External video connector

In our constant effort i improve products and systems,
Itromix Corporation reserves the vight to change or modify
fmnnmdmﬁaﬁmmmrmﬁiumgism
trademark of itronix Corporation.

Capyright ©1998 Itronix Corporation

Migrosoft and Windows are registered trademarks of
Microsoft Corporation.
Santoprene is a registered trademark of

Monsanto Corperation

Intel and Pentium are registered trademarks of

INTEGRATED WIRELINE
COMMUNICATIONS
® Integrated microphone and
speaker for voice communications
® 33.6 Kbps v.34 Group 3 fax/data
modem

INTEGRATED WIRELESS
COMMUNICATION OPTIONS
m CDPD/Cellular radio network
for voice & data
m ARDIS network
® BellSouth Wireless Data network

OPTIONS
m Vehicle charger with lighter adapter
= Stand alone spare battery pack

charger

a Vehicle cradle with lock, power,
and serial port

® External 3.5" floppy drive

m External CD-ROM

® External antenna option with
vehicle cradle

m Canry cases for systemn and
accessories

® Bar-Code lager scanners

# Vehicle cradle with CD-ROM

INTEGRATED TELEPHONE LINE
TESTING OPTION
u T-BERD 109XC Subscriber Loop
Analyzer accessed by software running
under Windows® 95
= Full-function POTS subscriber
line tester
m Time Domain Reflectometer {TDR)
m Narrowband TIMS
= Basic-rate ISDN tester

LONG-LIFE CASE DESIGN

B Die Cast Magnesium for all structural
components

® Integrated Santoprene® shock
absorption

® Case design integrates vehide cradle
connection

m Full environmental and RF seal

® Zinc door on PC cardslot

ENVIRONMENTAL CHARACTERISTICS
8 Operating temperature range: -4 {0
140° Fahrenheit (-20" to 60° Celsius)
® 54 repeated 1M drops on all surfaces,
edges and corners per MIL §TD
810E, 516.4, Proc. IV {30" with
intergrated T-BERD 109XC)
® Rain at 4 in./hr. at approximately
40 psi for 40 minutes per axis for all
axes per MIL STD 810E, 506.3, Proc. Il
® Vibration of .04g?/Hz over 20-
1000Hz random

INTRINSIC SAFETY
m Class 1, Division 2, Group D

IrRONIX

shile Worktoree Sysiems Company

» %/ DYNATECH compary

01998 Itronix Corporation

V.13M 10/98

801 South Stevens Street, Spokane, WA 99204
509.624-6600 1-800-441-1309
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APPENDIX B

Antenna Specifications

FCC Rule Part 47CFR §2.1091 . Ruggedized Wireless Laptop
November 13, 1998 Page 19 Project #: ITRB-X-C 6250 Tarsen NM(Q900-3106




WL

o ®
il S
D
NMO 800

CH 8PG BASE/WH ENCA.5dB
880960 MHz .100 DIA CHR
WHIP

e e (o LOrsert
« £
W




EXHIBIT FIVE

MPE REPORT
External SdB
Larsen Vehicle-Top
Mounting Antenna

ITRONIX CORPORATION




SUHIRLT

PROIICT

[ Iy

(%300 W
CLIENT:
PROJCT ¢

ALDRIRNS;

PREPAREY HY:

APPROVED MY

RETIFASED BY:

51 Spectrum Way
Nepean, Ontanio
K2R 1E6 Canada

ENGINEERING REPORT

Maximum Permissible Exposure Evaluation with Respect 10
FCC Rule Part 47CFR §2.1091

Ruggedized Wireless Laptop with Vehicle Cradle and External 5dB Larsen
Vehicie-Top Mounting Antenna

X-C 6250 Laptop and EF5T900SNMO Antenna

Itronix Corporation

ITRB-X{6250 Larsen EESTO00SNMO-3107

801 South Stevens Street
Spokane, WA
USA 99204

APREL Laboratorics,

Regulaiory Compliatice Division

! £ o .
[/ [P A ¥E

Lt o et PATE:
Y. 1aut 43, Cardmal
Diredor, Laburatory Upuratims
ht L .
i ; . dr s i
il " . ' R . o o# 2
I lr.l;m:}. § Woujoh, 1 ing. )
I

T el ($12) 820 27X
Fax {513) 820 4181
e-mal; infof@aprel com

i

Simno U85




SUBJECT:

PRODUCT:

FCCID #:

MODEL:

CLIENT:

PROJECT #:

ADDRESS:

PREPARED BY:

APPROVED BY:

RELEASEDBY:

51 Spectrum Way
Nepsan, Ontario
K2R 1E6, Canada

ENGINEERING REPOQRT

Maximum Permissible Exposure Evatuation with Respect to
FCC Rule Part 47CFR §2.1091

Ruggedized Wireless Laptop with Vehicle Cradle and External 5dB Larsen
Vehicle-Top Mounting Antenna

X-C 6250 Laptop and EF5T900SNMO Antenna

Itronix Corporation
ITRB-XC6250 Larsen EFSTO00SNMO-3107
801 South Stevens Strect

Spokane, WA
USA 99204

APREL Laboratories,
Regulatory Compliance Division

DATE:

Dr. Paul G. Cardinal
Director, Laboratory Operations

_ DATE:

Dr. Jacek J. Wojcik, P.Eng..

7 Tel. (613) 820 2730
Fax (613) 820 4161
o-mail: info@aprel com




FCC ID:

Client : Itronix Corporation

Equipment : Ruggedized Wireless Laptop with Vehicle Cradie with External 5dB Larsen
Vehicle-Top Mounting Antenna

Part No. : X-C 6250 Laptop and EFST900SNMO Antenna

Serial No. : 37466

ENGINEERING SUMMARY

This report contains the results of the maximum permissible exposure (MPL) evaluation performed
on the equipment under test (EUT) which was comprised of an Itronix Model X-C 6250
ruggedized wireless laptop with a Model CRDL, RF ASSY vehicle cradle, and an external 5dB
Larsen Model EFST900SNMO vehicle-rooftop mounting antenna. The (ests were carried out in
accordance with the applicable requirements of FCC rules found in 47CFR §2.1091 and the
standards ANSVIEEE €95.1-1992 and C95.3-1992.

The methodology and results for the test are described in the appropriate section of this report.

The EUT will not exceed the MPE requirements for the 896 - 901MHz band. The maximum
power exposure level measured at 20cm was 0.44 mw/cm®.
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ACRONYMS
EUT Equipment Under Test
I'CC Federal Communications Commmission
MPE Maximum Permissible Exposure
N/A Not Applicable
NTS Not To Scale
OATS Open Area Test Site
OEM Origina) Equipment Manufacturer
QA (Quality Assurance
RIM Rescarch in Motion
FCC Rule Part 47CFR §2.1091 Ruggedized Wireless I.aEl()E
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1.0 INTRODUCTION

1.1 General
This report describes the Maximum Permissible Exposure (MPE) lests an Itronix Model X-
C 6250 ruggedized wireless laptop with a Model CRDL, RF ASSY vehicle cradle, and an
oxternal SdB Larsen Model EFST900SNMOQ  vehicle-rooftop mounting antenna, the
combination hereinafter called the EUT (Equipment Under Test).

1.2 Scope
MPE evaluation was performed on the EUT in accordance with the requirements of the
FCC rules for REF compliance found in 47CFR §2.1091 and the standard ANSVIEEE
(95.3-1992, TEEE Recommended Practice for the Measurement of Potentially Hazardous
Electromagnetic Ficlds — R and Microwave. This Enginecring Report contains the
following:
1.2.1 Methodology as to how the tests were performed.
1.2.2 Test results and analysis.
1.2.3 Identification of the test equipment used for the testing.
1.2.4 Test set-up diagram.

1.3 Schedule
The MPE tests were completed on November 11, 1998.

2.0 APPLICABLE DOCUMENTS
FCC Rule Part 47CFR §2.1091
ANSVIEEE (95.1-1992, IEEE Standard for Safety Levels with Respect to Human
Exposure to Radio Frequency Electromagnetic Fields, 3kHz to 300GHz.
ANSVIEEE (95.3-1992, IEEE Recommended Practice for the Measurement of Potentially
Hazardous Electromagnetic Fields — RF and Microwave.
OFET Bulletin 65 (Edition 97-01), Evaluating Compliance with FCC Guidelines for Human
Exposure to Radiofrequency Electromagnetic Fields.

FCC Rule Part 47CFFR §2.1091 Ruggedized Wireless Laptop
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3.0

4.0

4.1

4.2

4.3

4.4

TEST SAMPLE
The MPE tests described in this procedure was performed on:

Itronix Model X-C 6250 Cross Country ruggedized wireless laptop (see specification
sheets in Appendix A), S/N 374666, Config BBBEBAAADA-DZABA-ABP.
_ Itronix Mode! CRDL. RE ASSY 2081 vehicle cradle, P/N 50-0057-001 /4, S/N 303242.
- Larsen Model EFST900SNMO 5dB vchicle-mounting antenna (sec specification sheets
in Appendix B).

GENERAL REQUIREMENTS
Location of Test Facilities

The tests were performed by APREL Laboratories al APREL’s test facility located in
Nepean, Ontario, Canada. The laboratory operates a 3 and 10 meter Open Arca Test Site
(OATS) measurement facility. The test site is calibrated to ANSI C63.4-1992.

A description of the measurement facility in accordance with the radiated and AC line
conducted test site criteria in ANSI C63.4-1992 is on file with the Federal Communications
Commission and is in compliance with the requirements of Section 2.948 of the
Commissions rules and regulations. APREL’s registration number is 31070/SIT(1300F2).

APREL is accredited by Standard Council of Canada, under the PALCAN program (ISO

Guide 25). All equipment used is calibrated or verified in accordance with the intent of

AQAP-6/MIL-STD-45662. APREL is also accredited by Industry Canada (formerly DOC)

and recognized by the Federal Communications Commission (FCC).

Personnel

Radiation Hazard technical staff member, Heike Wuenschmann, carried out all MPE tests.

Failure Criteria

The equipment under test was considered to have failed if any of the following occurred:
When the MPE limits excecded those permitted by appropriate limits defined by the

FCC.

Power Source Required

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laplop
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The following nominal DC Power was maintained during the test:

Voltage: 12 VDC.
4.5 Tolerance
The following tolerances on test conditions, exclusive of equipment accuracy, were
maintained:
Voliage: + 10%.
50 TEST INSTRUMENTATION & CALIBRATION
5.1 General
APRE]. Iaboratories, located in Nepean, Ontario is equipped with the necessary
instrumentation to ensure accurate measurement of all data recorded during the tests
outlined in this document. To ensure continued accuracy, each instrument is re-calibrated
al intervals established by APREL and based on standards traceable to the National and
International Standards. Accuracy surveillance is a function of APREL Quality Assurance.
5.2 MPE Test Equipment Required
The test equipment required to perform the MPE testing was selected from the equipment
available at APREL.
53  Calibration Requirements
All test equipment instrumentation required for MPE qualification testing was calibrated
and controlled.
FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop

November 13, 1998 Page 7 Project #: TTRB-X(C6250 Larsen EF5TO00SNMO-3107




6.0 ELECTRICAL/MECHANICAL DESCRIPTION
The MPE Test Program was performed an Itronix ruggedized wireless laptop, containing a
RIM 2 watt OEM radio-modem transceiver, equipped with a vehicle cradle and external
Larsen vehicle-top mounting antenna, the combination hercinafter called the EUT. The test
sample consisted of the components supplied by the customer and described below.
6.1  Test Unit Description
The Itronix ruggedized wireless laptop, containing a RIM 2 watt OEM radio-modem
transceiver, equipped with a vehicle cradle and external Larsen vehicle-rooftop mounted
5dB antenna, consisted of the following componcnts:
Part Number Description
X-C 6250 398C Jtronix ruggedized wireless laptop
CRDL, RF ASSY 2081 Itronix vehicle cradle
SRB01519/9743D59235 RIM execution lock device for radio
tools
EF5T900SNMO Iarsen vehicle-rooftop mounted 5dB
antenna
0820-0004 6 Gates 2V 25AH BC DC celis
6.2 MPE Test Setup
a) The EUT antenna shall be installed in the centre of a ground plane simulating the
rooftop of a vehicle. The other components shall be located underneath this ground
plane to simulate operation from inside of the vehicle (sce Figures 6.2.1 and 6.2.2).
b) The vehicle simulator shall be positioned on the turntable in the OATS in such a way
that the antenna will be located on the centre of rotation.
<) The EUT shall be connected to the 12 VIDC power supply.
d) For the selection and placement of the measuring probe, the requirements of
ANSVIEEE (C95.3-1992 shall be met.
FCC Rule Part 47CER §2.1091 Ruggedized Wircless Laptop
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Figure 6.2.2. Elevation View of the Setup.
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7.2

7.3
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MAXIMUM PERMISSIBLE EXPOSURE (MPE) TEST

Purpose

This test method is used to verify that the EUT meets the MPE requirements as defined in
the criteria for gencral population/uncontrolled exposure when operating at maximum

power levels and in all operating modes.

Test Equipment

Description Manufacturer Model No.

I:-Field Probe Narda 8021B

Criteria

Power Density Limits — The EUT shall not gencrate a power density beyond the limits in
the frequency band listed in the left hand column of Table 7.3.1, and the power density
given in the right hand column. The power density shall be measured 20 cm from the
radiating antenna axis above the vehicle-top simulating ground plane, as well as in the
approximate location of the head of possible vehicle drivers or passengers below the ground
plane (sce Figure 7.3.1). The measured values shall be recorded.

Table 7.3.1

Power Density Limits
for General Population/Uncontrolled Exposure

Frequency Power Density
Range (mWIcmz)

300 - 1500 MHz §/1500
Note: f = frequency in MHz

The measurements shall be performed at one transmitting frequency, the highest of the high,
middle or low channels, with the EUT operating at the full rated output power.

FCC Rule Part 47CFR §2.1001 Ruggedizcd Wireless LaEtDE
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Figure 7.3.1. Plan View of Vehicle Simulator and Setup.

FCC Rule Part 47CFR §2.1091 Ruggedized Wircless Lapto
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7.4 Test Procedure

a) The probe shall be positioned close to, and parallel to, the vehicle rooftop simulation
with its tip 20 cm from the radiating antenna, and its axis normal to the antenna.

b) Rotate the turntable so that the probe is at the 0° position (see Figure 7.3.1).

c) Turn on the EUT and allow a sufficient time for stabilization. Tumn on the
transmitter and simulate normal operation conditions. Operate the transmitter at full

rated output power.

d) Determine the location of the maximum power density: locate the maximum
emissions by scanning vertically along the EUT’s antenna. Take and record
measurements of the power density at a number of points atong the length of the
antenna as well as just past its tip.

e) At every 45° of rotation take and record a measurement of the power density al the
maximum power density height as for at least the following locations:

+  half the maximum power density height
« height halfway between the maximum power density height and the tip of the

radiating antenna
» just above the tip of the antenna

N Turn off the EUT.

2) Position the probe under the vehicle roofiop simulating ground plane in the
approximale location of the centre of the head of a potential driver of the simulated
vehicle (see Figure 7.3.1).

h) Turn on the EUT and allow a sufficient time for stabilization. Turn on the
transmitter and simulate normal operation conditions. Operatc the transmitter at full
rated oulput powcr.

i) Take and record the measurement of the power density at this location.
P Turn off the EUT.

k) Repeat steps g) through j) for the positions of the other potential occupants of the
simulated vehicle as shown in Figure 7.3.1.

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
November 13, 1998 Page 12 Project # TTRB-XC6250 Larsen EFST900SNMO-3107
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7.5 Results

Table 7.5.1 presents the results of the measurements made along the length of the antenna
in order to find the locatjior-of the maximum power density (the Larsen EFST900SNMO
antenna has a height mé%m; c¢m). Column 1 shows the height at which the measurements
were taken and columa 2 shows the result (“total” indicates that this is the sum of the
power density measured by each of the three orthogonal sensors in the probe). The cable
loss associated with the supplied 15.5ft Belden 8219 cabie was adjusted to the nominal loss
for a 6 foot length. Column 3 indicates the correction for the excess cable loss (9.5ft x
0.138 dB/ft) that was applied o measured power density (column 2) to obtain the final
adjusted power density.

The data in Table 7.5.1 is presented in Figure 7.5.1.

Power Density of Larsen EFST900SNMO Antenna
with Itronix XC6250 Computer - 6th November 1998

T — o % totaicomscisd by casle 0ss
MPE
08 - e e - e S| —e—total

07 - S e [ I e e —

05 , [P

Power Density [mW/cm?)]

04 i -
03 i
024

01

0 10 20 0 40 50 80 70 80 90 100
Height abovae the roof [cm}

Figure 7.5.1

FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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Table 7.5.1

Power Density Measured at 0° as a Function of Height

Height Total | Excess cable loss | Adjusted total [ MPE Limit
[cm] [mW/em®) [dB] [mW/cm®] [mW/cm®]
2 0.14 1.31 0.19 06
4 0.23 1.31 0.32 06
6 0.41 1.31 0.55 0.6
8 0.49 1.31 0.66 0.6
10 0.50 1.31 0.68 0.6
12 0.47 1.3 0.63 0.6
14 0.40 1.31 0.54 0.6
18 0.30 1.31 0.41 0.6
18 0.21 1.31 0.28 0.8
20 0.19 1.31 0.26 0.6
22 0.27 1.31 0.36 0.6
24 0.28 1.31 0.37 0.6
26 0.22 1.31 0.29 0.6
28 019 1.31 0.26 0.6
30 0.17 1.31 0.23 06
32 0.15 1.31 0.21 0.6
34 0.21 1.31 0.29 0.6
36 0.14 1.31 0.19 0.6
38 0.19 1.31 0.26 0.6
40 0.20 1.31 0.27 0.6
42 013 1.31 017 0.6
44 0.11 1.31 0.15 0.6
46 0.08 1.31 0.1 0.6
48 0.09 1.31 0.13 0.6
50 0.10 1.31 0.13 0.6
52 0.11 1.31 0.16 0.6
54 0.09 1.31 012 0.6
56 0.04 1.31 0.06 0.6
58 0.03 1.31 0.04 06
60 0.01 1.31 0.01 0.6
62 0.01 1.31 0.01 0.6
64 0.00 1.31 0.00 0.6
66 0.00 1.31 0.00 0.6
68 0.00 1.31 0.00 0.6
70 0.00 1.31 0.00 0.6
72 0.02 1.31 0.03 0.6
74 0.04 1.31 0.05 0.6
76 013 1.31 0.17 0.6
78 0.00 1.31 0.00 0.6
80 0.12 1.31 0.16 0.6
82 0.00 1.31 0.00 0.6
84 0.03 1.31 0.04 0.6
86 0.07 1.31 0.10 0.6
88 0.04 1.31 0.06 0.6
90 0.00 1.31 0.00 0.6
92 0.01 1.31 0.01 0.6
FCC Ruie Part 47CFR §2.1091 Ruggedized Wircless Laptop
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Table 7.5.2 presents the results of the measurements made around the antenna at every 45°
of rotation. Column 1 shows the angle at which the measurements were taken and columns
2 through 5 show the final adjusted power densily (see discussion surrounding Table 7.5.1)

at the different measurement heights.

The MPL value is determined by averaging the

adjusted total power density along a vertical line up to the height of a tall typical individual,
taken here as 6ft or 180¢m. Since the height for the rooftop of the simulated vehicle is
143cm, then the averaging is over those measurements made between 0 and 37¢m above the
simulated vehicle rooftop. Column 6 shows the results of this averaging.

Table 7.5.2

Power Density Measured
at every 45° as a Function of Height

Angular Adjusted Totai Power Density Average of| MPE Limi
Position| H1fcm] | H2[em] | H3[cm] | H4[cm] | H5[cm] | Values up
5 10 20 36 90 to 37 cm
€] | [mwiem?) | [mwiem?]] [mwrem®] | [mw/em®] | [mW/em?] [mW/em®] | [mW/cm?]
0 0.3966 0.5849 0.3762 0.4212 0.0045 0.4447 0.6
45 0.4007 0.6686 0.2445 0.3459 0.0084 0.4150 0.6
30 0.2867 0.6417 0.2793 0.3036 0.0045 0.3778 0.6
135 0.3705 0.5279 0.1651 0.4182 0.1873 0.3704 0.6
180 0.3033 0.6182 0.1928 0.2348 0.1072 0.3373 0.6
225 0.2275 0.3763 0.1700 0.3635 0.1537 0.2843 0.6
270 0.2063 0.3386 0.0937 0.2373 0.0820 0.2190 0.6
315 0.1851 0.3009 0.0174 0.1111 0.0304 0.1536 0.6
360 0.3966 0.5849 0.3762 0.4212 0.0045 0.4447 0.6
The data in Table 7.5.2 is presented in Figure 7.5.2.
FCC Rule Part 47CFR §2.1091 Ruggedized Wireless Laptop
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Power Density of Larsen EFST900SNMO Antenna
with ltronix XC6250 Computer - 6th November 1998

Power Density (mWIcmz)

0 45 90 135 180 225 270 315 360 |
Angular Position (Degree) ‘

Figure 7.5.2.
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Measurements were made below the simulated vehicle rooftop, in the approximate location
of the centre of the head of potential occupants. It was assumed that this typical position
occurred 17.5cm below the roof of the simulated vehicle (the clearance betwecen the top of
an occupant’s head and a vehicle’s roof is ~37 (7.5¢m) and distance between the top of the
head and the eyes is ~4” (10cm)). Figure 7.3.1 shows the location of measurements for the
4 potential occupants. Table 7.5.3 presents the results of the measurements. Column 1
shows the height at which the measurements were taken and column 2 shows the result
(“total” indicates that this is the sum of the power density measured by cach of the three
orthogonal sensors in the probe). The cable loss associated with the supplied 15.5ft Belden
219 cable was adjusted to the nominal loss for a 6 foot length. Column 3 indicates the
correction for the excess cable loss (9.5ft x 0.138 dB/ft) that was applied to measured
power density (column 2) to obtain the final adjusted power density.

Table 7.5.3

Power Density Mcasured
at Position of Polential Vehicle Occupants

~“Position ~Total | Excess| Adjusted | MPE |
cable Total Limit
loss

[mWicm?] | [dB] | [mW/em’]| [mWicm®]

driver 0.00 1.31 0.00 0.6
ffront passenger 0.00 1.31 0.00 0.6
[irear left 0.01 1.31 0.01 0.6
||rear right 0.00 1.31 0.00 0.6

8.0 CONCLUSION

The EUT consisting of an Itronix Model X-C 6250 ruggedized wircless laptop with a
Model CRDI., RF ASSY wvehicle cradle, and an external 5dB Larsen Model
EIST900SNMO vehicle-rooftop mounting antenna will not exceed the MPE requirements
for the 896 - 901MHz band. The maximum power exposure level measured at 20cm was
0.44 mW/cm’.

FCC Rule Part 47CFR §2.1091 . Ruggedized Wireless Laptop
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APPENDIX A

Transmitter Specifications
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A High Performance Wireless Worktool

*
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% for Field Computing

Directly impact workforce productivity and profits with the Itronix X-C 6250 - a fullj,v ruggedized,

wireless computer designed specifically to deliver results in the most demanding field applications.

The X-C 6250 is built tough to withstand the shock of repeated drops and remain operational under
extreme temperatures, vibration, liquid, and exposure to the elements. When equipped with wireless
communications, highly mobile field workers can use the X-C 6250 to collect, communicate and
manage account information in real time while at a customer’s site. Sophisticated power management
systems deliver computing and communications capabilities all day on a single battery, ensuring
productivity. Additional features for field computing like the 6250's optional touch screen allow workers
the flexibility and ergonomics of both pen and keyboard use in the same platform.

Reach the next plateau in servicing your customers with Itronix. The leader in mission-critical mobile

computing selutions.




GHLIGHTS

YOMI Iz Intel Pentium
0Cessor
tegrated wireless data
mmunications
mference quality
veakerphone
sth touch screen &
yboard input
lly ruggedized,
tally seated
ccellent outdoor
ewable display
ety of carrying options
d locking vehicle docks
ywer management system
r all day battery use
1GB or 3.2GB ruggedized
ard drive

olor and monochrome
isplays up to 10.4”

URES AND
IFICATIONS

COMPACT SIZEfWEIGHT
m Length: 10.5" (26.7cm})
m width: 7.5" or 8.1* {19.1 o1
20.57cm} screen size dependent
u Depth: 3.0" [7.6(311%
& Weight: 6.9 or 7.18 Jbs. (3.1 or
3.25 kg) screen size dependent

PROCESSOR/MEMORY
® 200MHz Pentium® with
MMX technology
® 16 to 48 MB RAM

STORAGE
= 2.1GB or 3.2GB 2.5" ruggedized
hard drive

POWER
® 3.5 Ahr high capadty NiMh battery pack
= Smart battery with accurate gas gauge
m 4 hour rapid charge

DISPLAY
® SVGA color 800 x 600 pixel
10.4" diagonal display
{touch screen optional)

B VGA monochrome 640 x 480
ixel 8.2" diagonal transflective
acklit display

m Shock mounted

® Long-life hinge

® Automatic temperature

compensation

INPUT DEVICES
m Keyboard — 93% standard key spacing
user replaceable
® Pointing Stick - pressure sensitive
with two button input
# Touch Saeen - optional passive pen
or finger touch capable

OPERATING SYSTEM
& Microsoft® Windows® 55
® Micosoft® Pen Computing for
Windows® 95

INTERFACES

a Powered 115Kbps 16550
compatible serial port

8 ECP/EPP parailel port

m Built-in RJ-11 phone jack - externally
accessible

m Accepts 2 Type lor Il or
1 Type WL PC cards

m External video connector

In our constant effort to improve products and systems,
Ityomix Corporation reserves the right to change or modify

foature and specification without riotice. ltronix is & regissered

trademark of Itronix Corporation.

Copyright ©1998 itronix Corporation

Microsoft and Windows are registered trademarks of
Microseft Corporation.

Sanioprene is a registered trademark of

Monsanto Corporation

Intel and Pentium are registered trademarks of

INTEGRATED WIRELINE
COMMUNICATIONS
B Integrated microphone and
speaker for voice communications
= 33.6 Kbps v.34 Group 3 fax/data
modem

INTEGRATED WIRELESS
COMMUNICATION OPTIONS
m CDPD/Cellular radio network
for voice & data
m ARDIS network
m BellSouth Wireless Data network

OPTIONS

® Vehicle charger with lighter adapter

m Stand alone spare battery pack
charger

u Vehicle cradle with lock, power,
and serial port

w External 3.5" floppy drive

m External CD-ROM

m External antenna option with
vehicle cradle

® Canry cages for system and
accessories

m Bar-Code laser scanners

® Vehicle cradle with CD-ROM

INTEGRATED TELEPHONE LINE
TESTING OPTION
& T-BERD 109XC Subscriber Loop
Analyzer accessed by software running
under Windows® 95
m Full-function POTS subscriber
line tester
m Time Domain Reflectometer (TDR)
® Narrowband TIMS
& Basic-rate ISDN tester

LONG-LIFE CASE DESIGN

u Die Cast Magnesium for all structural
components

m Integrated Santoprene® shock
absorption

w Case design integrates vehicle cradle
connection

m Full environmental and RF seal

m Zinc door on PC cardslot

ENVIRONMENTAL CHARACTERISTICS
m Operating temperature range: -4° to
140" Fahrenheit (-20" to 60° Celsius)
1 54 repeated 1M drops on all surfaces,
edges and corners per MIL §TD
810E, 516.4, Proc. IV (30" with
intergrated T-BERD 109XC)
m Rain at 4 in./hr. at approximately
40 psi for 40 minutes per axis for all
axes per MIL STD 810E, 506.3, Proc. III
# Vibration of .04g?/Hz over 20-
1000Hz random

INTRINSIC SAFETY
1 Class 1, Division 2, Group D

iTRONz X

Workforce Systems Company

» %/ DYNATECH compery

©1998 Itronix Corporation

VI 3M 1098

801 South Stevens Street, Spokane, WA 93204
509-624-6600 1-800-441-1309
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APPENDIX B

Antenna Specifications
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MUF 800/900 MHz Chrome Coil Series | -

806-940 MHz, 3dB/5dB Gain

h a taperad loading coll jackst, chromn:
n coil rod or o

s 77

ur heavy-duty Low Profile Base wil

This MUF Saerles features o
y-duty slainless stael spring. Available with gither an ope

fittings and an optional heav
coil rod design.

Faatures:
Low Profi
Triple plated brass fittings for superior

le double-sealed housing for maximum weatherproofing
performance and durability in the toughest environmia:i

*
e Factory tuned for SMR; field tunable for Cellular modals
e 1-1/8"-18 mounting threads mate with all 3/4" MAXRAD mounts

Electrical Specifications Mechanical Specitications
Radiator Material:

Maximum Power:

150 Watts . ,100" dia. stainless steel
VSWR at Resonant Point: Optional Spring:

<1.5.1 Stainless steel
Nomina! Impedance: Phasing Coil Housing:

50 Ohms Moided polymer jacket with coppar, nic
Antenna Type: chrome plated brass bushings

Base Coll Housing:

3dB - 5/8 wave over a 1/4 wava
5dB - Dual 5/8 wave over a 1/4 wave Molded tapered jacket with copper,
nicke! and chrome plated brass bushr:
800 MHz Antenna Height:
adB- Approx. 15 1/2" at lowest fregr
5dB- Approx. 25° at lowest [raquens
900 MHz Antenna Height:
3dB- Approx. 14" at lowest frequenc
5dB- Approx. 25" at lowest freqiw

MUF-8103 Series
List Price List Price
Fectoty UstPrice Chrome  List Price Black
Frequency Tuned Chrome Modelsw/  Black  Moduls v/
Mode| # Range Frequency Red/Coll Type Galn _ Models Spring Models Spring
MUF-8103(5) §06-886 MHZ 815 MHZ ColtnearOpen 3B $24.14 $34.14 NIA N*&
MUF.8003(S) BOG-996 MHz 815 MH: Collinear/Closed 308 $29.40 $30.40 N/A 2 5
“ MUF-9103(S) 896-940 MHz B9B MMz  ColinearOpen 3B $24.14 $34.14 N/A fo s Pan
MUF.9003(S)  8A6-940MHz 808 MMz Colineat/Closed 348 $29.40  $39.40 N/A Nia o
MUF-8105(5) B0G-B66 MHz B13 MHz TrilincarOpert  5dB $33.34 $43.44 N/A NA
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1.0 INTRODUCTION

1.1  Purpose and Scope of the Standard

The purpose of this document is to standardize the recipe for simulated muscle and brain
tissue, and the calibration of the simulated tissue. This Standard includes procedures to be
followed in making and calibrating simulated biological tissues to be used for Specific
Absorption Rate (SAR) measurements.

This Standard defings:

_ the methodology and procedures to be followed in the laboratory calibration of the
simulated tissues

- the hardware and software required, the test procedures, and, where applicable, the
required limits for calibration of simulated tissues.

In addition to recipes for simulated brain and muscle tissues, this Standard also includes
tests to determine the following parameters:

1. Density
2. Heat Capacity
3. Dielectric Constant and Conductivity

This Standard is part of a Certification Program Methodology as described in a separate
document entitled "SSI/DBR TP-D01-030, Specific Absorption Rate (SAR) Standard For
Portable Telecommunications Devices, March 1998". SSIVDBR TP-D01-033 contains
specific criteria that must be met for SAR certification.

1.2  Test Facilities

All calibration work as described in this Standard shall be performed at an ISO/IEC Guide
25 accredited laboratory.

1.3  Test Personnel

Personnel performing the calibration will be experienced in relevant measurcments (eg
physical properties or RF characteristics) and supervised by a person proficient in SAR
measurements.

Comments and inquiries should be addressed to. Ref+ Project U404-7-0016 - 1997
RE Dosimetry Research Board (DRB)
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R 1E6
Tel. (613) 820-647} Fax (613) 820-4161
¢-mail: inform@specirum-sciences.org




SSI/DRB-TP-D01-033 Spectrum Sciences Institute g

RF Dosimetry Research Board 2. &

Pagc 4 of 21

1.4 Test Equipment

The required test equipment, hardware and software, is identified is each individual
procedure. Equipment may be substituted or updated from time to time. Should this
occur, such change shall be noted in the test report. Fquipment shall be calibrated to
standards traceable to International Standards.

1.5 Standard Environmental Conditions

All measurements and calibration should be performed under normal laboratory conditions
for physical properties and electrical characteristics as stipulated by ISO/IEC Guide 25.
The nominal temperature for physical property measurements and for electricat

characterization are 20°C and 23°C, respectively.

2.0 BACKGROUND

In order to perform measurcments of specific absorption rates (SAR) of electromagnetic
energy in human brain tissue, it is necessary to usc models that simulate the electrical
properties of real tissue. It is also important that those models are reproducible, long
lasting, non-corrosive, and easy to produce and use. Mixtures have been developed that
simulate the clectrical properties of various biological tissues for various frequency ranges
between 100 — 2,450 MHz. This mixiure is a practical simulation of biological tissue,
however, requires different proportions of sugar, water, salt, hydroxyethylcellulose (HEC)
and a bactericide, for different frequency ranges. The solution is easy to produce, and
fairly inexpensive. Its electrical properties can be altered 1o maich many tissue types, at
different frequencies. For certain frequency ranges, the conductivity of the mixture, ¢ven
without the presence of salt, will be higher than some of the biological tissues. This will
lead to a conservative overestimation of the SAR value. Another advantage of the
solution is that its liquid form allows easy positioning of the E-field probe within the
phantom. The shelf like of such simulated tissue is rcasonably long (weeks) with the
addition of the bactericide. Additional precautions (covering, stirring, filtering) may
extend the useful to over six months.

Comments and inguiries should be addressed to: Ref: Project 404-7-0016 -1997
RF Dosimetry Research Board (DREB)
Spectrum Sciences Institute
51 S$pectrum Way, Nepean, Ontario, Canada K2R 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
¢-mail: inform @spectrum-sciences.org
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3.0 REFERENCES

- “Simulated Biological Materials for Electromagnetic Radiation Absorption Studies”,
G.W. Hartsgrove et al, Bioelectromagnetics, vol. 8, pp. 29-36, 1987.

- “Suggestions Prepared Following the CENELEC Document”, N. Kuster ct al,
Attachment 9, Minutes IEEE Standards Coordinating Committee —34, Subcommittee —
2, May 2, 1997 meeting.

- *“Calibration for Implantable E-field Probes in Human Equivalent Material”, Narda
Microwave Corporation, Feb. 11, 1997,

. Private communication, Motorola, Fort Lauderdale, L and Libertyville, IL, 1997.

-~ “Compilation of the Dielectric Properties of Body Tissue at RF and Microwave
Frequencies”, C. Gabriel, Brooks Air Force Technical Report AL/QE-TR-1996-0037.

4.0 RECIPE AND PREPARATION

4.1 Ingredients

The following table contains recipes for simulated muscle and brain tissues for 100 MHz -
1GHz. This gives approximate quantities required to achieve electrical parameters
specified in section in Section 5

Table 4.1

Simulated Tissue Ingredients

Ingredient Muscle Mixture Brain Mixture
Waler 52.4 % 40.6 %

Sugar 45.0 % 58.0 %

Salt 1.5 % 1.0 %

HEC 1.0 % 0.3 %
Bactericide 0.1 % 0.1 %

Ref: Praject Ud04-7-0016 -1997
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The following table contains recipes for simulated muscle and brain tissues for 1.5 -2.5
GHz. This gives approximate quantities required to achieve electrical parameters specified
in section in Section 5

Table 4.2

Simulated Tissuc Ingredients |
Ingredient Brain & Muscle Mixture

Water _ 45.3 %

Sugar 54.3 %

Salt 0.0 %

HEC , 0.3 %

Bactericide 0.1 %

Common household salt and sugar are typically used.

4.2 Equipment

The following equipment will be nceded to make the simulated tissue.

Table 4.3

Description Manufacturer Model

Graduated Cylinder BOMEX 2000 ml

Storage Container Various sources 201

Weight Scale Pennsylvania Scale Co. 2 kg

Handling Containers Various sources various

Corrosion Resistant Mixing

Device

Corrwn.e-ﬁt;\‘-;.nd inq#;;}és sh()uEEE;;ddrea's;ti;b.' B o . Ref: Project U;104— 7(;(316 179977

RIF Dosimetry Research Board (DRB)
Specirum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R 1E6
Tet. (613) 820-6471 Fax (613) 820-4161
e-mail: inform @spectrum-sciences.org
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4.3  Preparation

1. Select the appropriate simulated tissue type: Muscle or Brain.

2 From the Tables 4.1 or 4.2 above, determine the percentage of each ingredient for the
volume of 20 liters, calculate the mass of each ingredient assuming that the density of
the final solution is 1300 kg/m’.

3. Verify that the storage container in which the ingredients will be mixed is clean.

4. Obtain the calculated amount of reverse-osmosis or de-ionized water.

5. Pour about 25% of the water into a glass beaker, heat it on a hot plate to almost boiling,
and then add it to the cold water. The objective is to increase the temperature of the
water to approximalely 40" C (100-105°F).

6. Prepare the appropriate quantities of the dry ingredients in separate containers.

When the water is ready, slowly add salt and bacteriacide while stirring at low speed.

8 After the salt and bactericide is dissolved start adding sugar to the container while
stirring continuously at low speed until totally dissolved.

9. Add the HEC slowly to avoid clumping. Continue to stir until the solution thickens.

10. Total stirring time should be 30-35 minutes.

=

50 MEASUREMENT OF THE DIELECTRIC CONSTANT AND
CONDUCTIVITY OF SIMULATED TISSUE

5.1 Test Purpose

Before a batch of simulated tissue can be used for SAR measurements, its electrical
characteristics (dielectric constant and conductivity) must be determined to ensure that the
simulated tissuc was properly made and will simulate the desired human characteristics. A
coaxial slotted line with probe is used to measure RIF amplitude and phase changes versus
distance in the simulated tissue as shown below.

5.2 References

~ “A Comparative Study of Four Open-Ended Coaxial Probe Models for Permittivity
Measurements of Lossy Diclectric/Biological Materials at Microwave Frequencies”
D.Berube, F.M.Ghannouchi, and P.Savard, 1996, IEEE Transactions on Microwave

Theory and Technique 44:1928-34.
- “Broadband Calibration of ¥-Field Probes in Lossy Media.” K.Meier, M.Burkhardt,
T.Schmid, and N.Kuster, 1996, IEEL Transactions on Microwave Theory and

Techniques. 44:1954-1962.

Comments and inquiries should be addressed to.
RF Dosimetry Research Board (DRB)
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R TE6
Tel. (613) 820-6471 Fax {613) 820-4161
¢-mail; inform@spectrum-sciences.org

Ref: Project U4(04-7-0016 -1997



SSI/DRB-TP-P01-033

Page 8 of 21

Spectrum Sciences Institute
RF Dosimetry Research Board # &

. “Coaxial Line Reflection Methods for Measuring Dieleciric Properties of Biological
Substances at Radio and Microwave I'requencies — A Review”, M.A. Stuchly and S.S.
Stuchly, 1980, IEEL Transactions of Instrumentation and Measurement, 29:176-183.

. SAR Measurement Operational Guide, O.M. Garay and Q. Balzano, 1995, Motorola,

Florida Corporate Electromagnetics Research Laboratory, Fort Iauderdale, IFlorida.

- FCC Dielec.exe computer program.
. CRC Handbook of Chemistry and Physics , R.C.Weast, M.I. Astle, and W.H.Beyer

(Eds.), 1996, CRC Press Inc., Boca Raton, I'lorida.

5.3 Definitions

dielectric constant: the ratio of the capacity of a condenser with that substance as
dielectric to the to the capacity of the same condenser with a vacuum for dielectric. Itis a
measure of the amount of electrical charge a given substance can withstand at a given
electric field strength.

conductivity: the quantity of electricity transferred across unit area, per unil potential
gradient, per unit time.

5.4 Standard Values Required

The dielectric constant and conductivity of simulated brain tissue should be 46.1

and 0.74 $/m?, respectively.

Table 5.1

Tissue Ingredients

Frequency Tissue Type | Dielectric Constant g Conductivilty ©
(MHz) (S/m)
835 Brain 41.2 0.90
Muscle 54.7 1.38
915 Brain
Muscle
1900 Combined 41.0 1.70
2450 Combined

Comments and inquiries should be addressed to.

RF Dosimetry Research Board (DRB)
$pectrumn Sciences Institute

51 Spectrum Way, Nepean, Ontario, Canada K2R 1E6

Tel. (613) 820-6471 Fax (613) 820-416
¢-mail: inform @spectrum-sciences.org
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5.5 Test Equipment

Table 5.2

Description Manufacturer Model
Network Analyzcr Hewlett Packard 8510B
Slotted Line Carriage Hewlett Packard 8098
Coaxial Termination Hewlett Packard 908B
Slotted Line Probe APREL SL.P-001]
Miscellaneous Cables and | N/A N/A
Adapters

5.6 Test Configuration

Port 1 Network Port 2
Analyzer

v

Computer

Figure 5.1
5.7 Test Procedure
I. Before using the slotted line, inspect it carefully to be sure the inside is clean and
free of foreign matter.
2. Clean the area about 1 cm wide along each side of the slot. Similarly, clean the

underside of the probe outer structure to ensure a good noise-free contact with the
slotted line. Take care to avoid damage (o the probe center conductor.

Comments and inquiries should be addressed to:
RF Dosimetry Research Board (DRB)
Spectrum Sciences Institate
51 Spectrum Way, Nepean, Ontario, Canada K2R 1ES
Tel. (613) 820-6471 Fax (613) 820-4161
¢-mail: inform@spectrum-sciences. org

Ref: Project U404-7-0016 -1997

o
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3. Using a large syringe, draw up a sample of room (emperature simulated tissue.
FEnsure that the sample is as free as possible of air bubbles, and inject the simulated
tissue into the slot. Make sure that the slot is full of simulated tissue and [ree of air

bubbles.

4. Connect Port 1 of the network analyzer to the probe, and Port 2 to the slotted line.

5. Insert the slotted line probe into the probe holder and tighter the thumbscrew.

6. Move the holder to the end nearest the input connector, making surc that the
simulated tissue is flush with the outside surface of the line. Align one end of the
probe marker with a line on the centimeter scale.

7. Set the network analyzer’s frequency range Lo cover the measurement frequencies
and select the S parameter.

8. Select port-to-port loss measurement and sclect averaging over a sufficient number
of samples.

9. After averaging, place the marker at a frequency of interest and record the level in

the table (one table per frequency) to the nearest 0.1dB.

10. Select phase measurement (averaging should be left on). Place the marker at a
frequency of interest and record in the phase in the table (one per frequency) to the
nearest .1°. ‘

11, Move the probe 0.5cm toward the far end of the line.

12, Repeat steps 7 through 11 until 13 data points (corresponding to 6 ¢cm) have been
measured.

Ref: Project U404-7-0016 -1997

Commenis and inquiries should be addressed to.
RE Dosimetry Research Board (DRB)
Spectrum Sciences [nstitute
51 Spectrum Way, Nepean, Ontario, Canada K2R 1£6
Tet. (613) 820-6471 Fax (613) 820-4161
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5.8 Test Data Table

1. The level and phase can be recorded in the following table (usc one copy per
frequency):

Table 5.3
Frequency: | Date: |

Position Level Phase
{cm) {dB) )

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

2. Execute the Fluid Calibration with Slotted Line.xls spreadsheet and enter the
measured amplitude and phase data as recorded in the table(s). When the data are
plotted (eg Figure 5.2), examine the linearity of the curves 10 judge the validity of
the calculated dielectric constant and conductivity (eg Table 5.4). If only one point
on a curve is out of line, re-measure just that point. If more than one point is wrong,
repeat the entire measurement. Once the data are satisfactory, the calculated values
should be compared with the values in Table 5.1.

3. The measured data, calculated values, and plot must be identified with the type of
simulated tissue, date it was preparcd, frequency, date and name of person
conducting the measurements, and kept in a file.

4, The simulated tissue should be used soon after preparation and characterization of
the dielectric properties, and stored so as 1o prevent evaporation of the waler. After
prolonged use, a sample should be taken for dielectric measurement (o assure there
has been no change in properties. In the absence of biological degradation and
significant evaporation, the simulated tissue can be uscd for several months.,

Comments and inguiries should be addressed to: Ref: Project U4(4-7-0016 - 1997
RF Dasimetry Research Board (DREB)
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
e-mail; inform @spectrum- sciences.org
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Table 5.4
02-Feb-98 Rob Acorn
Brain Mixture @ 835 MHz
Position Amplitude Phase
{em] [dBm] [deg]
0] -37.9 -74.4
05 -39.2 -106.6
1 -40.6 -140.8
1.5 -41.9 -174.3
2 -43.2 152.4
2.5 -44.8 117.7
3 -459 838
35 -47.2 514
4 -48.6 18
45 -50.1 -16.2
5 -51.5 -49.5
55 -52.7 -84.6
6 -53.9 -115.7
£, 4173
Cefiective [S/CITI] 1.103 E‘02

Brain Mixture Calibration @ B35Mhz

77777 © s 400

30 ¢ S JR—

Log Magnitute {dB}

e e - 200

Commenits and inquiries should be addressed to:
RF Dosimetry Research Board (DRB})
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada KZR 1E6
Tel. (613) 820-647]1 Fax (613) 820-4161
¢-mail: inform @spectrum-sciences.org

Ref: Project U/404-7-0016 - 1997
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5.9 Test Data Analysis

The data from the slotted line are used to determine the relative dielectric constant and
effective conductivity (that includes contributions from both dielectric and ohmic
processes) from the following relationships:

2 2
e - B~ -a” )
r mzpeo

20 o

S effective " gy
o and P are determined by averaging, respectively, the attenuation (dB/cm) and phase shift
(deg/cm) over the length of the slotted line. The altenuation and phase shift are each

determined for seven pairs of points. Each of the pairs of points is from measurements
separated by 3 cm. For example (using the data in Table 5.4), the attenuations and phase

shifts at z=1 cm and z=6 c¢m define AdB; and Adeg;:
AdB; =Mag (z=3cm) - Mag (z =0 cm)
=-45.9 dBy, - (-37.9 dB,) =-8.0 dB, and
Adeg; = Phase (z =3 cm) - Phase (z =0 cm)
=83.8 deg - (285.6) deg = -201.8 deg.

In a similar fashion, obtain data for AdB; to AdBe and Adeg; to Adegs and then average
each series to get

7

5 AdB_
o, (dBfem)=2=L_ and

avg 73
7
3 Adegn
oy n=1 o

Bavg (deg/fem) = =

) - Ref: Project U404-7-0016 1997

Comments and inquiries should be addressed to:
RF Dosimetry Research Board (DRB)
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R IEG
Tel. (613) 820-6471 Fax (613) 820-4161
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The values of Qv and Pavy must be converted (o units of {Np/cm) and (rad/cm) using these
relations:

In(10)- ‘avg (dB/cm)

‘avg (Np/cm) = " , and
& (deg/cm)- O
&  (rad/cm)= ave
avg 20

Finally, usc (1) and (2) to obtain g; and Gefrective {TOM Uavg, Bave, and @ = 2xf, where f is the
frequency of the RF field.

Comments and inquiries should be addressed to. Ref: Project U404-7-0016 -1997
RF Dosimetry Research Board {DRB)
Spectrum Sciences [nstitule
51 Spectrum Way, Nepean, Ontatio, Canada K2R 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
e-mail; inform @spectrum-sciences.org
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6.0 MEASUREMENT OF THE SPECIFIC HEAT CAPACITY OF
SIMULATED TISSUE

6.1 Test Purpose

The specific heat capacity of the synthetic tissue liquid is required in the calibration of the
miniaturized isotropic E-field probes used to measure the Specific Absorption Rate (SAR).
A sample of the liquid is exposed to the known field of an RF radiation for a specific
length of time. The liquid will be heated and this heat can be propagated by conduction,
convection, and radiation. In the case of liquids heated from below, gravity convection is
the main and predominant heating mechanism of the fluid mass.

6.2 References

_ Introduction to Physics for Scientists and Engineers, F.J. Bueche, McGraw-Hill Book
Company, New York, 1980.

~ “The Specific Heats of Aqueous Sucrose Solutions”, F.T. Gucker and I.D. Ayres,
1937, American Journal of Chemistry, 59:447-452.

“Electromagnetic Energy Exposure of Simulated Users of Portable Cellular
Telephones”, Q. Balzano, O.M. Garay, and T.J. Manning, 1995, IEEE Transactions on
Vehicular Technology, 44:390-403.

. “Broadband Calibration of E-Ficld Probes in Lossy Media”, K. Meier, M. Burkhardt,
T. Schmid, and N. Kuster, 1996, IEEE Transactions on Microwave Theory and
Technigues, 44:1954-1962.

_ SAR Measurement Operational Guide, O.M. Garay and Q. Balzano, 1995, Motorola,
Florida Corporate Electromagnetics Research Laboratory, Fort Lauderdale, Ilorida.

6.3  Definition

specific heat capacity: the quantity of energy needed to raisc the temperature of a unit
mass by one degree.

Ref: Project U404-7-0016 -1997
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6.4 Standard Value
For brain tissuc simulating liquids the heat capacity should be 2.8 J/K/g +5%.

6.5 Test Equipment

Table 6.1

Description Manufacturer Model

Differential Thermomeler

Containers (2) ' 500 ml

Thermally Insulated Vessel

Weigh Scale Pennsylvania Scale Co. 2kg

Graduated Cylinder BOMEX 2000 ml

Data Recorder

6.6 Test Procedure

Obtain two containers that can be rapidly heated (e.g., glass or suitable plastic).

2. Fill one container with 250 ml of water; the other with the same mass of simulated
tissue. The initial temperature of the water should be the same as that of the
simulated tissue (£1°C). Since we are dealing with heating by electromagnetic
sources at ambient temperature, it is essential that we eliminate the chance of any
direct infrared heating of the tcmperature sensor.

f—

3. To ensure this, position the tip of the sensor 2mm from the bottom of the center of
the container.

4. Turn on the heat source and wait at least 5 minutes for its temperature to stabilize.

5. Record the initial temperature of the water.

6. Place the container of water Smm above the center of the hot plate and monitor the
temperature increase.

7. After 30 seconds of heating, the waler temperature should have incrcased by at
least 5°C. Record the time and temperature.

8. Remove the container from the heat source and place it in the thermally insulated
vessel.

Comments and inquiries should bo addressed 0 " Ref: Project U404-7-0016 -1997

RF Dosimetry Research Board (DRB)
Specirum Sciences lustitute
53 Spectrum Way, Nepean, Ontario, Canada KZR 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
e-mail; inform@spectrum-sciences.org
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9. Stir the liquid thoroughly and record the sieady-state temperature 1-2 minutes after
stirring.
10. Repeat the above procedure using the container of simulated tissue. Ensure that the

container is placed on the same area of the hot plate, is heated for the identical
length of time, and the steady-state temperature is recorded after the identical time

interval.

6.7 Test Data Table

The temperatures can be recorded below.

Table 6.2
Water Tissue
€O ()
Trial Initial 30 120 Initial 30 120
Temp seconds seconds Temp seconds seconds
1
2
3
4
S
6
7
8
9
10

6.8  Test Data Analysis

Since the heat capacity of water is Cy, = 1 cal/°C/g with excellent approximation (~ 1 %) in
the temperature range of interest, the heat capacity (Cy) of the solution is given by

ATy

(:S =Cw N
ATq

where ATw is the temperature increase of water and ATs the temperature increase of the
solution. The ratio of the values, ATw/ATs, should be the same (within the sensitivity of

Commenty and inguiries should beaddressed to:
RF Dosimetry Research Board (DRB)
Spectrum Sciences lustitute
51 Spectrum Way, Nepean, Ontario, Canada KZR 1E6
Tel. (613) B20-6471 Fax (613) 820-4161
e-mail: inform @spectrum-sciences.org

Ref: Project U404-7-0016 - 1997
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the thermomeler) at the end of the heating and stirring. This ensures that the liquids have
been uniformly heated.

6.9 Rationale
C AT = Heat flow x time = Total Heating Lnergy

If the heat flow, sample mass, and absorption (heal transfer) are the same for both liquids,
then

Cw ATw =Cs AT

The heat flow and total heating are kept constant by using the same source for the same
amount of time. If the heat transfer mechanisms for the two liquids are about the same,
with insignificant differences in convective and conductive characteristics, then any
differences in lemperature increase are a direct measure of the specific heat capacity, C.

Comments and inquiries should be addressed to: Ref: Project U404-7-0016 - 1997
R¥ Dosimetry Research Board (DRB)
Spectrum Sciences [nstitute
51 Specirum Way, Nepean, Ontario, Canada K2R 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
¢-mail: inform @spectrum-sciences. org
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70 MEASUREMENT OF THE DENSITY OF SIMULATED TISSUE

7.1  Test Purpose

Before a batch of simulated tissue can be used for SAR measurements, its density must be
determined to ensure that the simulated tissue was properly made and will simulate the
desired human characteristics.

7.2 References

- Introduction to Physics for Scientists and Engineers, F.J. Bueche, 1980, McGraw-Hill
Book Company, New York.

- “Flectromagnelic Lnergy Exposure of Simulated Users of Portable Cellular
Telephones”, Q. Balzano, O.M. Garay, and T.J. Manning, 1995, IEEE Transactions on

Vehicular Technology, 44:390-403.
. “Broadband Calibration of Ei-Field Probes in L.ossy Media”, K. Meier, M. Burkhardt,

T. Schmid, and N. Kuster, 1996, ILEE Transactions on Microwave Theory and
Technigues, 44:1954-1962.

7.3  Definition

density: a measure of the mass contained in a unit volume of the substance.

7.4 Standard Value

For brain tissue simulating liquids the density should be 1.28 g/em’ +2%.

7.5 Test Equipment

Description Manufacturer Model
Weigh Scale Pennsylvania Scale Co. 2kg
Graduated Cylinder BOMEX 2000 ml

Comments and inquiries should be addressed to:
RF Dosimetry Research Board (DRB)
Spectrum Sciences Institute
51 Spectrum Way, Nepean, Ontario, Canada K2R 1E6
Tel. (613) 820-6471 Fax (613) 820-4161
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7.6  Test Procedure

Obtain a clean, dry graduated cylinder.

Place the cylinder on a scale and record its mass when empty.

Pour a sample of the simulated tissue into the cylinder.

Weigh the cylinder with the simulated tissue 10 obtain a total mass.

Subtract the cylinder mass from the total mass to obtain the mass of the tissue.
Record the tissue volume and mass in the table below.

Clean and dry the cylinder and repeat this process for a total of 10 trials.

S o

7.7 Test Data Table

1 The volume and mass can be recorded in the following table:
Mixture Date:
Frequency (MHz):
Empty Measuring Container Mass (g):
Trial Volume Mass Density
(mi) (8) (g/ml)
1
2
3
4
5
6
7
8
9
10

Ref: Project U404-7-0016 -1997
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7.8 Test Data Analysis
The data are used to determine the density of the simulated tissue by means of the

following relation:

m—m,

p =
1%

where p is the density (gfcm’, Note:1 g/em® = 1000 kg/m®)

m is the mass of the container filled with simulated tissue (g)

m, is the mass of the empty container (g)

v is the volume of the simulated tissue (1 cm® =1 ml).

I Ref: Project U404-7-0016 - 1997
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