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SPORTON INTERNATIONAL INC. e,

SPORTOM LAB.

FCC SAR Test Report

Test Report No - FAS522103-1-2-02

1. Statement of Compliance

The Specific Absorption Rate (SAR) maximum result found during testing for the Arcadyan Technology
Corporation EZ Connect'" g WLAN Cardbus SMCWCB-G is 0.528 W/Kg on the WLAN body SAR
with expanded uncertainty 20.6%. It is in compliance with Specific Absorption Rate (SAR) for general
population/uncontrolled exposure limits specified in FCC 47 CFR part 2 (2.1093) and ANSVIEEE
(C95.1-1999 and had been tested in accordance with the measurement methods and procedures specified in
OET Bulletin 65 Supplement C (Edition 01-01).

Tested by Approved by

My Ae Vbl Lo Ztene

Nilson She Dr. C.H. Daniel Lee
Test Engineer : . SAR Lab. Manager
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2. Administration Data

2.1. Testing Laboratory

Company Name:
Department :
Address:

Telephone Number :
Fax Number :

2.2. Detail of Applicant

Company Name:
Address:

Telephone Number :
Fax Number :

2.3. Detail of Manufacturer

Company Name:
Address:

2.4. Application Detail

Sporton International Inc.

Antenna Design/SAR

No.52, Hwa-Ya 1* RD., Hwa Ya Technology Park, Kwei-Shan Hsiang,
TaoYuan Hsien, Taiwan, R.O.C.

886-3-327-3456

886-3-327-0973

Arcadyan Technology Corporation

4F, No.9, Park Avenue II, Science-based Industrial Park, Hsinchu 300,
Tawain

886-3-5787000

886-3-5637327

Arcadyan Technology Corporation
4F, No.9, Park Avenue II, Science-based Industrial Park, Hsinchu 300,
Taiwan

Date of reception of application: Feb. 21, 2005
Start of test : Mar. 23, 2005
End of test : Mar. 23, 2005
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3. Scope

31 Description of Device Under Test (DUT)

DUT Type: EZ Connect™ g WLAN Cardbus
Trade Name: SMC

Model Name: SMCWCB-G

FCCID: RAXWN4301C

Type of Modulation :

802.11b: CCK/11Mbps
802.11g: OFDM/54Mbps

Frequency Range:

2400~2483.5 MHz

Antenna Connector : N/A
Antenna Type: PCB Antenna
Antenna Gain : 2.43 dBi

Maximum Output Power to Antenna:

802.11b: 17.02 dBm
802.11g: 15.02 dBm

Power Rating (DC/AC Voltage) :

DC33V+/ - 10 %

DUT Stage:

Production Unit

Application Type:

Certification

©2004 SPORTON International Inc..SAR Testing Lab
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3.2. Product Photo

©2004 SPORTON International Inc..SAR Testing Lab Page 4 of 28
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3.3. Applied Standards:

The Specific Absorption Rate (SAR) testing specification, method and procedure for this EZ Connect™ g
WLAN Cardbus is in accordance with the following standards:

47 CFR Part 2 (2.1093),

IEEE C95.1-1999,

IEEE C95.3-2002,

IEEE P1528 -2003, and

OET Bulletin 65 Supplement C (Edition 01-01)

©2004 SPORTON International Inc..SAR Testing Lab Page 5 of 28
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3.4. Device Category and SAR Limits

This device belongs to portable device category because its radiating structure is allowed to be used within
20 centimeters of the body of the user.

Limit for General Population/Uncontrolled exposure should be applied for this device, it is 1.6 W/kg as
averaged over any 1 gram of tissue.

3.5. Test Conditons

3.5.1. Ambient Condition:

Item 802.11b/802.11g
Ambient Temperature (°C) 20 ~24
Tissue simulating liquid temperature (°C) 22.7
Humidity (%) <60

3.5.2. Test Configuration:

Engineering testing software installed on the Notebook can provide continuous transmitting RF signal.
This RF signal utilized in SAR measurement has almost 100% duty cycle and its crest factor is 1. The
measurements were performed on the lowest, middle, and highest channel, i.e. channel 1, channel 6, and
channel 11 for each testing position.

©2004 SPORTON International Inc..SAR Testing Lab Page 6 of 28
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4. Specific Absorption Rate (SAR)
4.1. Introduction

SAR is related to the rate at which energy is absorbed per unit mass in an object exposed to a radio field. The
SAR distribution in a biological body is complicated and is usually carried out by experimental techniques
or numerical modeling. The FCC recommends limits for two tiers of groups, occupational/controlled and
general population/uncontrolled, based on a person’s awareness and ability to exercise control over his or her
exposure. In general, occupational/controlled exposure limits are higher than the limits for general
population/uncontrolled.

4.2. SAR Definition

The SAR definition is the time derivative (rate) of the incremental energy (dW) absorbed by (dissipated in)
an incremental mass (dm) contained in a volume element (dv) of a given density.
p ). The equation description is as below:

SAR = E(d_wj :E(d_wj
dt\dm) ~dtl pov

SAR isexpressed in units of Watts per kilogram (W/kg)

SAR measurement can be either related to the temperature elevation in tissue by

or
SAR= ¢

, where C is the specific head capacity, O T is the temperature rise and o t the exposure duration,

or related to the electrical field in the tissue by
2
sar= 7L
ol

, whered is the conductivity of the tissue, p 1is the mass density of the tissue and E is the rms electrical
field strength.

However for evaluating SAR of low power transmitter, electrical field measurement is typically applied.

©2004 SPORTON International Inc..SAR Testing Lab Page 7 of 28
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5. SAR Measurement Setup
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Fig. 5.1 DASY4 system
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The DASY4 system for performance compliance tests is illustrated above graphically. This system consists
of the following items:

A standard high precision 6-axis robot with controller, a teach pendant and software

A data acquisition electronic (DAE) attached to the robot arm extension

A dosimetric probe equipped with an optical surface detector system

The electro-optical converter (ECO) performs the conversion between optical and electrical signals
A measurement server performs the time critical tasks such as signal filtering, control of the robot
operation and fast movement interrupts.

A probe alignment unit which improves the accuracy of the probe positioning

A computer operating Windows XP

DASY4 software

Remove control with teach pendant and additional circuitry for robot safety such as warming lamps,
ete.

The SAM twin phantom

A device holder

Tissue simulating liquid

Dipole for evaluating the proper functioning of the system

VVVYVY VVVYVY VVVVY

Some of the components are described in details in the following sub-sections.

5.1. DASY4 E-Field Probe System

The SAR measurement is conducted with the dosimetric probe ET3DV6 (manufactured by SPEAG).
The probe is specially designed and calibrated for use in liquid with high permittivity. The dosimetric
probe has special calibration in liquid at different frequency. This probe has a built in optical surface
detection system to prevent from collision with phantom.

©2004 SPORTON International Inc..SAR Testing Lab Page 9 of 28
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5.1.1. ET3DV6 E-Field Probe Secification

Construction Symmetrical design with triangular core
Built-in optical fiber for surface detection
system
Built-in shielding against static charges
PEEK enclosure material (resistant to
organic solvents)

Calibration Simulating tissue at frequencies of
900MHz, 1.8GHz and 2.45GHz for brain
and muscle (accuracy *8%)

Frequency 10 MHz to > 3 GHz

Directivity + 0.2 dB in brain tissue (rotation around
probe axis)
+ 0.4 dB in brain tissue (rotation
perpendicular to probe axis)

Dynamic Range 54 W/g to > 100mW/g; Linearity: +0.2dB

Surface Detection + 0.2 mm repeatability in air and clear Fig. 5.2 Probe setup on robot
liquids on reflecting surface

Dimensions Overall length: 330mm
Tip length: 16mm
Body diameter: 12mm

Tip diameter: 6.8mm
Distance from probe tip to dipole centers:
2.7mm

Application General dosimetry up to 3GHz
Compliance tests for mobile phones and
Wireless LAN
Fast automatic scanning in arbitrary
phantoms

5.1.2. ET3DV6 E-Field Probe Calibration

Each probe needs to be calibrated according to a dosimetric assessment procedure with accuracy better than
+ 10%. The spherical isotropy shall be evaluated and within = 0.25dB. The sensitivity parameters (NormX,
NormY, and NormZ), the diode compression parameter (DCP) and the conversion factor (ConvF) of the
probe are tested. The calibration data are as below:

©2004 SPORTON International Inc..SAR Testing Lab Page 10 of 28
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NOTE:

1. The probe parameters have been calibrated by the SPEAG.
2. For the detailed calibration data is shown in Appendix C.

5.2.  DATA Acquisition Electronics (DAE)

The data acquisition electronics (DAE4) consists of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder
and control logic unit. Transmission to the measurement server is accomplished through an optical downlink

Sensitivity X axis : 1.68 pV Y axis : 1.70 pV Z axis : 1.74 uV
Diode compression point X axis : 94 mV Y axis : 94 mV Z axis : 94 mV
Fre'\(/qllﬁency X axis Y axis Z axis
Conversion factor (MH2)
Head / Bod
( y) 2350~2550 4.56/4.26 4.56/4.26 4.56/4.26
Frequency
Alpha Depth
Boundary effect (MHz) P P
(Head / Body)
2350~2550 0.65/0.72 2.22/2.00

for data and status information as well as an optical uplink for commands and the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and sideways probe
contacts. They are used for mechanical surface detection and probe collision detection.

The input impedance of the DAE4 is 200M Ohm; the inputs are symmetrical and floating. Common mode

rejection is above 80dB.

Calibration data is attached in Appendix C.

©2004 SPORTON International Inc..SAR Testing Lab
This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02
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5.3. Robot

The DASY4 system uses the high precision robots RX90BL type out of the newer series from Staubli SA
(France). For the 6-axis controller DASYS system, the CS7MB robot controller version from Stdubli is used.
The RX robot series have many features that are important for our application:

High precision (repeatability 0.02 mm)

High reliability (industrial design)

Jerk-free straight movements

Low ELF interference (the closed metallic construction shields against motor control fields)
6-axis controller

YVVVYVYY

54. M easurement Server

The DASY4 measurement server is based on a PC/104 CPU board with
166 MHz CPU

32 MB chipset and

64 MB RAM.

Communication with
the DAE4 electronic box
the 16-bit AD-converter system for optical detection and digital I/O interface.

The measurement server performs all the real-time data evaluation for field measurements and surface
detection, controls robot movements and handles safety operations.

55. SAM Twin Phantom

The SAM twin phantom is a fiberglass shell phantom with 2mm shell thickness (except the ear region where
shell thickness increases to 6mm). It has three measurement areas:

»  Left head
» Right head
»  Flat phantom

The bottom plate contains three pair of bolts for locking the device holder. The device holder positions are
adjusted to the standard measurement positions in the three sections.

©2004 SPORTON International Inc..SAR Testing Lab Page 12 of 28
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A white cover is provided to tap the phantom during off-periods to prevent water evaporation and changes in
the liquid parameters.

On the phantom top, three reference markers are provided to identify the phantom position with respect to
the robot.

The phantom can be used with the following tissue simulating liquids:
*Water-sugar based liquid
*Glycol based liquids

Fig. 5.4 Bottom view of twin phantom

©2004 SPORTON International Inc..SAR Testing Lab Page 13 of 28
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5.6. Data Storage and Evaluation

5.6.1. Data Sorage

The DASY4 software stores the assessed data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all the necessary software parameters for the data evaluation
(probe calibration data, liquid parameters and device frequency and modulation data) in measurement files
with the extension .DA4. The postprocessing software evaluates the desired unit and format for output each
time the data is visualized or exported. This allows verification of the complete software setup even after the
measurement and allows correction of erroneous parameter settings. For example, if a measurement has been
performed with an incorrect crest factor parameter in the device setup, the parameter can be corrected
afterwards and the data can be reevaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected
probe type (e.g., [V/m], [A/m], [mW/g]). Some of these units are not available in certain situations or give
meaningless results, e.g., a SAR-output in a loseless media, will always be zero. Raw data can also be
exported to perform the evaluation with other software packages.

5.6.2. Data Evaluation

The DASY4 postprocessing software (SEMCAD) automatically executes the following procedures to
calculate the field units from the microvolt readings at the probe connector. The parameters used in the
evaluation are stored in the configuration modules of the software

Probe parameters - Sensitivity Normj, a0, a1, 3,2
- Conversion factor ConvFj
- Diode compression point depi
Device parameters - Frequency f
- Crest factor cf
Media parameters - Conductivity o
- Density p

These parameters must be set correctly in the software. They can be found in the component documents or
they can be imported into the software from the configuration files issued for the DASY components. In the
direct measuring mode of the multimeter option, the parameters of the actual system setup are used. In the
scan visualization and export modes, the parameters stored in the corresponding document files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the compression
characteristics of the detector diode. The compensation depends on the input signal, the diode type and the
DC-transmission factor from the diode to the evaluation electronics. If the exciting field is pulsed, the crest
factor of the signal must be known to correctly compensate for peak power. The formula for each channel

©2004 SPORTON International Inc..SAR Testing Lab Page 14 of 28
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can be given as

cf

Vi = ut+ u.—

dep,

with V; = compensated signal of channel i (i =X, Y, 2)
U; =input signal of channel i (i =x,y, 2)
cf = crest factor of exciting field (DASY parameter)
dcp; = diode compression point (DASY parameter)

From the compensated input signals, the primary field data for each channel can be evaluated

Efiddprobes E, — |— W
NormConvF
2
H-fieldprobes H, = NW
with Vi = compensated signal of channel i (i =x, y, z)

Norm; = sensor sensitivity of channel i (i = x, y, z)
M V/(V/m)2 for E-field Probes

ConvF = sensitivity enhancement in solution

a, = sensor sensitivity factors for H-field probes

f = carrier frequency [GHz]

E; = electric field strength of channel i in V/m

Hi = magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude)

E

tot = \/E>2<+E5+E§

The primary field data are used to calculate the derived field units.

SAR = E’ o

tot ©

£-1000

with SAR = local specific absorption rate in mW/g
Etot = total field strength in V/m
0 = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/ cm’

©2004 SPORTON International Inc..SAR Testing Lab

This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02

Page 15 of 28



wwwsiss FCC SAR Test Report Test Report No  FA522103-1-2-02

Note that the density is set to 1, to account for actual head tissue density rather than the density of the
tissue simulating liquid.

The power flow density is calculated assuming the excitation field to be a free space field.

2

— E

= tot = 2,
e 3770 or Pove Hy 377
with Ppwe= equivalent power density of a plane wave in mW/cm?

Etot= total electric field strength in V/m
Htot= total magnetic field strength in A/m

©2004 SPORTON International Inc..SAR Testing Lab Page 16 of 28
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5.7. Test Equipment List
) ) Calibration
Manufacture Name of Equipment Type/Model Serial Number
Last Cal. Due Date
SPEAG Dosimetric E-Filed Probe ET3DV6 1788 Sep. 30, 2004 Sep. 30, 2005
SPEAG | 3MHz Syﬁn Validation|  pe35y5 499 Feb. 12, 2004 Feb. 12, 2006
SPEAG | VOMHz Syiéeiin Validation| gy 190 July 17, 2003 July 17, 2005
1800MHz System
SPEAG Validation Kit D1800V2 2d076 July 16, 2003 July 16, 2005
SPEAG 1900MHz System D1900V2 5d041 Feb. 17, 2004 Feb. 17, 2006
Validation Kit
2450MHz System
SPEAG Validation Kit D2450V2 736 Aug. 26,2003 Aug. 26, 2005
SPEAG Data Acquisition DAE3 577 Nov. 17, 2004 Nov. 17, 2005
Electronics
SPEAG Device Holder N/A N/A NCR NCR
SPEAG Phantom QD 000 P40 C TP-1150 NCR NCR
SPEAG Robot Staubli RX90BL | F03/5W15A1/A/01 NCR NCR
DASY4
SPEAG Software V4.5 Build 19 N/A NCR NCR
SEMCAD
SPEAG Software V1.8 Build 145 N/A NCR NCR
SPEAG Measurement Server SE UMS 001 BA 1021 NCR NCR
. S-Parameter Network
Agilent Analyzer (PNA) E8358A US40260131 Nov. 24,2004 Nov. 24, 2005
Agilent Dielectric Probe Kit 85070D US01440205 NCR NCR
Agilent Dual Directional Coupler 778D 50422 NCR NCR
Agilent Power Amplifier 8449B 3008A01917 NCR NCR
R&S Radio C%rensrgrmlca“on CMU200 105934 Aug. 24, 2004 Aug 24, 2005
Agilent Power Meter E4416A GB41292344 Jan. 21, 2005 Jan. 21, 2006
Agilent Power Sensor E9327A US40441548 Jan. 28, 2005 Jan. 28, 2006
Agilent Signal Generator E8247C MY43320596 Feb. 10, 2004 Feb. 10, 2006
Agilent Base Station Emulator E5515C GB43460754 Jan. 12,2004 Jan. 12, 2006

Table5.1 Test Equipment List

©2004 SPORTON International Inc..SAR Testing Lab
This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02
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6. Tissue Simulating Liquids

For the measurement of the field distribution inside the SAM phantom with DASY4, the phantom must be
filled with around 25 liters of homogeneous body tissue simulating liquid. The liquid height from the bottom

of the phantom body is 15.2 centimeters, which is shown in Fig. 6.1.

The following ingredients for tissue simulating liquid are used:

of bacteria and molds.

Y V VVVYVY

Table 6.1 gives the recipes for one liter of tissue simulating liquid for frequency band 2450 MHz.

Water: deionized water (pure H,0), resistivity ~ 16MQ - as basis for the liquid
Sugar: refined sugar in crystals, as available in food shops — to reduce relative permittyvity
Salt: pure NaCl — to increase conductivity

Cellulose: Hydroxyethyl-cellulose, medium viscosity (75-125 mPa.s, 2% in water, 20°C),
CAS#54290-to increase viscosity and to keep sugar in solution.
Preservative: Preventol D-7 Bayer AG, D-51368 Leverkusen, CAS#55965-84-9- to prevent the spread

DGM BE: Deithlenglycol-monobuthyl ether (DGMBE), Fluka Chemie GmbH, CAS#112-34-5 — to
reduce relative permittivity.

Ingredient MSL-2450
Water 698.3 ml
DGMBE 301.7 ml
Total amount 1 liter (1.0 kg)
Dielectric Parameters at 22° f=2450MHz
€ = 52.5+5%,0 =2.00+£5% S/m

The dielectric parameters of the liquids were verified prior to the SAR evaluation using an Agilent 85070D

Table6.1

Dielectric Probe Kit and an Agilent ES358A Network Analyzer.

©2004 SPORTON International Inc..SAR Testing Lab
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Table 6.2 shows the measuring results for muscle simulating liquid.

The measuring data are consistent with € =52.5+5% and 0 =2.00 + 5%.

Fig. 6.1

©2004 SPORTON International Inc..SAR Testing Lab
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Bands Frequency(MHz) | Permittivity (€ y) | Conductivity (o ) |Measurement date
2412 51.9 1.95
2450 MHz 2437 51.8 1.97 Mar. 23, 2005
2462 51.6 1.93
Table6.2
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7. Uncertainty Assessment

The component of uncertainly may generally be categorized according to the methods used to
evaluate them. The evaluation of uncertainly by the statistical analysis of a series of observations is termed a
Type A evaluation of uncertainty. The evaluation of uncertainty by means other than the statistical analysis
of a series of observation is termed a Type B evaluation of uncertainty. Each
component of uncertainty, however evaluated, is represented by an estimated standard deviation, termed
standard uncertainty, which is determined by the positive square root of the estimated variance.

A Type A evaluation of standard uncertainty may be based on any valid statistical method for treating data.
This includes calculating the standard deviation of the mean of a series of independent observations; using
the method of least squares to fit a curve to the data in order to estimate the parameter of the curve and their
standard deviations; or carrying out an analysis of variance in order to identify and quantify random eftects
in certain kinds of measurement.

A type B evaluation of standard uncertainty is typically based on scientific judgment using all of the relevant
information available. These may include previous measurement data, experience and knowledge of the
behavior and properties of relevant materials and instruments, manufacture’s
specification, data provided in calibration reports and uncertainties assigned to reference data taken from
handbooks. Broadly speaking, the uncertainty is either obtained from an outdoor source or obtained from an
assumed distribution, such as the normal distribution, rectangular or triangular distributions indicated in
Table 7.1

S{;ﬁ?{)ﬁ{ggs Normal Rectangular Triangular U-shape
Multiplying factor ®@ 1k (®) 1N 3 1IN 6 1N 2

(a) standard uncertainty is determined as the product of the multiplying factor and the estimated range of variations in the measured quantity
(b) K isthe coverage factor

Table7.1

The combined standard uncertainty of the measurement result represents the estimated standard deviation of
the result. It is obtained by combining the individual standard uncertainties of both Type A and Type B
evaluation using the usual “root-sum-squares” (RSS) methods of combining standard deviations by taking
the positive square root of the estimated variances.

Expanded uncertainty is a measure of uncertainty that defines an interval about the measurement result
within which the measured value is confidently believed to lie. It is obtained by multiplying
the combined standard uncertainty by a coverage factor. Typically, the coverage factor ranges from 2 to 3.
Using a coverage factor allows the true value of a measured quantity to be specified with a defined
probability within the specified uncertainty range. For purpose of this document, a coverage factor two is
used, which corresponds to confidence interval of about 95 %. The DASY4 uncertainty Budget is showed in
Table 7.2.
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Standard Vi
- Uncertainty Probability o Ci Unc.
Error Description Value + % Distribution Divisor 1 (1-9) or
V eft
M easur ement System
Probe Calibration +4.38 Normal 1 1 +4.8 00
Axial Isotropy +4.7 Rectangular V3 0.7 +1.9 00
Hemispherical Isotropy +9.6 Rectangular \3 0.7 +3.9 0
Boundary Effect +1.0 Rectangular V3 1 +0.6 )
Linearity +47 Rectangular V3 1 2.7 00
System Detection Limit +1.0 Rectangular 3 1 +0.6 00
Readout Electronics +1.0 Normal 1 1 +1.0 0
Response Time +0.8 Rectangular V3 1 +0.5 )
Integration time +2.6 Rectangular V3 1 +1.5 00
RF Ambient Conditions +3.0 Rectangular V3 1 +1.7 o0
Probe Positioner Mech. Tolerance +04 Rectangular V3 1 +0.2 )
Probe Positioning with respect to
Phantom Shell +2.9 Rectangular \3 1 +1.7 0
Extrapolation and Interpolation
Algorithms for Max. SAR +1.0 Rectangular V3 1 +0.6 00
Evaluation
Test sample Related
Test sample Positioning +2.9 Normal 1 1 +2.9 145
Device Holder Uncertainty +3.6 Normal 1 1 +3.6 5
Ol'ltpllt Power Variation-SAR £50 Rectangular 3 | 199 .
drift measurement
Phantom and Setup
Phantom uncertainty(Including shar]
and thickness tolerances) +4.0 Rectangular V3 ! +2.3 *
Liquid Conductivity Target 450 Rectangular 3 0.64 418 .
tolerance
Liquid Conductwﬁy measurement 15 Normal 1 0.64 116 .
uncertainty
Liquid Permittivity Target +50 Rectangular N 06 417 o
tolerance
Liquid Permlttwlty measurement 5 Normal 1 06 415 o
uncertainty
Combined standard uncertainty +10.3 330
Coverage Factor for 95 % K=2
Expanded uncertainty Normal +20.6
(Coveragefactor = 2) (k=2) 27 -

Table 7.2. Uncertainty Budget of DASY
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8. SAR Measurement Evaluation

Each DASY system is equipped with one or more system validation kits. These units, together with the
predefined measurement procedures within the DASY software, enable the user to conduct the system
performance check and system validation. System validation kit includes a dipole, tripod holder to fix it
underneath the flat phantom and a corresponding distance holder.

8.1. Purpose of System Performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check be
performed prior to any usage of the system in order to guarantee reproducible results. The system
performance check uses normal SAR measurements in a simplified setup with a well characterized source.
This setup was selected to give a high sensitivity to all parameters that might fail or vary over time. The
system check does not intend to replace the calibration of the components, but indicates situations where the
system uncertainty is exceeded due to drift or failure.

8.2. stem Setu

In the simplified setup for system evaluation, the DUT is replaced by a calibrated dipole and the power
source is replaced by a continuous wave which comes from a signal generator at frequency 2450 MHz.

The calibrated dipole must be placed beneath the flat phantom section of the SAM twin phantom with the
correct distance holder. The distance holder should touch the phantom surface with a light pressure at the
reference marking and be oriented parallel to the long side of the phantom. The equipment setup is shown
below:

5

Cable >2m
1 AVAA 3 ’

Attn. 3db
Fig. 8.1
©2004 SPORTON International Inc..SAR Testing Lab Page 22 of 28

This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02



wwwsiss FCC SAR Test Report

Test Report No

FA522103-1-2-02

kW=

Signal Generator
Amplifier
Directional Coupler
Power Meter

2450 MHz Dipole

The output power on dipole port must be calibrated to 100 mW (20 dBm) before dipole is connected.

8.3. Validation Results

Comparing to the original SAR value provided by Speag, the validation data should within its specification
of 10 %. Table 8.1 shows the target SAR and measured SAR after normalized to 1W input power.

M easur ement data . M easur ement
Target (W/kQ) (W/kg) Variation date
_ 0,
1SM band SAR (1g) 56 53.9 3.8%
(2450 MHz) Mar. 23, 2005
SAR (10g) 25.8 25 3.1 %
Table8.1

The table above indicates the system performance check can meet the variation criterion.
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This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02

Page 23 of 28



wwwsiss FCC SAR Test Report Test Report No  FA522103-1-2-02

9. Description for DUT Testing Position
This DUT was tested in the position “Notebook Bottom Touch” shown in Fig. 9.1.

Fig. 9.1 Notebook Bottom Touch

©2004 SPORTON International Inc..SAR Testing Lab Page 24 of 28
This report shall not be reproduced except in full, without the written approval of Sporton. Rev.02



wwwsiss FCC SAR Test Report Test Report No  FA522103-1-2-02

10.Measurement Procedures

The measurement procedures are as follows:

Plugging DUT into the notebook

Using engineering software to transmit RF power continuously (continuous Tx) in the low channel
Placing the DUT in the positions described in the last section

Setting scan area, grid size and other setting on the DASY4 software

Taking data for the low channel

Repeat the previous steps for the middle and high channels.

YVVVVYVYYV

According to the IEEE P1528 draft standard, the recommended procedure for assessing the peak
spatial-average SAR value consists of the following steps:

Power reference measurement

Area scan

Zoom scan

Power reference measurement

YVVYVY

10.1. Spatial Peak SAR Evaluation

The procedure for spatial peak SAR evaluation has been implemented according to the IEEE1528-2003
standard. It can be conducted for 1g and 10g, as well as for user-specific masses. The DASY4 software
includes all numerical procedures necessary to evaluate the spatial peak SAR value.

Base on the Draft: SCC-34, SC-2, WG-2-Computational Dosimetry, P1528/D1.2 (Recommended Practice
for Determining the Peak Spatial-Average Specific Absorption Rate (SAR) in the Human Head from
Wireless Communications Devices: Measurement Techniques), a new algorithm has been implemented. The
spatial-peak SAR can be computed over any required mass.

The base for the evaluation is a "cube" measurement. The measured volume must include the 1g and 10g
cubes with the highest averaged SAR values. For that purpose , the center of the measured volume is aligned
to the interpolated peak SAR value of a previously performed area scan.
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The entire evaluation of the spatial peak values is performed within the postprocessing engine
(SEMCAD). The system always gives the maximum values for the 1g and 10g cubes. The algorithm to find
the cube with highest averaged SAR is divided into the following stages:

® cxtraction of the measured data (grid and values) from the Zoom Scan

® calculation of the SAR value at every measurement point based on all stored data (A/D values
and measurement parameters)

® generation of a high-resolution mesh within the measured volume

® interpolation of all measured values form the measurement grid to the high-resolution grid

® cxtrapolation of the entire 3-D field distribution to the phantom surface over the distance
from sensor to surface

® calculation of the averaged SAR within masses of 1g and 10g

10.2. Scan Procedures

First Area Scan is used to locate the approximate location(s) of the local peak SAR value(s). The
measurement grid within an Area Scan is defined by the grid extent, grid step size and grid offset. Next,
in order to determine the EM field distribution in a three-dimensional spatial extension, Zoom Scan is
required. The Zoom Scan measures 5x5x7 points with step size 8, 8 and 5 mm. The Zoom Scan is
performed around the highest E-field value to determine the averaged SAR-distribution over 1 g.

10.3. SAR Averaged Methods

In DASY4, the interpolation and extrapolation are both based on the modified Quadratic Shepard’s method.
The interpolation scheme combines a least-square fitted function method and a weighted average method
which are the two basic types of computational interpolation and approximation.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the inner
phantom surface. The extrapolation distance is determined by the surface detection distance and the probe
sensor offset. The uncertainty increases with the extrapolation distance. To keep the uncertainty within
1% for the 1 g and 10 g cubes, the extrapolation distance should not be larger than 5 mm.
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11.SAR Test Results

11.1. Notebook Bottom Touch

Freq Modulation Conducted F’OV.Ver M easur ed Limits
Mode |Chan. (MH2) type Power Drift | 1gSAR (W/KgQ) Results
(dBm) (dB) | (W/kg)

1 2412(Low) CCK 17.02 0.071 0.51 1.6 Pass
802.11b 2437(Mid) CCK 16.98 -0.061 0.51 1.6 Pass

11 |2462(High) CCK 17.00 0.184 | 0.528 1.6 Pass

1 2412(Low) OFDM 15.00 0.086 0.146 1.6 Pass
802.11g 2437(Mid) OFDM 15.01 -0.052 0.129 1.6 Pass

11 |2462(High)| OFDM 15.02 -0.029 0.109 1.6 Pass
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Appendix A - System Performance Check Data

Fest Laboratosy s Sporton Imermational Ine, SAR Testing Lab oot T 3520002005 10 e84 And
Svstem Check Body 2450MHz 20050323
BT Dipade 2450 MHe: Type: DB2450%2; Serial: DZ4500 T - 557

Cormmuiicalion 'H'.'. slem: W | PE LTy | 2454 "-.II!.-"I]||:.'. If':n.q;':_" 1:1

Medivm: MSL 24350 Medium parameters wsed: ©= 2430 MUz o= 198 mho'm; & = 531,8; p= 1000 kg'm”

. -

el L emperaiare « 21 | L. UL |-'|Il:"Z: LK« ZL.F

DASY Y Configuration;

= Prosbie; ETADVG < SMNITRE: Conviid 26, 4,26, 4.26) Cahbrated: 0302004

- Sensor-surface: dmm (Mechanical And Ceplical Surtace Detection sensor-5urface: dmm | Mechanical Surface
[Detection )

- Electronics: DAES Sn377: Calibrated: 11717/ 2004

- Phantom: SAM 122 Type: QU 000 P40 C: Serial: TP-1150

= Measurement SW: DASY 4 W45 Huild 19 Postprocessing SW: SEMOATI W LA Build 145

Pin=11Hm%/ Area Scan (Y1x91x1 b Measorerment grid: ds=Hmm, dy= Himm

Maximum value of SAR (interpolated )y = 6,35 mW /g

Pin=1HmW/Loom Scan {7x7x7FCube 0 Measurement grid; dx=3mm, dv=53mm, de=5mm
Reference Value = 581 Vim: Power Dritt = -0L038 4B

Peak SAR (extrapolated) = 11.9 Wikg

SARID g)= 539 mW g SARN g) = 2.5 mW /e

Wasimum value o SAR (measured ) = G006 ms i

dB
f.on
-A.2h
A

-12.6

-17.0

-21.13

1dB = 6.mW e
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Appendix B - SAR Measurement Data

Fest Laboratory s Sporton Imemational Ine, SAR Testing Lab Chane e 3232008 1150006 A
Body 8021106 Chll NB BTM Touch 20050323
DT 522008 Type: WILAN b+g Card BLS

Commumication Systerm: 80201 3 Frequency: 2462 M zDuy Cyele: 1:0

Medium: MS5L_Z450 Medium parameters used: U= 2462 MHe &= 193 mho'm: 5= 3162 p = 1000 kg m’
Ambacrl Temperature © 214 C. Ligwd Temperature - 217 €

DAsY 4 Configuration:

« Probe; ET30DVG = SNTER: Convi(4,26, 4,36, 4,265 Calibrated; 9340020014

- Sensor-Surfeee: dmm (Mechanical And Opical Surfsce Delection)

= Electronies: DALS Sn577; Calibeated: 117172004

- Phantom: SAM 12: Type: QU O P40 O Serial: TP-1130

- Measurement 5W; DASY S VS Build 19 Postprocessing 5W: SEMOCAT, V1.8 Build 145

ChllAres Scan (31x41x1 ) Measurcment grid: ds=15mm., dv=15mm
Maximum value of SAR (inlerpesloted) = 0,5%5 mWi

Chll/foom Sean (3x5x 7))/ Cabe U Measurement grid: dy=8mm. dy=%mm, de=2mm
Relerence Voloe = 12,9 % im: Power Dedl = 0184 d1

Pieak SAR {extrapolatedy = 113 Wihkg

SARE 2= 0528 mWig: SARTD g) = 0274 mWig

Maximum value of SAR {measured ) = (363 mWig

46
0.00

=400

820

-12.3

-16.4

205

O dB = L363mW /g
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Fest Labormtory : Sporton Intemational Ine, SAR Testing Lab Dt Time: 3232005 1:07:42 PM
Baaly BOZ. 0012 Chl_NB BTM Touch_20HI50323
DT S22003; Tyvpe: WILAN bég Card BUS

Communication System: 8020 1g: Fregquency: 24012 MIL=Duty Cyeles: 100

Medivmg MSL 2450 Medium parameters useds 1= 2412 MUz o= 1,95 mhod'm; e = 31,9 p = 1000 kg m

T
Ambient Temperature = 210 C; Liguid Temperstare + 21,2

ASYd A ."""'I-'l'-'-"-"" e

- Probe: ET3DVE - SNIT7E8; ConvF(d 26, 426, 4 2600 Calibrated: 93002004

= Sepsor-Surface: 4mm (Mechanical And Cplical Surface Detection)

- Elzetromics: DAE3 Sn3TT: Calibrated: 11172060

= Phantom: SANM 12 Type: Q0 OO P40C: Serial: TH-11540

- Measurement 8W: DASY 4. VA5 Build 19 Postprocessing SW: SEMVMCATY, V1LE Build 143

Chi/Area Scan (531x41x1): Measurement grid: dx=13mm. dy=13mm
Maximum value of AR {interpolated ) = 0,163 mWig

Chl/Eoom Scan (533537 Cube 0 Measurement grid: ds=8mm. dv=8mm. dz=3mm
Feference Value = &47 Yom: Power Dirifl = <0086 dB

Meak SAR textrapoloted ) = 0,304 Wkg

SARC o= 0l m%Y e SARTD ) = 00075 my i

Maximum value of SAR (measured) = 0L156 mWig

il
LI KT}

4.5

916

-13.7

-TH.3

224

(0l = 00, 1 S &
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Test Laboratory: Sporton Inemational Ine, SAR Testing Lab

Body 802, 11h Chil_NB BTM Towch 200503523
DT SZIN0E; Typres WLAN big Card BUS

Communication System: 8020 1b : Freguency : 2462 Mz Duty Cycle: 121
Wedium: M%I Tl Ml a
Ambient Temperature * 214 C; Liguid Temperature = 21.7 C

IS ke rs o

24500 Medivm paramcters used: | b

[3ASY S Conliguration;

= Probe; ET30VE = SMNITER: Conv (4,26, 4,26, 4,260 Colibrmed; 903402004

= Sensor-Surface: dom (Mechanical And Optical Surface Detection)

= Llegtronies: 1ML SndTT: Calibeated: 11717/ 204

« Phanom; SAM LE; Type QU (b P C; Semal: TP-1150

- Measurement SW: DASYL VACE Build 19 Posprocessing W SEMCAD, VL8 Build 145

ChllArea Sean (31x41x1 ) Measurement grid: ds=15mm, dyv=12mm
Masimuen valae o SAR (iaterpoelated) = 0,593 mWig

ChilZoom Scan (Sx3xTHCube 0: Mepsurement grid; dx=8mm. dv=8mm, de=5mm
Reference YValue = 12.9%/mz Power Drift = 00184 dB

Peak SAR (extrapolated)y = 113 Wikg

SARL gy = 528 mW E SAR DD E) = 02 T4 mW g

Muoximum value of SAR (measwred ) = 00363 mW g

12102 Averaged SAR

EAR; Tomw Soam Vabis Aoy T, K=t ¥

Crape Time: 3253005 11:30:08 AM

S1.6: p = 1000 kg/m'

-

-

RL
005

o
=]
#

T T
.-'F‘-
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Appendix C — Calibration Data

Calibration Laboratory of

Schmid & Partnar
Engmeenng AG

Zraghasunimess §1 53 furch Berzeriard

Clant  Auden> Sparten it ine

im“mm—tmrunmn-“mn—rmtn-_ﬂn“
TS wdrrysierya’ sharnlesd

A R s P CAAL IS W P (0 S il @y ity i S beonpiretam 00 0 D aiegees Cesap g s a4 TS

Callsmeen Eiapmari coss (RATE cis S ol sk

Mo T _ine Cf Ol [l by, Comrfliewm bo: | Schedied Collemfion
RF pererane S0 Bl 08 19354 27 e 103 IREH. Me 33 §2R I Feuse s ke 38

P e HP B8 EPIDETINT N3O fhkglenl, Ma ZE0TIOHE i34

Praar apruir P 18 LIENTHETRE BoDun O [WIETAR ha 25D 2008 a3

F s sl ERR EaA] IHI RO 1000 07 (MET LN Ko 24250 O3

Lt T ol B B VG0 aplen. Mo MEBROIGREION I rusd e O 0

i

Din b Saqurd 70 7007
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fohrred & Paa Engirsscng A0

S p e a g

Dnughserinses 43, BOODL Turcn, Seimenans
Piiaras 4200 1 a5 GUTHL, Fae 681 7 245 Brs
D0 DI, RTIaey 100D DO

DASY

Dipole Validation Kit

Type:

Serial:

Manufactured;
Calibrated:
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L. Measurement Conditions

The mysanomoents were petiommed m the (sl section of the SAM tean phomstom filled with heasd
simminiing selution of the following elecineal pummeters o 2450 MHz:

Relatrve Dhelectricy 8.1 £
Canductrvity 180 mhafm = 4%

The [ASYd Svstem with a dostmetnc B-field probe ES3VY (5K 3003, Corversion fcior 4.8 @ 1450
M) was wsed for ihe measunemenis

The dipnle was modnted on the small tripod so that the dipole feedpoim was positionad beloa the
cenler marking of the st phantom sectioa and the dipole was sneeied pamdlel 1o the body auis (e
lonng side of the phamtomi The standard weasuriog disimnce was 1mm from dpole center to the
selution srface. Lossless spacer was el during nsasuremsnts for accurais distance posiioning.

The comrse ynid with o grid spacing of 1 3mm was sligned with the dipale The Y3707 fine cube wos
chosen for cube micgmibion

Thee dipole inpul posver [ forwand power | was 250mW 3 % The results are marmalized wo W onput
e

& SAR Meswrement with DASY S System

Standasd 5AR -measumements wers performed accordmg b the messwement condibions dessombed n
sechiom |. The reszlis | see figure supphied) have been normaolomed 106 dspole imput poveer of W
{forwant preser). The resaliing svemssed SAR-wnlues mensared wrih ithe dosimenc probe ESI0ATD

SN:3013 end applyinyg the ndvanced extrapalation are:

averaged ever | om’ (1 g of tsxuz 56 mWig o 16 5% (k=2

averaped aver 10em” {10 g) of tise 250 mWSE 4 16 2% (k=])

" wnlidntion cscenuimy
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4 Dipele Impedanee and Retarm |ow

The mmpadance was mensured af the S8 A -commecior with a network anahaer and nomenically
translonmed Lo the dipole [eedpomml. The tnemsfrmation peremeien from e S{A-comnectar 1o (he
dipwbe feedpoint are

Elecincal delay LiSBos  fonc divecion)
Trassmission fcior: [N ] {voltage tmmsmissian, one directsn )

e dipole was positionod at (ke Mal phuntom secisons aocondeny b0 sectiom | and the &stance spacer
wird in ploce danmy impedance meniarements

Feedpaint impedance ot 3450 MH> Re|f] = 550
Im [#}=3&0
Return Lots at 2450 M Hz 27.5d8
4. Meusurgment Canditions

The messurements were performed in tke fls section of the SAM twin phosinm fillsd with hady
wknkulatiing selution of (e lollowing eleciica] parnmsesers ol 2450 Ml

Relative Mhelactricity LA ol 1
Canducizvity 103 mhofm 5%

The DASY S Svaiern with o dossmetng B-foekd probe ESIV (5K 3013, Converson eior 4.2 of 2450
AOHE ) was wsed Tar 1he mensinemes

The dipnle wars moanied om the small tripad so tha the dipols feedpoim was positionsd below the
conier markimg of the {lat phantom section and the dipole was ooiesied paralled 1o the body axs (the
lang side of the phaniomi The siandasd easunng distance wis 1imim from dipole eenier 1o the
solution purface. Lossless spacer was used during messurensents for pocumis distance possfianing

The coame grid wiith o grid lr.i;irtgnF | Smm was |Iip|:|:l1.\.1|h|h¢ dip-al: The TxTaT fine cube wis
chesen for cube miegmiion,

The diposke gt poaver |fivrwere] power) was 250mW £ 3 % The resulis ore nonmadized i 1'W i
pEweEr
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2 SAR Messgrement with DASYS System
Sasndend SAR-messnemenis veere perfinrmsed acconleng o the measorement conditinns described m

socivom 4, The rosuale | see Sgure supplied) have been nommabized b o dipole mpat povwer ol 1%
{farwanl power ). The remilting aversged SAR-voloes measured with ihe dosimetrse probe ES30%2

Sk 3013 enddl appliving the sdvanced extrapolation ar:
wvirsgod over 1 em” {1 g of lissuo 56,0 mWig 4 158 % (k=27

averaged over 10 cm’ (10 g) of tssos 258 mWig 4 162 % (k=2

G Dipale Impedance and Beturn | ass

The dipole was postidoned ai the flan phamom sections according o section 4 and the destance spacer
wie i filace during impedance measurents

Fordpoint impedance a1 2430 Mz RefZ}= 4RTO
I [Z) = B2
Rt Liss at 2450 M -15.8 4B
L. Hondling

D il apply exoeave force o the dipole arms, beoause they might bend. Bendimis of the dipale arma
stresses the soldered conneciions near the feedpoing leading 1o 2 damaee of the dipale,

B Deslgn

T dapaste 5 masde ol stimdand seenirid cosdnl cubls. The cenier conluctor ol the feeding lne i
diresaly conmecsed w0 the second am of the dipole. The amenna 1= therefore short-cincaited for DO

sipnals,

Small end caps have boon added to the dipele armes in onder 16 improve maiching when loaided
necording o il pesilion oS -explained @ Soctons land 4. The SAR Jatn are oot affested by this chamge
The ovemnl] dipale lengh 5 sl according 1o the Saandaed

i Power Test

Afber lomp serm use with 40 mdianod powes, only o slight warming of the dipole ser the Teedpoim
can be measunel

T vadkilinan uncemalmy
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Page | of |
DhateTieme. CRIATON 15,43:04

Test Labomasory: SPEA, Furich, Switneriand
File Mame: SHTH SN0 MI450 TR0 dns

DUT: Dipale 2450 M Type: D450 Serial D230V - SNTM
Program: Dipale Cslibration

Coenmamication System: CW.2450; Prequency: 2430 MHz Dty Cyele 101
Medium. Musche M50 MHz (o = 2.00 mbaim, 5= $0.75, p= 000 kg’

Thamtuim sestion: Flal Secton
Messurement Seandard: DASY D (Hipgh Precizion Asséssmien]

PASYA Confijunmn

# Probe ESIDVY - SNINY, ConvBie.2, 4.2, 4 2% Calibemed 111920603

» Sepsor-Sexfpoe. dmm Oviechamics] Surface Dulecton)

¢ Elcctromics. DAED - 5841 [ Calshrmied: 17162003

¢ Phantom: SAM with CRP - TP 1004, Type, SAM 4.0 Senisl T 1008

» Bdemwgrement BW. DASYSA, W41 Hudid 47, Fosprocessing 3W- SEMCAL, V1 6 Bmld (15

Pin = I50 mW; d = 10 mm o res Seam (8] 8110 i Measurement grids dee | Smm, dyv=1%mm
Heaferance Valuz = 9] Vim

Power Dinft = -0.02 J5

Misximiir value of SAR = 157 mWip

PMin = 50 mW; d = 10 mm/Eosm Soin (TaTr TR obe b Meamrensent grid; de—%mm, dv="%mm,
der=S1mm

Preh SAT (extmpolaed) = 774 Wikp

SARLT pl= 14 miWig, BAR 1D gh = B 46 mWig

Referance Valuo = #1 Vim

Perveer Dipyft = -0, 002 dH

Maximem vibue of SAR = 16 mW/g

0 B = 16y

©2004 SPORTON International Inc..SAR Testing Lab
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Fape Lol 1
Dgte Tane: ORZTAS | 1:42:02

Tesd Labomiory: SPEAG, #unch, Switrerand
File Mame: SNT3_SNI0LS_HSLI4S0 270803 e

IIL T Deipeole 2450 MBe Type: D420 2; Sertal: D2430V2 - SNTAG
Pragram: Dipale Calibration

Commenication System: CW=2450; Frequaency: 2450 MHxDuty Cwvele 100
Medium: HSL 2430 MHaz (o= |89 mha'm, £ = 38,19, p= 100 kgim'

Plurnm seclicn Flal Seclion
Vimssurement Standand: DASY S (High Precison Assewsnent

DAsYd Comliguraisn

Probe: ESIDWT « N0 |5 ConvF(4.8, 4 8 48 Caldbsrsad: 17 1%2003

Sensor-Saripes: dom (Mechanical Surfsce Detection)

Electromes: DAES « 85411, Calibegied: 1762003

Phantame SAM with CRP - TP1004; Tvpe: SAM 4.0, Senal . Ti™ 1006

Meoammomend W, DASYA, Vi, | Budid 47, Postprocessmg SW; SEWTATE, W9 6 Babd 185

T T N B W

Fin = 250 mWr i = 1 mmd A res Sean (F1o81x0 i Measuremest grid: oo 1 Smm, dy=15mm
Helermnes Vilis =9 % Vis

Power Dinft = <0004 41

Macimun value of SAR - 153 mWig

Pin = 250 mW; d = 10w Fosan Soan (TaTa TR abe O Maeassirement grid ds-Simin, dy=Smim,
L=

Peek SAT [extmpolaied) = 307 Wikg

SAR(] g) = 139 mW/g SARIID g) - 635 mWig

Heferonce Viluo = 915 Yom

Powwer Dirjlt = -0,04 B

baximam value of SAR = 155 mWig

g = |5, Smiy
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Calisration Labaratary of gﬁ?ﬁ g 3 .
Schimad & Pariner Sersice BLiNe R g
Engineenng A 2 IGI ol T E——————
Taisghaisdirmsy 11, 800 Tirich. Sevmansen 5§  Swss Calbation Sy
Aoimn Dy D ety Feders Ccs oF Qslmeege 370 Ancesdosiion hrcresiintion Mac  HCE 108

Tha S ms AccrediExion Senvcs e one of e ograicrise o e EA
Mukiiriard Azresmenl fzr ke rezopniice of cellraion cer fizales

o Sporion (Auden) i corsticain ws: ET3-1736_Sepld

Comam of o cmtiket 20 AN Tl@ERGE

T e B i mimrrerin ate raskes cha peraaesl i of e EBoneYse T S0
T memwre-wnin 0 e uncerianses ssh coride-on probad ity sre plei o M vyt fag)E s 88 ran of me candene

All caliy-wions Savs beer oncucke] n e cimad Ialaraey e By sreorrerd wepesinkee (3 2 1T s oy 4 MR

Caanmnd Py usse (VATE o i rmnrene

Primmey Siamkmia oE i e a0 Dy, Carifom hea.| B b S radan
Flermry i B a3 GHATZIERY 5 Ly Ol (RBETAE, R P ()RR UET
Prmssr passspr E24138 ATrddasiaT? Bty (WIETAS, hn TR N300 Py 22
Frbwerca 321 Adermmin SR GADES () FAEE (METAS B 28 pa00e0r! Fopg {6
Fidiasanid 21 B A SerdiE s £8 D5 (20e] a0 (RETAE, ko 151 -(REEEO) felap 28
[ r e e D T T EMC BE1E [0t} AL (METAE Mo (B -] Py I
Hskwerce Prooe LI AR B ol SRS AT, Mo, EES-IOTY sl TR ]
[ 55 PR S AL DEFEALS, Mo OAELET] Waghl)  Sdeh
Sampin on v Slamdar e CE gt Thybn (v Pl | Tareridec) Chach
gl (a4 4P #aE18, Lh by [l e 18 Bag 9 [BPEAS W roips cesck OoHI In revame hecs ol 02
AF guisibel HP BE4EE [YL=0 DR RS ] i PPN R Ll C-hach: Duac-0T| T riigig Bats Deo0D
Bombarurd Arwlpad HP WP ESE AR SRR T (PTG, i oo chmck Fare-J10 i furows haoe. Feoe 04
Bars Fun—wn 5 Fuiflars
Callyansd by Hﬁ. Latmuwramy Tosaridan Fa w
Sealel s el o N b= '
| ISR by

mai i Cemnner 1 0
Tiea g et cardli-zais nha | el e Aok e as el i Ul A ool wes en @ ool of DB @ooelcny.

Carificslo Mo ET3- 1788 Bepds Puga 1 ol'd
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Calibration Laboratory of wHisg § Bemmvizerscher Kainrisrdienst
Schmid & Pariner ;@ c Gerine §oyse eipnnage
Enginesring AG E_ 15 Sereiia veTTEm @i mImEEra
Irugtssnubmunr 1 B §orich, Swasrian: -‘&“. B Bies Catinion Bervies

ArTTEEET by 1 Sainy Fevia (Bfice o ATy Ten Anrrerion Arcrpdbation Mo 305 108
Tra: Saind decdsdnalinm Berdas Hoond o (T 2 paannes mome Bl
Wi mlmiaral dgrsemeers for b recoegeilicn of calbeeine resn feries

Glossary:

TSL tissue simulating liquid

NORMy 2 senaitivity o froe spacs

ConfF sensiiity n TSL / KORMy 2

OLP dinda comprassion pon

Polarizatian o q rotafion anound probe axis

Polarization 5 B rotation around an axis thal & n the plass normal 1o probe axis (&

measunement center), i, 9= 0 i3 nofmal 1o probe a3

Calilsration iz Performed According (o the Following Standards:

al

o)

IEEE Sid 1628-2003, "IEEE Rucommandsd Practicn for Datammining the Pesk Spaetial-
Aymraged Specific Absorphion Rale [SAR] in the Human Haad from Wirslazs
Communications Davices: Measuraman! Tachnigues’ Decamber 2003

CEMELEC EN 50381, "Basic standard for the measurement of Specific Absamplion Rals
related 1o human exposure 1o eleciromagneaiic fialds from mobile phones (300 MHz - 3
GHZ), July 2001

Meihods Applied and Intorpretation of Parmmeters:

NORMx, vz Assessed for E-field polarizaton 0 = 0 {f = 000 MHz in TEM-call; f > 1800 MHz:
R22 waveguide). NORM,y.z are only mlarmediate valuas, (e, tha uncartaintas of
MORMuy, 2 does nol eflect he E--fissded uncartatnty neide TSL [ses beow ConvF).

Y= NORMy y 7 * frequency_nesponse (see Fraquancy Response Chart), This
linearizetion |8 implamantad in DASY4 sofware warsions |atar than 4.2, The uncoriandy of
mﬂlqu-nc:.r respanss i ncieded inhe staled uncensinty of ComeF.

DEPx .z DEP are numaernical lineanzafion parameters assessed based on he dala of
Dol gwesn (Mo whesrtanly reguinesd). DCH does not degend on frequency nor media

CaonwF and Bowndary Effect Paramaters, Assassad in flat phantam using E-Ysld (ar
Tarmperature Transfer Standard for F 5 800 MHz) and msido wavaguide using aratytical fiald
distritafions bassd on powar measuraments for f = B MHz. Tha sams setups arm usad for
assassment of the parametars appliad for boundary compensaion (aipha, depth] of which
tyoical uncartainty valuss are given. Thesa paramaters are used in DASYL solfwane o
improve probe accuracy close o the boundary, The sansitivily in T5L comesponds 1o
NORMx, vz * Cone™ whereby the uncereinty comesponds fo thal given foe CoaneE A
frequency dependent CorF B vaed n DASY 4.3 B1T and highar which allows axtending
the validity from £ 80 MHz to + 100 MHz

Sphercal [sotropy (20 dewation frown lsafropyd: in a fiesa of low gradients realined usng a
flat phantom exposad by & patch antanns,

Sensa Offsel The sensar offsel comesponds (o U offsel of virfusl measuremsnl cenbes
from the proba bp (on probe axis). No iolerence required

Coriflzms No: ET3.1783 Baplidé P 2 &1 0
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ETADVE SN-1Ta8 Saptember 30, 2004

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibrated: August 29, 2003
Recalibrated: September 30, 2004

Calibrated for DASY Systems

[Mdofsc ron=compabble wih DASYD spstem|]

Catiificels Mo BT T8 _Sas0d Pugss 1 o B
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ETIDWVE SH:1T88 Septamber 30, 2004

DASY - Parameters of Probe: ET3DVE SN:1788

Sensitivity in Free Space™ Dinde Comprassian”
Marris LE8 - AES pvivem’ DCP X By
Moarmy .70 = acs PR GCP Y g
Warm? 1.74 = 25% EAITmE DCe 7 84

Sensitivity in Tissue Simulaling Liguid (Conversion Factors)

Please 302 Page A.

Boundary Effect
TEL 800 MHz  Typical SAR gradiend: § % per mem
Sonagr Cander 0 Phaniom Sorisor Distnnos 17 mm 4,7 mm
Sake, %) Wihout Comction Algonthm (& 4.4
BAR, [%) Wilh Comesctian Al sm ov m1
TSL 1840 MHe  Typéeal SAR gradiant: 10 % par mm
Sanasr Carde 0 Phaniom Surfecs Dbslencs AT mem 4.7 mm
BAR, %] Wilhout Camsction Algoriltm 120 B2
SaR,, [%] Wih Comsstsn Alg e og o
Sansor Offset
Frobe Tip in Sersor Canlsr 2.7 mm

[The reported uncertainty of measdremesnd is stated as the slandard uncertainty af
mesasuremen] mulliplied by the coverags lacior k=2, which for a normal distribution
cormBponds (o & coveraga probability of approximataly 95%.

® Flae o cotairian of Mol ¥ B b o allest e B e ur ey e TEL e Sage )
" Wammrizal | remrianon §ErSrES L ST MR R

Corificaie Noo ET3-17E_Sepld Pope 4 of 8
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ETADYE SH:1THE Saptombar 30, 2004

Frequency Response of E-Field
(TEM-Call:f1110 EXX, Waveguise: R2Z]}

0.5
[+
er
oa
-
r R 100 130 P e A
1wz}
—a— TER —8—A77
Urariainty of Fraguency Rosponda of E-Nekd: £ 6.5% (W32}
Caridcats Mo: E73-1703_ SaplM Page el
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ETIOVE SN ATHEE Septembar 10, 2004

Receiving Pattern (), 3 =0°

fm F50 Mz, TEM i1 108X f= 1800 MHz, WG R22

e il == == e K e s i T = T

10

e dl Ml —o— 0 Mz

o == {00 Wi
En: ] —i— M ki
z O ittt o S D000 B R R B R0 < T N
i i —E= R0 My

4 —ir— 2500 M

L]

2=k ]

-1.0

g = m TEg =y £ Ll 36
¢

ncerisinly of Axial mclrapy Assssamenl. & 0.5% (B=2)

Coviemw b EVL17HE Sapld Fimgye H ot 3
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ETIDVE SN:1TEE September 30, 2004

Dynamic Range f(SAR;,..4)

[Waveguida R22, f = 1000 MHz)

il =it -+ i
LE"%

LE=
=
E 154
il
-

1E-2

£-1

i E~di

[ulleli - 1 nont e it 1 il 106

BAR [k
=i T TN —— o

noa1 a 0 1 ] - -
AR jmiem']

Uncafainty af Linkardy Aehbanmast & 1A% (k=2)

Cariliczsis Mo ETH-178_Buwsba Pagu 77 B
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ETIDWE SN:1TEB

September 30, 2004

Conversion Factor Assessment

f = 800 MHz, WGELS A9 |haad)

T'm 1750 M. WGLS
.0 4

R22 nand)

—— A wlsZid -o— i1 T ] ==& - 2w e e nrETeS

Ppate) Velisty Dt TSL Permtiviyy Condussity  Alpne Ospth GomyF Uncertvicty

ExS x50 100 Head 41525k UBUILS% 112 142 674 & 11.0% (=2
e + £k ¢ 104 e 415=5% {(087:8% 1407 144 623 2 11.0% =2)
1780 2604+ 100 Head d00=8% 1402 5% L < ) 547 & 11.0% [e=F)
1800+ 600+ 100 Head 400-8% 1404+ 6% 0.85 242 578 = 11.0% =3
2000 4500 : 100 Hend 400=85% 1402 0% 00 283 458 5 11.40% =)
2450 2 BDJ 100 Head 392:8% LAD# A% 0as F3F 458 = 11.6% [B=3)
435 30 & 100 Body 55323 5% OB7LB% 104 1.52 653 @ 11.0% (amd)
B & 600 & 100 Body S64028% 108a5% s 155 .17 4 11.0% (k=3
1750 2 500 v 100 Bogy S33:5% 158:5% sl 274 4,73 4 11.0% =z
1600 & 600« 100 Bty §33=5% 152=«5% 055 ZEE 456 £ 11.40% =)
2000 &80/« 100 Bogy G33:3% 153:5% 05a 283 443 211.0% R=L)
2450 & 500 & 100 Body H2T7+5% 188:5% 0.1 200 458 = 11.8% m=2)

'm:ﬂthlmﬂllﬂl’mphhrDﬂfulﬂ-ﬂ#—-l-!-,nﬂ--:ﬂlﬂrhh-l
=F s Comwl umswrtiety ol CEIErebos Fegeency and S s noesminsy e 1 el e e ey bt

Coriificets he: ETH1TES_Sepls
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ET3IOWE BMN:1THE Beplember 30, 2004

Deviation from Isotropy in HSL
Error (i, 8], =000 MHz

B-U0-0E BaE-0Ei0 Bamondy Boa om 8 oman
D030 EII0A DENE0 BaEkls E0E X

Uncertainty of Sphencal lantrapy Axassamant: +2.6% [W=d)

Ceahcae ko G106 Gesid Paga So!§
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Calibration Laboratory of

Eerrwe zaring Ter alinoertan

Schimid & Partner S SusaE (FACH N
naering AG Bervizio swizeers o tealumn

Teughauisvasss 43 B Turion, Bwiaeiand Bowina Callraiion Bervion

At i1Ee by o o Fintirsd Ofiee of bhirokingy dral Sonedlidic Eccrmdiaion Wo: SC5 108

The Bestid Accreditslion Service i ene of the sigratscss fo the E&

Mol lileral Agraarrent far lha recogn bior ol calicalien oriNcafai

Ciers  Sporton (Audern) Canificats Mo: DAEI-STT_Movld

CALIBRATION CERTIFICATE

] DAE3 - 30 000 D03 AA - SN 57T

Ciaieash o crocesbareis) Cha, CAL-06. w10

Calibralion procedurs far the dala acquisilion unil (DAE]}

Cabealion date: Movambar 17, 2004

Cursibo o b cartrbed dem |y TOMENCE

Thish chlilraton cartiisnle Saauments IBa PAcanEy Ih naSon) atandans, which msise fs phroscsl unilta of massumesents (B,
Tha mishirirnts and e uncerisin e wih corfiderce probesbinty s gren on e Slloweng phoes bnd ded 280 S 1T ST R

Al calibragiong fery been conduced n B cosed torseny fedity: ervipnman emperslung 23 5 300 e humidily @ 0%

Casbrabion Equoment sesd PATE oilicsl for calbeslon]

Prirrsary Slansards I} Cal Date (Calitwuined by, Caraboals Mo Serasulid Calleemtion
Flukn Procsas: Collmine Typa TOF | 5N GFRSRIL] T-Req- [Rinimal, ko S-CH00T) Samp-18)
Serrndiary Sienceris [ =1 ripck Clatg i bas s s S e ek
Calitsaio! Biga Wt GE LS 008 AR 1022 98-S [BPEAG, #0668 Shik(] 17 gt DFagcR -3
Kb Furcion = ]
Calitwass: by Evic Hainfosa TiChrigian =, i T
e o

Aol by Firi Boirholt FREL Diraour r_'ﬁ{f .-;’;_'.’.':" :"5

hm-?_%.ﬂuhmnwrumhwﬁhm.

Contiicaty We: DAES-BTT_Mowld Page 1ol 8
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Calibration Laboratory of Babsinischer Kabhiresbensl
Schmid & Parinar Rridrs Gudins o Shasi g

Enginearing AG wrirra

Zovghdussirasss 41, 3604 Zurien, Switeeriasd Sewinn Cabbration Senvice
Accredii try the Siss Fagami CFioa of Mskniogy and Ascadisvion Ansmatipiins Wo.: SCS 108
Tha Swiss Accrmdialion Sorvicn | nao of #ha signaioiee o the E&
Meilistarsl Agreemenl fer the mcogniion of calibeatins cedficris
Glossary
DAE digital acquisition elecironics
Comnector angle  informalion used in DASY system io align probe sansor X io the robot

coardinate systam.

Methods Applied and Interpretation of Parametears
* O Voitage Measuramend: Calibration Facior assessed for use in DASY system by
comparison with a calibrated nstrument raceable 1o national standards. The figure given
commesponds to the full scale range of the vollmeter in the respeclive range.
«  Conrschor anghe: The angle of the connector is assessed measwring the angle
machanically by a tool insarted. Uncertainty & not reguined,

+ Tha following parameters contain technical information as a result from the performance
tast and reguire no uncertainty.

o OO Voltage Measwomen! Linganfy: Verification of the Linearity ot +10% and -10% of the
nominal calibration voltage. Influence of offsel vollage & includad in this measune menl.

= Covmmon mode senadtivily: Influence of a posilive or negative commaon mode voltaga on the
differential maasuramant.

o Channed separation; Influence of a voltage on the neighbor channels not subject to an input
wollags,

o AD Converer Values with inputs shored. Values on the internal AD converer
comespanding to zers input voltage

s input Ofsel Messurermant: Duiput vollage and statistical results over a large numbar of
faro woltags maasuramanis.

o input Offes! Current: Typical value for information; Maximum channel input affset curmant,
ficd ennsderng the input resistance.

= Input resistance: DAE input resstance al the connector, during inlemal aulo-zening and
during measurement,

o Low Baltery Alarm Vollage: Typical valua for information. Below this voltage, a battery
alarm signal s ganarated.

=  Power consumpion: Typical value for information. Supply curments in various operatng
s,
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DL Voltage Measuremant
A0 - Canvarier Regalition nesinal

High Ranga: 1L5E = G.ApV . Tul range = 100, ~+300 my
Lo Fhaingax: L8 = Bl ol range = =1, 4+ 3m0F
DASY measurement Canameiens. Aulo Zare Time: 3 54C; Maasunng tme: 3 sec
Calibration Faciors X ¥ z
Figh Range A0 43T £ 0.1% (k=2) | 409,861 20.1% (k=2) | 04350 2 0.1% (m=2)
Low Range AB4121 + 0F% (=) | JBOBRAT = 0.7 (k=) | A G808 = 0.T% (=2)
Connector Angle
|Mr.lngl1nhm.ndﬂm5‘frpulm I 1Zr=t1® J
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Appendlx
1. DC Voltage Linaarity
High Range Ing (uW) Fieading (V) Errar W)
Charmnal X + It 00000 0005 0.0
Chainal XX + Ingait 20000 20001.77 oo
Chamnal X - Input 20000 ABGE1.A81 | - 0
Chamnal * | npart 200000 160000, 7 020
Chamnal ¥ + Ingul 20000 1009020 000
Chamnel ¥ = Ingeut 20000 -1G454.832 403
Channel Z + Inpari 200000 2000002 il o]
Chamnel £ # Inpar 20000 TEESE .22 -0
Chamnel I = | gt 20000 159904674 .02
Lizw Ransge g () Raading (1) Errar {%)
Channel X 4 Inpur 2000 2000 ol o]
Chamnel X * inpur 200 200.08 0.3
Chanmad X - Ingsit ] -20{L86 044
Chanmel Y i.H;ul 2000 1H-i.i a.00
Channesl ¥ 4 Inpun 200 18T .13
Chaneel ¥ = Irgeuil. 200 -20{.53 07
Chaneed 7 + Inpid 2000 2000, 1 000
Chaneed Z + Inpu 200 199.25 4038
Chaneel 2 = Inpad a0 =201 &l 0"

2. Common maoda sensitivity

DASY eeamuremenl parametin: Ao Deco Time: 3 sec: Measuring ima: J e
Camman mede High Fange L Range
Imput Vehnge (my) Awerage Reading (V) Average Reading (pV)
Channel X 200 1318 1230
=200 261 AZmG
Channel ¥ 200 T43 TE
- 200 8.30 68.52
Channal 200 ek [ an
- 200 -1.51 -1.48
3. Channel separation
DASY measummen paamatan: Auetc Zora Time: 3& Moasuring ima: dsoc
Input Violiage (mV] | Channel X [oW) | Channsl ¥ [i¥) | Charsal Z (Vi
Channel X 200 . 1.500 .22
Chuninal ¥ 200 147 - &0
Channal Z 20 140 a8 3
Corfenic Mo; DAEI-STT_ Mo Pags d ol 5
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4. AD-Converter Values with Inputs shaorbed

A SY moasunmment : Ao Joro Tima: 3 soc; firar: 3 g
Hiigh Range (LEB) Loy Ramge [LSE)
Channel X 15648 "
Channel N L] 18073
Chnnnasl 2 [ 18172
& Input Offsat Maasuremant
DASY massunemenl paramelen: Aulo Zern Time: 3 sec; Messuring lime: ) sec
gt 10RCH
Average |p¥) min Offsed (uV) | max. Oftset (W) ‘Iﬁ._ILT}IH
Channal X =k s} 07 124 [=%. .}
Channal ¥ 055 219 1596 055
Chissinel Z o 283 043 039
&. Input Offset Current
Memiral Inpul circulry offest cumant an all channcle: <2856,
7. Input Resistance
| Faraing (W 0hm) Maanwring (MORm|
| Ehasnel X 02000 1680.3
Ghamngl ¥ 0200 2004
Chamnel F : 02001 19495
B. Low Baitery Alarm Voltage jvesiied dud 1
Typical values. Blarm Lervel (VDC)
Suppdy [+ Vez) T8
Supply (- Veg) -8
9. Power Consurmption (werilied dung pa besl) .
Typaeal valuss Bwitchod off (mA) | Stand by (mA] | Trarsmitting imA)
Supply (* Veg) +0 *f 414
Supply (- Vioo) =001 £ 4
10. Commaon Mode Bit Generation (vwified e el
Typical valuws Bit wet 1o High =t CNJIIIEEI'I“I!‘!I!IHJF Vel
Chanmel X, ¥, Z +1.25
Carificats Mo DAEIETT_Mirv(ld Poage  of §
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