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Applicant: Research In Mation
Equipment:  BlackBerry World Band

Modd: R6020GW
Standard: FCC 96 —326, Guiddines for Evauating the Environmental Effects of Radio-
Frequency Radiaion

ENGINEERING SUMMARY

This report contains the results of the engineering evaluation performed on the Research In
Motion R6020GW BlackBerry World Band operating in GSM mode . The measurements
were carried out in accordance with FCC 96-326. Scientific and technicd detalls as presented
in IEEE P-1528 were a0 used for the assessment of the device tested. The Device Under
Invedtigation (DUI) was evduated for its maximum power level 30 dB (nomindly). The duty
cyclefor the DUI is12.5 %.

The DUI wastested a low, middle and high channels for the keyboard down and Ieft Sde
for hand exposure, and keyboard up sde with the supplied holster with bt dip for body
exposure The maximum 10g SAR (2.20 W/kg) for hand exposure was found to coincide
with the pesk performance RF output power of channel 661, middle (1880 MHz) for the left
Sde of the device. The maximum 1g SAR (0.32 W/kg) was found to coincide with the pesk
performance RF output power of channe 661, middle (1880 MH2) for the keyboard up side
of the device using the supplied holster with belt dip.

The DUI was tested with and without the heedsat (modd HDW-03458-002). It was found
that the headset reduced SAR for dl permutations, therefore the 1 and 10 gram andysis was
performed without the headst.

The R6020GW has an interna antenna located on the left hand Sde of the device,

Tedt data and graphs are presented in this report.

Based on the test results and on how the device will be marketed and used, it is certified that
the product meets the requirements as st forth in the above specifications, for RF exposure

environmen.

The results presented in this report relate only to the sample tested.
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1. INTRODUCTION

Tests were conducted to determine the Specific Absorption Rate (SAR) for a sample

R6020GW BlackBery World Band. Thee tets were conducted a APREL

Laboratories facility located a 51 Spectrum Way, Nepean, Ontario, Canada. A view

of the SAR measurement sgtup can be seen in Appendix A Fgure 1. This report

describes the results obtained.
2. APPLICABLE DOCUMENTS

The following documents are gpplicable to the work performed:

1) FCC 96-326, Guiddines for Evduding the Environmentd Effects of Radio-
Frequency Radiation

2) ANSI/IEEE C95.1-1999, IEEE Standard for Safety Levels with Respect to Human
Exposure to Radio Frequency Electromagnetic Fdds, 3 kHz to 300 GHz.

3) ANSI/IEEE C95.3-1992, |IEEE Recommended Practice for the Measurement of
Potentidly Hazardous Electromegnetic Fidds— RF and Microwave.

4) OET Bulldin 65 (Edtion 97-01) Supplement C (Edition 01-01), “Evaduding
Compliance with FCC Guiddines for Human Exposure to Radio Freguency
Electromagnetic Fidds'.

5) IEEE P-1528 Draft “Recommended Practice for Determining the Pesk Spatid
Average Specific Absorption Rate (SAR) in the Human Body Due to Wirdess
Communication Devices: Experimental Techniques”

3. DEVICE UNDER INVESTIGATION
R6020GW BlackBerry World Band, pre-production sample, received on December
5, 2001 .

The R6020GW BlackBerry World Band will be called DUI (Device Under

Investigation) in the following test report.
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4.

5.

TEST EQUIPMENT

APREL Triangular Dosmetric Probe Moddl E-010, s/n 154, Asset # 301485
ALIDX-500 Dosmetric SAR Measurement System

Wavetek communication test instrument 4400M, $n 1011020511057

APREL flat Phantom F1, Part # P-V-G8 (overdl shdll thickness 2mm)

APREL 1900 MHz Dipole, /n 020, Asset # 301459

APREL Microwave Power Amplifier 800-4200 MHz, AL-RFA-A, asset # 301467
83640B Hewlett Packard Signal Generator, s/n 3844A 00689, asset #301468

R& S Power Meter, s/n 864268/017, asset # 100851

H-P 767D Dud Directiona Coupler, §n 00401637, asset # 100251

ALIDX-500 SPECIFICATION

The ALIDX-500 Dogmetric SAR Measurement Sysem was developed jointly with
APREL Laboratories and IDX Robotics for use within wirdess development and the
compliance environment. The sydem condds of a Ix axs aticulaed am, and
controller for precise probe pogtioning (0.05mm repeatability). Cusom software has
been developed to enable communications between the robot controller software and
the hogt operating system.

An amplifier is locaed on the aticulated am, which is isolaed from the custom
designed end effector and robot am. The end effector provides the mechanicad touch
detection functiondity and probe connection inteface The amplifier is functiondly
vadidated within the manufacturers gte and cdibraled a NCL  Cdibration
Laboratories. A Daa Acquistion Card (DAC) is used to collect the 9gnd as detected
by the isotropic efiddd probe. The DAC manufacturer cdibrates the DAC to NIST
dandads A formd vdiddion is executed udng dl mechanicd and dectronic
components to prove conformity of the measurement plaiform asawhole.
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The ALIDX-500 has been dedgned to messure devices within the compliance
environment to meet al recognized dandards. The sysem adso conforms to standards,
which are currently being developed by the scientific and manufacturing community.

The coarse stan resolution is defined by the operator and reflects the requirements of
the sandard to which the device is being tested. Precise measurements are made within
the predefined coarse scan area and the vaues are logged. The sample rate for which
the measurements are made is dso predefined and the default is set at 6000 samples per
second devisable by 60 Hz, which acts as a secondary method for iminating noise

A ocomplex dgorithm is then used to cdculate the vdues within the measured points
down to a resolution of 1mm. The data from this process is then used to provide the co-
ordinates from which the cube scan is created for the determination of the one ard ten
gram averages.

Cube scan averaging conads of a number of complex dgorithms, which are used to
cdculae the one, and ten gram averages. The bads for the cube scan process is
centered on the location where the maximum meesured SAR vaue was found. When a
secondary pesk vdue is found which is within 60% of the initid pesk vaue, the sysem
will report this back to the operator who can then assess the need for further andysis of
both the pesk vadues prior to the one and ten gram cube scan averaging process. The
dgorithm conssts of 3D cubic Spline, and Lagrange extrgpolation to the surface,
which form the matrix for cdculating the measurement output for the one and ten gram
average vadues The resolution for the physicd scan integrd is user defined with a find
caculated resolution down to Imm.

Indepth andyss for the differentid of the physcd scanning resolution for the cube
an andyds has been caried out, to identify the optimum sdtting for the probe
pogtioning geps, and this has been determined & 8mm increments on the X and Y
planes. The reduction of the phydcd dep increment increesed the time teken for
andydis but did not provide a better uncertainty or return on measured values.

Prior to the measurement process the operator can insert the parameters for which the
physcd measurements are made, defining the X, Y, and Z probe movement integrds.
For the FCC compliance process both OET 65 “Supplement C* and the IEEE draft
gandard “P-1528" were used to define the measurement parameters used during the
assessment of the device.

The find output from the sysem provides data for the area scan measurements,
physcd and solined (Imm resolution) cube scan with physcad and cdculated vaues

(Imm resolution).
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The overdl uncertanty for the methodology and dgorithms the ALIDX500 used
during the SAR cdculaion was evduaed usng the daa from IEEE P-1528 f3
dgorithm.

a’ & - a? o]

op & 2

+ > -
2(a+ 22)°

fo(x,y,2)= A

The probe used during the measurement process has been assessed to provide vaues
for diode compresson. These vadues ae cdculaed during the probe cdibration
exerdse and are usad in the mathematica caculations for the assessment of SAR

TEST METHODOLOGY

The test methodology utilized in the certification of the DUI complieswith the
requirements of FCC 96-326 and ANSI/IEEE C95.3-1992.

Tg)e E-field is measured with a smdl isotropic probe (output voltage proportiona to
EY).
_ole

[e)
The probeis moved precisdy from one point to the next usng the robot (10 nm
increments for wide area scanning and 8 mm increments for zoom scanninginthe X, Y

directions) and (5.0 mm increments for the find depth profile messurement inthe Z
direction).

The probe traves in the homogeneous liguid Smulating human tissue (musde).

Appendix A contains informeation about the properties of the smulated tissue used for
these measurements.

Theliquid is contained in amanikin smulaing a portion of the human body with an
oveadl gl thicknessof 2 mm.

The DUI is positioned with the surface under investigation againg the phantom with no
separation digance for hand andlyss. For body andyssthe DUI is tested with the
supplied holster and belt dlip.

All tests were performed with the highest power available from the sample DUI under
tranamit conditions.

More detailed descriptions of the test method are given in Section 6 where gppropriate.
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7. TESI RESULTS

71. TRANSMITTER CHARACTERISTICS

The battery- powered DUI will consume energy from its batteries, which may
affect the DUI’ stranamission power characterigics. In order to gage this effect
the output of the tranamitter is sampled before and after each SAR test. Inthe
cae of this DUI, the Tx power was sampled through out the test process. The
following table shows the RF power sampled before and after each of the two
sets of data used for the wordt case SAR in this report.

of Power Readings b
Xposure (dB)
Before After
Hand Coarse 30.27 301 0.17 9
Exposure Fne 30.27 301 | 017 9
Body Coarse 30.29 3015 | 014 3
Exposre  "Hne-body | 3029 3015 | 014 3

Tablel. Sampled RF Power
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72. SARMEASUREM ENTS

1) RF exposureisexpressed as a Specific Absorption Rete (SAR). SARis
cdculated from the E-field, measured in agrid of test points. SAR is expressed
as RF power per kilogram of mass, averaged in 10 grams of tissuefor the
extremitiesand 1 gram of tissue dsewhere. The equation below isa
representation of how SAR can theoreticaly equate.

_dadWo_ deedW o
dtidmy dtEpdvy

2) TheDUI was put into test mode for the SAR messurements by enabling acdl
viathe Wavetek communications test instrument. A SSMM card waslocated in
the DUI to endble the interaction between the Wavetek communications test
ingrument and the DUI. The Wavetek communications test instrument then sent
out acommand for the DUI to tranamit &t full power a the specified frequency.

3) Fgures2& 4in Appendix A show acontour plot of the SAR messurements for
the DUI (channd 661, 1880 MHz) it dso shows an overlay of the DUI’s
outlines, superimposad onto the contour plots.

A different presentation of the same datalis shown in Appendix A Figures3 & 5.
Thisisasurface plot, where the measured SAR vaues provide the verticd
dimengon, which is useful asavisudization ad.

4) Wide area scans were performed for the low, middle and high channels of the
DUI. The DUI was operating a maximum output power (30 dB) with the duty
cyde st a 12.5%. The DUI was placed in dose proximity to the phantom for
the keyboard up (while using the supplied holster and belt dip), keyboard down
and left Sdepermutations. The phantom shdll thicknessis 2 mm overdl.
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Channel
TYPE OF DUI side H eadset Peal L ocal
EXPOSURE LIMH # Freq (MHz)| SAR (W/kg)
Keyboard up Side with balt clip NO LCow 517 1850.2 0.20
Keyboard up side withbdt clip NO Middle 661 1880.0 0.23
Body Exposire Keyboard Up Sde with balt clip NO High 810 T909.8 0.23
Keyboard up side with belt clip YES Low 512 1850.2 0.721
Keyboard up side with belt clip YES Middie 661 1880.0 0.22
Keyboard up side with belt clip YES Hich 810 1909.8 0.23
keyboard down side NO Low 512 1850.2 3.42
Keyboard down side NO Middie 661 1880.0 3.26
Keyboard down sde NO High 810 1909.8 3.58
keyboard down side YES Low 512 1850.2 3.61
Keyboard down side YES Middle 661 1880.0 3.32
Keyboard down sde YES High 810 1909.8 3.97
Hand Exposure Left hand side NO Low 512 1850.2 4.00
L&t hand side NO Middle 661 1880.0 4.39
Left hand side NO High 810 1909.8 3.62
Left hand sde YES Low 512 1850.2 3.92
Left hand side YES Middle o061 1880.0 3.95
Ceft hand Sde YES High 610 1909.6 3.86

Table2. SAR M easurements
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8. USER'SHAND EXPOSURE

All subsequent testing for user’s hand exposure was peformed on channd 661
(1880 MHz) with the left Sdeof the DUI facing up againg the bottom of the
phantom with the headset not atached. This rdaesto the postion and frequency
found to provide the maximum messured SAR vaue

1) Channd 661 (1880 MHZz) was then explored on arefined 32 mm grid in three
dmensons (X, Y & Z) meassuring a 8 mmintegras X & Y and 5 mmintegrds
inthe Z plane so asto create a physical messured point matrix. The sysem then
runs the dgorithms, which completes the matrix of caculated and measured
vaues equivaent to a1 mm resolution.

2) To edtablish the maximum SAR vdues averaged over 1 and 10 gramsthe
software runs a series of Lagrange functions to provide the data for the Z plane.

3) From the caculated matrix which hasa 1 mm resolution a fourth order
polynomid is used to extrgpolate the surface values. The maximum SAR vdue

averaged over 10 grams was found to be 2.20 W/ka.
9. BODY EXPO3URE

All subsequent testing for user’s body exposure was performed on channd 661
(1880 MHz) with the keyboard up sdeof the DUI facing up againg the bottom
of the phantom, usng the supplied holster with belt clip and no headset. This
relates to the postion and frequency found to provide the maximum meesured
SARvdue

1) Channd 661 (1880 MHz) was then explored on arefined 32 mm grid in three
dimengons (X, Y & Z) meaauringa 8 mmintegras X & Y and 5 mm integrals
inthe Z axis S0 asto cregie a physca measured point matrix. The sysem then
runs the agorithm, which crestes amétrix of vaues equivadenttoal mm
resolution.

2) To edadlish the maximum SAR vaues averaged over 1 and 10 gramsthe
software runs a series of Lagrange functions to provide the data for the Z plane.

3) From the caculated matrix which hasa 1 mm resolution a fourth order
polynomid is used to extrapolate the surface vaues. The maximum SAR vaue
averaged over 1 gram was found to be 0.32 W/kg.
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The maximum Specific Absorption Rete (SAR) averaged over 10 grams, determined at
channel 661 (1880 MHz) of the R6020GW BlackBerry World Band, is 2.20 W/kg. The
overdl margin of uncertainty for this measurement is £18.7% (Appendix B). The SAR limit
giveninthe FCC 96-326 Sfety Guiddineis4 W/kg for  hand exposure for the generd

population.

The maximum Specific Absorption Rate (SAR) averaged over 1 gram, determined & channd
661 (1880 MHz) of the R6020GW BlackBerry World Band is0.32 W/kg. The overdl margin
of uncertainty for this messurement is +18.7% (Appendix B). The SAR limit giveninthe

FCC 96-326 Safety Guiddineis 1.6 W/kg for body exposure for the genera population.

10. CONCLUSIONS

Consdering the above, this unit astested, and as it will be marketed and used, isfound to be
compliant with the FCC 96- 326 requiremen.

Tested by: KB Date: December 6, 2001
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APPENDIX A. Measurement Setup, Tissue Propertiesand SAR Graphs

E==!
Figure 1. Setup
Simulated Tissue Material and Calibration Technique

The recipe used to make the tissue was based on that presented in “OET Supplement C”
modified from the head recipe and conasted of the following ingredients:

Water 54.9%
St 0.18%
DGBE 44.92%

The densty used to determine SAR from the measurements was the recommended 1000
kg/m® found in Appendix C of “Supplement C OET Bulletin 65, Edition 01-01”.

Didectric parameters of the Smulated tissue materid were determined using aHewlett
Packard 8510 Network Andyzer, aHewlett Packard 809B Sotted Line Carriage, and an
APREL SLP-001 Slotted Line Probe.

APREL Target Vdue D (%)
Didlectric condart, & 51.83 54.0 -3.76
Conductivity, s [Sim] 148 145 15
Tissue Converson Factor,g | /-9 - -

Table 3. Didlectric Properties of the Smulated Muscle Tissueat 1900 MHz
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Course Scan: Calculated Spline Yalues
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Figure 2. Contour Plot of Coarse Scan —

DUI Left Sdefor Hand exposure
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Course Scan: Calculated Spline Values
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Figure 3. Surface Plot of Coarse Scan —

DUI Left Sdefor Hand exposure
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Figure 4. Contour Plot of 10 gram Scan -

DUI Left Sdefor Hand exposure
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Figure5. Surface Plot of 10 gram Scan —
DUI Left Sdefor Hand exposure
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Figure 6. Contour Plot of 1 gram Scan -

DUI Keyboard up Body Exposure
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Local SAR versus Sensor Separation
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Figure 8. Local SAR versus Sensor Separation - 10g SAR (Hand)

The graph shows thet there are no boundary effects. Smilar results correspond to the Body
measurements, which were performed on the same phantom and the same tissue. (The 10g

SAR wasthe worst case).
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APPENDIX B. Uncertainty Budget

APREL
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Calculated Uncertainties

Type of Uncertainty

Power variation due to battery condition

Extrgpolation due to depth measurement
Conductivity

Permitivity

Probe Calibration

Probe Positioning

Probe Isotropicity

Other Setup Uncertainty (Ambient,,,)

Specific
to

DUI

Setup
Setup

Uncertainty

1.0%

3.8%
1.5%
4.0%
6.0%
1.0%
1.5%
3.0%

18.7% Expanded Uncertainty K2

Table 4. Uncertainty Budget
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APPENDIX C. Validation Scan

LT
A

-
-
Figure 9. Contour Plot of 1 gram Validation Scan Figure 10. Surface Plot of 1 gram Validation Scan
Figure 11. Dipole Under Phantom Figure 12. Dipole Under Phantom
Frequency: 1900 MHz
Input Power to Dipole: 1 W
Digtance from Dipole to Tissue:t 10 mm
Measured 1 | Taget 1Gram | Ddta Measured 10 | Target 10 Gram Ddta
GranSAR | SAR (W/KQ) (%) Gran SAR SAR (W/KQ) (%)
(W/Kg) (W/Kg)
40.87 39.7 -2.95% 20.83 205 -161
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APPENDI X D. Probe Calibration

NCL CALIBRATION LABORATORIES

Calibration File No.: 301485

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized
procedures and using transfer standards traceable to NRC/NIST.

Equipment: Miniature Isotropic RF Probe
Manufacturer: APREL Laboratories
Model No.: E-010

Serial No.: 154

Customer: APREL
Asset No.: 301485

Calibration Procedure: SSI/DRB-TP-D01-032

Cal. Date: 29 Nov, 2001 Cal. Due Date: 28 Nov, 2002
Remarks: None

Calibrated By:

NCL CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161
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CALIBRATION RECORD

Customer:  APREL

AsstNo: 301485

Equipment Type:  Miniature |sotropic RF Probe
Manufacturer: APREL Laboratories

Modd No:  E-010

SaidNo: 154

Dae 29-Nov-01 Cd. Due 28-Now-02

Project No:

Cdlibration Procedure: SS/DRB-TR-D01-032

Environmental Conditions: Temp: 2.70C Humidity: 30% - 55%
REFERENCES

L Directiond Coupler, Hewlett Packard, modd 767D, asset # 100251
2. RF Power Meter, Rohde & Schwarz, modd NRVS, asst # 100851

3. RF Power Sensor, Rohde & Schwarz, modd NRV-Z7, asset # 301461
4. Precison Guildline Thermometer, asset # 301414

5. ALIDX-500 Near-Fed Broadband Messurement Sysem

6. APREL RF Power Amplifier, modd M:AL-RFA-8

7. Sgnd Generator, Hewlett Packard, modd 836408

8. APREL Ha Phantom, modd RV-G2

9. APREL 835 MHz Dipole, assei#301463

[InN
©

APREL 1900 MHz Dipole, esset# 301459
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CALIBRATION DATA

PHYSICAL PROBE DATA
OFFSET ANGLE
[om] [°]
0.25 54.73
TISSUETYPE FREQUENCY | DIELECTRIC | CONDUCTIVITY | CONVERSION
CONSTANT FACTOR
[MHZ] [Sm] [Wikg]
Bran 835 41.4 0.88 5.545
Bran 1900 39.59 1.36 7.900
Musde 1900 51.83 1.48 8.100
MediaType Frequency Sengtivity One | Sendtivity Two | Sendtivity Three
[MHZ]
Air 835 1.378 1.439 1.250
Air 1900 2.886 294 2.651
FREQUENCY ISOTROPICITY
MHz (%] [dB]
835 2.20 0.095
1900 471 0.20
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Validation Reaults:
Freq Power fed | Didance 1gram lgam | Ddta | 10gram 10gram | Ddta
(MH2) todipole | fromdipole | messured target (%) messured target %)
W) to liquid (W/Kg) | (W/Kg) (W/Kg) | (W/Kg)
(m)

835 1 15 9 95 042 5.99 6.2 3.39
1900 1 10 38.32 39.7 | -348 19.25 205 -6.1
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