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1. Statement of Compliance

The Specific Absorption Rate (SAR) maximum result found during testing for the Belkin International,
Inc. Wireless G Notebook Card Belkin F5SD7010v8 is 0.355 W/Kg on the WLAN 2.4GHz band 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
ANSI/IEEE (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).

Approved by

Jones Tsai
Manager
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2. Administration Data

2.1 Testing Laboratory

Company Name: Sporton International Inc.
Department : Antenna Design/SAR
Address: No.52, Hwa-Ya 1* RD., Hwa Ya Technology Park, Kwei-Shan Hsiang, TaoYuan

Hsien, Taiwan, R.O.C.
Telephone Number : + 886-3-327-3456
Fax Number : + 886-3-327-0973

2.2 Detail of Applicant

Company Name: Belkin International, Inc.
Address: 501 West Walnut Street, Compton, CA 90220-5221, U.S.A.

2.3 Detail of Manufacturer

Company Name: Arcadyan Technology Corporation
Address: 4F, No.9, Park Avenue II, Science-based Industrial Park, Hsinchu 300, Taiwan,
R.O.C.

2.4 Application Detail

Date of reception of application: Aug. 16, 2007

Start of test : Sep. 20, 2007
End of test : Sep. 20, 2007
©2007 SPORTON International Inc. SAR Testing Lab Page 2 of 29
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3. Scope

3.1 Description of Device Under Test (DUT)

DUT Type: Wireless G Notebook Card
Trade Name: Belkin

Model Name: F5D7010v8

FCCID: K7SF5D7010H

Type of Modulation : DSSS / OFDM

Frequency Range:

2400 ~ 2483.5 MHz

Maximum Output Power to Antenna:

802.11b : 17.92 dBm
802.11g: 17.94 dBm

Antenna Type:

PCB Printed

Antenna Gain :

1.5 dBi

©2007 SPORTON International Inc. SAR Testing Lab
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3.2 Product Photo

Please refer to Appendix D
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3.3 Applied Standards:

The Specific Absorption Rate (SAR) testing specification, method and procedure for this Wireless G
Notebook Card 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)

©2007 SPORTON International Inc. SAR Testing Lab Page 5 of 29
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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 Conditions

3.5.1 Ambient Condition:

Item MSL 2450
Ambient Temperature (°C) 20 ~ 24
Tissue simulating liquid temperature (°C) 21.7
Humidity (%) <60

3.5.2 Test Confiquration:

The data rates for SAR testing are 1Mbps for 802.11b and 6Mbps for 802.11g. Engineering testing
software installed on the EUT 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.

©2007 SPORTON International Inc. SAR Testing Lab
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4. Specific Absorption Rate (SAR)

4.1 I ntroduction

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.
). The equation description is as below:

SAR = g(d_vvj :g(d_vvJ
dt\ dm dt\ pdv

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

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

L
SAR= C—

, where C is the specific head capacity, o T is the temperature rise and 't the exposure duration,

or related to the electrical field in the tissue by

sar= ClEL
P

, where O is the conductivity of the tissue, O is 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.

©2007 SPORTON International Inc. SAR Testing Lab Page 7 of 29
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5. SAR Measurement Setup

Remote Control Box

o =
O
o | s— | —
O I:II:II:I\
Signal Lamps
SRR
MWeasurement Server
DASY4
Light Beam
P 2% Serial +
Digital KO

Electro-Optical Conwerter (EQC)

DAE

(Qpt. Link)
(Opt. Link)

Teach Pendant

Robot Controller
[CSTMB-type)

E-field Probe
(touch serface detect)

1

+ Phantom

| | Tissue Simulating

Liguic

- Device Under Test

Dewice Holder

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:

Tissue simulating liquid
Dipole for evaluating the proper functioning of the system

» 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, etc.

» The SAM twin phantom

» A device holder

>

>

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.

©2007 SPORTON International Inc. SAR Testing Lab Page 9 of 29
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511 ET3DV6 E-Field Probe Specification

Construction

Calibration

Frequency
Directivity

Dynamic Range
Surface Detection

Dimensions

Application

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)

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

10 MHz to > 3 GHz

+ (0.2 dB in brain tissue (rotation around
probe axis)

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

SIAW/g to > 100mW/g; Linearity: +£0.2dB
+ 0.2 mm repeatability in air and clear
liquids on reflecting surface

Overall length: 330mm

Tip length: 16mm

Body diameter: 12mm

Tip diameter: 6.8mm

Distance from probe tip to dipole centers:
2.7mm

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

Fig. 5.2 Probe setup on robot

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:

©2007 SPORTON International Inc. SAR Testing Lab
This report shall not be reproduced except in full, without the written approval of Sporton. Rev. 01
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> ET3DV6 Probe

NOTE:

1. The probe parameters have been calibrated by the SPEAG.

5.2 DATA Acquisition Electronics (DAE)

Sensitivity Xaxis: 1.63 pV Y axis : 1.66 uV Z axis : 2.08 pV
Diode compression point X axis : 92 mV Y axis : 96 mV Z axis : 91 mV
Fre'\jL'J_'mcy X axis Y axis Z axis
Conversion factor (MH2)
(Body)
2350~2550 4.02 4.02 4.02
Frequency
Alpha Depth
Boundary effect (MHz) s =
(Body)
2350~2550 0.65 2.15

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 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.

©2007 SPORTON International Inc. SAR Testing Lab
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5.3 Robot

The DASY4 system uses the high precision robots RX90BL type out of the newer series from Stidubli
SA (France). For the 6-axis controller DASYS system, the CS7MB robot controller version from
Staubli 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

VVVYVYVYVY

5.4 Measurement 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.

5.5 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.

©2007 SPORTON International Inc. SAR Testing Lab Page 12 of 29
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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

©2007 SPORTON International Inc. SAR Testing Lab Page 13 of 29
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5.6 Data Storage and Evaluation

5.6.1 Data Storage

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 post-processing 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 non-louse 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 post-processing 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, a2
- Conversion factor ConvFj
- Diode compression point depj
Device parameters - Frequency f
- Crest factor cf
M edia 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 multi-meter 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.

©2007 SPORTON International Inc. SAR Testing Lab Page 14 of 29
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The formula for each channel can be given as

Vi = u+ u
1 1 deI

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

Efiddproves E, — |—
Norm ConvF
2
H-fidd probes H, = NW
with Vi = compensated signal of channel i (i =X, y, z)

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

ConvF = sensitivity enhancement in solution

a, = sensor sensitivity factors for H-field probes

f = carrier frequency [GHz]

Ei = 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)

Etot = \IE>2<+E5+E§

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

SAR = E’ o

tot ®

0-1000

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

©2007 SPORTON International Inc. SAR Testing Lab Page 15 of 29
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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

— Eu — 2
Ppwe ﬁ or Ppwe Htot 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

©2007 SPORTON International Inc. SAR Testing Lab Page 16 of 29
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5.7 Test Equipment List

. . Calibration
Manufacture]  Name of Equipment Type/M odel Serial Number
Last Cal. Due Date
SPEAG 2450MHz System D2450V?2 736 Jul. 12, 2007 Jul. 12, 2009
Validation Kit
Data Acquisition
SPEAG . DAE3 577 Nov. 21, 2006 Nov. 21, 2007
Electronics
SPEAG Device Holder N/A N/A NCR NCR
SPEAG Phantom QD 000 P40 C TP-1150 NCR NCR
SPEAG Robot Staubli RX90BL | FO3/5W15A1/A/01 NCR NCR
DASY4
SPEAG Software V4.7 Build 53 N/A NCR NCR
SEMCAD
SPEAG Software V1.8 Build 172 N/A NCR NCR
SPEAG Measurement Server SE UMS 001 BA 1021 NCR NCR
Agilent ENA Series Network E5071C MY46100746 Feb. 21, 2007 Feb. 21, 2008
Analyzer
Agilent W‘releSSTizinsrz;‘mca“"“ E5515C GB46311322 Dec. 22, 2006 Dec. 22, 2008
Agilent Dielectric Probe Kit 85070D US01440205 NCR NCR
Agilent Dual Directional Coupler 778D 50422 NCR NCR
Agilent Power Amplifier 8449B 3008A01917 NCR NCR
Agilent Power Meter E4416A GB41292344 Feb. 08, 2007 Feb. 08, 2008
Agilent Power Sensor E9327A US40441548 Feb. 08, 2007 Feb. 08, 2008
Agilent Signal Generator Eg8247C MY43320596 Mar. 01, 2006 Mar. 01, 2008

Table 5.1 Test Equipment List

©2007 SPORTON International Inc. SAR Testing Lab

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

Page 17 of 29
Rev. 01



waron e FCC SAR Test Report

Test Report No !

FA781608-1-2-01

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:

Salt: pure NaCl — to increase conductivity

spread of bacteria and molds.

YV WV VVVY

to reduce relative permittivity.

Water: deionized water (pure H,0), resistivity

Cedlulose: 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

16MQ2- as basis for the liquid
Sugar: refined sugar in crystals, as available in food shops — to reduce relative permittyvity

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

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

Ingredient MSL-2450
\Water 698.3 ml
DGMBE 301.7 ml
Total amount 1 liter (1.0 kg)
Dielectric Parametersat 22° |(f=2450MHz

£~ 52.7+5%,0=1.95+5% S/m

Table 6.1 Recipes of tissue Simulating Liquid

The dielectric parameters of the liquids were verified prior to the SAR evaluation using an Agilent
85070D Dielectric Probe Kit and an Agilent Network Analyzer.

©2007 SPORTON International Inc. SAR Testing Lab
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Table 6.2 shows the measuring results for muscle simulating liquid.

Bands |Frequency(MHz)|Permittivity (€)|Conductivity (O) . %?;tgnmt
2412 1.92 53.1

2450 MHz 2437 1.95 53.0 Sep. 20, 2007
2462 1.99 53.0

Table 6.2 Measuring Resultsfor Muscle Smulating Liquid

The measuring data are consistent with &= 52.7+ 5% and o= 1.95 + 5%.

Fig 6.1 Theliquid height from the bottom of the phantom body is 15.2 centimeters

©2007 SPORTON International Inc. SAR Testing Lab
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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 effects 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

Uncertainty .
Distributions Normal Rectangular Triangular U-shape
Multiplying factor® 1k ®) 1/V/3 1/~/6 12
(a) standard uncertainty is determined as the product of the multiplying factor and the estimated range of variations in the measured
quantity

(b) K is the coverage factor
Table 7.1 Standard Uncertainty for Assumed Distribution

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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Error Description Uncertainty P_rob_abil?ty Divisor Ci Stadl:grd c\)llr
Valuex % Distribution 1g (1-9) Velf

M easur ement System
Probe Calibration +4.8 Normal 1 1 +4.8 ©o
Axial Isotropy +4.7 Rectangular \3 0.7 +1.9 ©o
Hemispherical Isotropy +9.6 Rectangular \3 0.7 +3.9 0o
Boundary Effect +1.0 Rectangular \3 1 +0.6 o
Linearity +4.7 Rectangular \3 1 +2.7 ©0
System Detection Limit +1.0 Rectangular \3 1 +0.6 o
Readout Electronics +1.0 Normal 1 1 +1.0 ©o
Response Time +0.8 Rectangular \3 1 +0.5 ©o
Integration time +2.6 Rectangular \3 1 +1.5 ©0
RF Ambient Conditions +3.0 Rectangular \3 1 +1.7 ©o
Probe Positioner Mech. Tolerance +0.4 Rectangular \3 1 +0.2 o
g;zziof;gsslggﬁmg with respect to +29 Rectangular \3 1 +1.7 o
Extrapolation and Interpolation
Algorithms for Max. SAR +1.0 Rectangular \3 1 +0.6 o
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}tput Power Variation-SAR +50 Rectangular 3 1 29 o
drift measurement
Phantom and Setup
Phantqm uncertainty(Including shay 4.0 Rectangular 3 1 93 o
and thickness tolerances)
Liquid Conductivity Target +5.0 Rectangular V3 0.64 +1.8 ©o
tolerance
Liquid _Conductivity measurement 95 Normal 1 0.64 416 oo
uncertainty
Liquid Permittivity Target +5.0 Rectangular \3 0.6 +1.7 o
tolerance
Liquid Permittivity measurement 95 Normal 1 0.6 415 o
uncertainty
Combined standard uncertainty +10.3 330
Coverage Factor for 95% K=2
Expanded uncertainty Normal +20.6
(Coverage factor = 2) (k=2) 27

©2007 SPORTON International Inc. SAR Testing Lab
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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 System 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
1s shown below:

5
/\ | Cable > 2m
1 )2 /\/\/\ 3 - =
Attn. 3db
(M)
4
Fig. 8.1 System Setup for System Evaluation
©2007 SPORTON International Inc. SAR Testing Lab Page 22 of 29
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1. Signal Generator

2. Amplifier

3. Directional Coupler

4. Power Meter

5. 2450 MHz Dipole

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

Fig 8.2 Dipole Setup
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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 easurement data .. M easur ement
Band SAR Target (W/kg) (W/kg) Variation date
SAR (1g) 52.5 53 1.0 %
2450 MHz Sep. 20, 2007
SAR (10g) 24.4 25.1 2.9%

Table8.1 Target and Measured SAR after Normalization

The table above indicates the system performance check can meet the variation criterion.
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9. Description for DUT Testing Position

This DUT was tested in one position. It is “Dell D500 Notebook Bottom Touch”.

Remark: Please refer to Appendix E for the test setup photo.
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10.Measurement Procedures

The measurement procedures are as follows:

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.

VVYVYVYVY

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

» Areascan

» Zoom scan

»  Power reference measurement

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
extrapolation 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 Dell D500 Notebook Bottom Touch

Modulation| Conducted | Power Drift [Measured 1g| Limits
Mode |Chan.|Freq (MH2)| ™% 1" oot el @By | SAR (Wika) |(Wikg| REHIts
1 2412(Low) CCK 17.92 0.16 0.355 1.6 Pass
802.11b 6 2437(Mid) CCK 17.65 0.004 0.283 1.6 Pass
11 | 2462(High) CCK 17.80 0.169 0.185 1.6 Pass
1 | 2412(Low) | OFDM 17.57 - - - -
802.11g 2437(Mid) OFDM 17.74 0.11 0.152 1.6 Pass
11 [2462(High)| OFDM 17.94 - - - -
Test Engineer John Tsai
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Appendix A - System Performance Check Data

Tewt Labovatory: Sporton Internanonal Tne. SAR Tewtmg Lab Doaee; H0T520
System Check Body 2450MHz2
DUT: Dipole 2450 MHz

Communication System: CW; Frequency: 2450 MHz;Duty Cyele; 1:1

Mediwm: MSL 2450 Mediun parameters used: £= 2450 MHz: o = 1.97 mho/m; € =33 p=1000 ka/m*
Ambicent Temperiture © 23.0 'C: Liguid Tempenmure @ 21.7
DASY4 Configuration:

- Probe: ET3DV6 - SN1787: ConvE(4.02, 4.02, 4.02): Calibrated: 2007/8/28

= Sensor-Swrface: dmm (Mechameal And Optical Surface Detection)Sensor-Surface: 4nmun (Mechmmeal Surfoce
Detection)

- Electropics: DAE2 Sn577; Calibrated: 2006/11/21

- Phantom: SAM-B: Type: QD 000 P40 C; Senal: TP-1383

= Measurement SW: DASYY, V4.7 Buald 53; Postprocessing 5W: SEMCAD, V1.8 Buwld 172

Pin=100mW/Area Scan (91x21x1): Measurement grid: de=10mam. dy=10mun
Maxmmmn value of SAR, (interpolated) = 621 mW/g

Pin=100mW/Zoom Scan (Tx7xTV/Cube 0: Mensirement grick: dx=Snon, dy=Snun, de=Snon
Beference Value = 38 4 Vine Power Dnft = 0.007 dB

Peak SAR (extrapolated) = 11,3 Wika

SAR(D g) = 5.3 mWig: SAR(10 g) = .51 mWig

Maximmm value of SAR (measured) = 3.97 mW/z

dB
1 D000

-4.02

.04

-12.1

20.1

0dB = 5.9TmW/g
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Appendix B - SAR Measurement Data

Tew Laboratory. Sporton Internanonal Ine, AR Testmg Lal Date: 2007920
Body 802.11b Chl_ Nolebook Bottom Touch
DUT: 781608

Communication System: 802.11b ; Frequency: 2412 MHz:Duty Cyele: 1:1
Medimm: MSL_2450 Medinm parameters used: = 2412 MHz: 6 = 1.92 mho/m: & = 53.1: p = 1000 ke/m?
Ambient Temperature * 22,9 'C; Liguid Temperature * 287 T

DASYY Configuration;

- Probe; ET3DV6 - SN1787; ConvF(4.02, 4,02, 4.02); Calibrated: 2007/8/28

- Sensor-Surface: dnmn (Mechamcal Surface Detection)

= Electronics: DAE3 $u577; Calibrated: 2006/11/21

- Phamom: SAM-B: Type: QD 000 P40 C; Serial; TP-1383

= Measurement SW: DASYA, V4.7 Buld 53; Postprocessing SW: SEMCAD, V1.8 Buld 172

Chl/Area Scan (51x41x1): Measurement grid: dv=15mm_dy=15mm
Maximm valie of SAR (interpolated) = 0.401 mWg

Chl/Zoom Scan (335x7)/Cube 0: Measurement grid: dx=8mun, dy=8nmum. dz=5num
Reference Value = 13.7 Vi Power Dnft = 0.160 dB

Peak SAR (extrapolated) = 0.695 Wik

SAR(1 g) = 0.355 mWig; SAR(10 g) = 0.201 mWig

Maccinoum value of SAR (measured) = 0.374 mW/g

-3.42

-G.04

-10.3

REN

At |
0 dB = 0.3 T4mWia
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Tew Laboratory. Sporton International Ine, SAR Testmg Lab Dare; 007920
Body 802.11g Ch6 Notebook Bottom Touch
DUT: 781608

Comupmmication System: 802.11g: Frequency: 2437 MHz:Duty Cycle: 111
Medimn: MSL_2450 Medium parnmeters used: £= 2437 MHz, 6 = 1.95 mho/m; &= 53: p = 1000 kg/m’
Ambtent Temperature © 227 'C; Liguid Temperuture * 20,7 °C

DASYY Configuration:

- Probe; ET3DVE - SN1787; ConvF(4.02, 4,02, 4.02); Calibrated: 2007/8/28

- Sensor-Swrface: dmm (Meclhanical Surface Detection)

- Electronics: DAE3 SnS577; Calibrated: 2006/11/21

- Phantom: SAM-B: Type: QD 000 P40 C; Serial: TP-1383

= Measurement SW: DASY A, V4.7 Build 53: Postprocessing SW: SEMCAD, V1.8 Build 172

Ché/Area Scan (51x41x1): Measurement grid: de=15mnm. dy=15mm
Maxumnn value of SAR (mtarpolated) = 0,171 mWig

Cht/Zoom Scan (3x5x7)/Cube 0: Measurement gnd: dx=Smmn, dy=8mm, dz=5mm
Reference Value = 9.07 Vi Power Drift =0.110 dB

Peak SAR (extmpolated) = 0298 Wikg

SAR(1 g) = 0.152 mW/g; SAR(10 g) - 0.086 mWig

Maximum valee of SAR (measured) = 0.162 mW/g

-3.26

Region

.52

X

-9.78

-13.0

-16.3
0dB = 0,162mW/g
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Tew Laboratory. Sporton International Ing, SAR Tewtmg Lab Dare; Y00T79720
Body 802,11b Chl_ Notebook Bottom Touch 2D
DUT: 781608

Comupmmication System: 802.11b ; Frequéency: 2412 MHz:Duty Cycle: 1:1

Medim: MSL_2450 Medium parameters used: £= 2412 MHz: ¢ = 1.92 mho/m; € = 53.1. p = 1000 ke/m?

Ambient Temperature © 229 'C; Liguid Temperuture * 20,7 °C

DASYY Configuration;

- Probe: ET3DVE - SN1787; ConvF(4.02, 4,02, 4.02); Calibrated: 2007/8/28

= Sensor-Suface: dmm (Mechamical Surface Detection)

- Electronics: DAE3 Sn$77; Calibrared: 2006/11/21

- Phantom: SAM-B: Type: QD 000 P40 C; Serial: TP-1383

- Measurement SW: DASY4, V4.7 Build 53: Posprocessing SW: SEMCAD, V1.8 Build 172

Chl/Area Scan (51x41x1): Measurement grid: dx=15mm. dyv=15mm
Masinmum value of SAR (mterpolated) = 0,401 mWig

Chl/Zoom Scan (3x3x7)/Cuabe 0: Measurement gnd: de=fmm, dy=8mum, dz=Smm
Reference Value = 13.7 Vinu Power Drift = 0,160 dB
Peak SAR (exmmpolated) = 0,695 Wikg
SAR( g) = 0.355 mW/g: SAR(10 g) - 0.201 mW/g
Maximum value of SAR (measured) = 0.374 mW/g
1g/10g Averaged SAR
LAR; Zoom Eean'Valm Aleap I, X=l, Yul

03

F

%nm

L]

L B B N RN LR
e

019

f

oges 000 s oozo 005 0030 0.035
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Appendix C — Calibration Data

Calibration Laboratory of
Schmid & Partner

i;\%
Engineering AG : X

Zeughausstrasss 41, 004 Zurich, Switzarlard ‘1@#
ol

Apreciied Dy ihe Swiss Foderal QMow of Melnslogy and Acorocitaio
Thit Swiss Accreditation Service IS one of the signatonas (o tha EA
M sl abarad ﬁgrul-nt fae tha recognilbon of calibratlon certifheybes

clent  Sporton (Auden)

Strwersrischar Kallbriasdlenst
Sarvics suinse d'atakannagn
SBarvizio svizzora di tarstura
Swisa Calibration Sarvice

accreditation No.; SC5 108

Carificate No: D2450V2-TI6_Juld?

CALIERATION CERTIFICATE

Oibject

Camraton pragecune(s)

Caiberaton cate

Condition of [ calibratad ibem

D2450V2 - SN 736

A CAL-D5 V6

Calibration procedurs for dipale validation kits

July 12, 2007

In Telerance

Caibraton Equipmaat utad (MATE crifical for calbraton)

Thiz caibraton cerifcate documants the traceablity to national sandanis, which resize the physical units of moasuements (513,
Tha measureron's and te unceriaintios with confidence probabilty mre given on ihe following peges and e part of e cerifcat,

A calbrabers hano soen ooiduciod in tha cosed shorolony Evdilty: emdronment emperatum (22 & 35°C and humidity © T4

Primary Slanderds [ o# tal Caiw (Calibrated by, Carficata bo.) Schaduled Caibration
Porwar mtar EPM-143A GEITABITOY 03 O 0 (METAS, Mo 21 7-00808) Qol 07
Prwer sernor HP 84814 USITILITES Ca-Oct-00 (METAS, Mo, 21 7-00000) Col-0T
Fterence 20 05 Atenusicr SM: 5084 (2050 10-Aug-06 (METAS, M 21 7-00581) Aug-oT
Rsterancs 10 65 Afenislics | SN: 50472 410¢) 10-hug-08 (METAS. Na 217-00500) Aug-07
Redoroncs Probe ESI0V3 SM 3025 18-0ct-08 (SPEAG, Mo, ES3-3024_OctOh) Ootai7
Daz4 | an o0 30-Jar-0T (SPEAG, Mo DAEA-801_JandT) San-0a
Seconday Shndards =1 Cihucs Dabo in houss} Schaduled Chack
Porvent serar P D431 A | MvaroazmT 1B-0et-02 (SPEAL, in howse check Ocl-05) I lenme e, Oct-0T
RF genatEr Aglent <4218 MY & 1000ET S 11-0ay-08 [SPEAG, In nouss chack NowBl  In house chack: Mou-0T
Mok falyzer P BTANE | USATHR0NAS 54208 1B-Oct (SPEAS, in houma chack Det06) I bt chacic Oct-07
hama Furicon Sgrabre

Caibrabed by Min Meil Laientory Techrician e

i : T-l ‘1—1&;\\
Aopeoed by: Kl Pohoic Techmical Managar

lesued: July 12,

Tris caibrabon certfcate stwl nol be aroduces axcapl in full without wiitien aporcval of the aboatory.

Certificate Mo 02450V2-756_Julld?
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Calibration Laboratory of Ay Schweinrscher Kalibrie dlenst
Schmid & Partner i‘\“://l‘ Sorvice subtes ddtalannage
Engineering AG e Sarvizio svizzars di tatatuta
m?ﬁmmi 8004 Zusich, Switzerand ‘“"ﬁ:ﬁw’}- Swiss Callbration Service
Accraciind by Ine Swiss Federal Office of Mekology snd Accreditalion Accreditation No.: SCS 108

The Swiss Accrediiation Sarvice ls one of tha signatades to fhe E&
Multidlsieral Agreement for the recognition of calibration cortifizatos.

Glossary:

TSL fissue simulating Aouid

ConvF sensitivity in TSL / NORM x.y.2

A, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 5td 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wirelass
Communications Devices: Measuremant Techniques®, December 2003

by IEC 62208-1, "Procedura to measure the Specific Absomption Rate (SAR) for hand-held
devices used In close proximity 1o the ear {frequency range of 200 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technalogy (FCC OET),

“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
Electromagnetic Flelds; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4 System Handbook

Methods Applied and Interpretation of Parameters:

Measzuremeant Conditicns: Further details are available from the Validation Report at the and
of the cerificate, All figures stated in the cerdificate are valid at the frequency indicated.

Anfenna Parameters with TSL: The :.Iipq::t:n is mounied with the spacer to position its fead
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at tha SMA conneclor to the faed point. The Return Loss ansuras low
reflected power. No uncertainty required.

Eleclrical Delay: One-way delay betwean the SMA conneclor and the anterna feed point,
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized 10 an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used lo calculate the
nominal SAR result.

Cenificate No: D2450V2-T35_Jul07 Paga 2 of 8
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Measurement Conditions

DASY sysiem configuration, o3 far as not glven on page 1.
DASY Version DASY4 Va7
Extrapolation Advanced Extrapolation
Phantom Modulsr Fla: Prantom V5.0
Distance Dipole Center - TEL 10 mm wilth Spacer
Zoom Scan Resoblution . dy. dz =5 emin
Froquency 2450 MHZ # 1 MHz [
Head TSL parameters
The lolicwing paramaters and calculations ware appled
Temperature Perminivity Conductivity
Nominal Head TSL paramaters | 2.0°C 6.2 1.80 mibehm
Measured Head TSL parameters | (z20t0.21°C WELE% 1.81 mhoim £ 6%
Haad TSL temperature during test | (220202)°C - e
SAR result with Head TSL
SAR overaged over 1 em® (1 g) of Head TSL condition
_Eu_!.ﬁ_rl:m_isulgj _ 250 MW Inpul powsar 13.3mw g
| SAR normslized rormalized to 1W 532mW g

SAR for naminal Head TSL parameters

narmalized to 15

BT mW g2 17.0 % [k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL

conditton
SAR measured 250 mWW inpul powar BATmW /g
S5AR normmalized narmalizad 1S W 247 mWW i g
SAR for nsminal Haod TEL parameters ' normalized to 1W 245 mW | g+ 16.5 % [k=2)

! Comection to nominal TSL perametars accanding to d), chapler “SAR Sancitivities™

Cartificals No: D2450V2-T30_JuldT
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Body TSL parametlers
Tha following paramelers and caloulabons were applisd.
Temperatura Parmittivity F:g_ﬁ;_lul:ﬂﬂlr
Nominal Body TSL paramaters 20°C 5271 1.85 mhoim
Maeasured Body TSL parameters Z20+02)°C 5351 6% 1.84 mhaim 2 6 %
Body TSL temperatiure during test (Z20+0.2)°C —_— -
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condifion
SAR measuied 250 mW npul power 13.0mwW g
SAR nomnalzed nomatized to TW E20mW /g

SAR o nominel Body TSL perametars © nonmatized to 1W S2.5mW g2 17.0 % [k=2)
SAR overaged over 10 cm’ (10 g) of Body TSL Condition |

SAR maas.ed 250 W npul power | 05 mW fg

SAR nomalized normalized to 1W 2MImN g

SAR for nominal Body TSL parameters

nomalized to 1W

244 mW [ g+ 165 % [k=2)

* Correction 1o nominal TSL parameters according 1o d|, chapter “SAR Senalitivities”

Cedificatm Mo’ DP450VP 8o ?
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Appendix
Antenna Parameters with Head TSL

Impodance, trarsfommad to feed point Bi1= 300
Retum Loss - 2r.6dB

Antenna Parametars with Body TSL

Impedance, rarsformad o faad point AR T+ 48[
Ratun Loss 26.3 0B

General Antenna Parameters and Design

| Elezineal Detay (ane ciraction) [ 1158 ns

After long lerm use with 100W radiated power. ony a slignt warming of the dipole near e feadpaint a0 D8 Measured.

The dpole is made of sianderd sermrigid coaxial cable. The centar conductor of the feeding line i direclly connecied 1o the
seoond arm of the dipole. The anlenna is thareiore shor-clreulted for DC-signals.

Mo excassne lorce musl be applied lo the dipole arms, becsuse they might bend or the soldered connections near the
feedpeint may be damoged,

Additional EUT Data

Manufsetured by SPEAG
Manulaclured on August 26, 2003
Corilficate No: D2450V2-T36_Juiy Paga 5ol 8
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DASY4 Validation Report for Head TSL

Date/Time: 12.07.2007 11:00:03

l'est Labormtory: SPFEAG, Zurich, Switzeriand

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SNT36

Communication System: CW-2430; Frequeney: 2430 MHz: Duty Cyele: 1:1
Medium: HSL U'10 BB;

Medium parseters wsed: = 2450 MHe; o = 181 mho/m; & = 38.6; p = 1000 l‘.\:’m]'
Phantom scetion: Flat Seetion

Measurement Standard: DASYS (High Precision Assessment)

DASY4 Configuration:

Prabe: ESI0WV 2 - SN3025 (HEF) CanviE(d.5, 4.5, 455 Calibrasd: 19, 10,2006
Sensor-Surface: dmm {Mechanizal Surfsce Detection)

Electronics: DAED Sn601: Calibmicd: 30.00.2007

Phagtony: Tlal Phantom 50 fronty, Type: QDOABPS0AA

Memarement §W: DASYL, V4.7 Build 53, Postprocossing SWi SEMCAD, V1LE Build 172

Pin =250 mW; d = 10 movZoom Sean (7x7x7)/Cube 0:
Mezsurement grid: dx=Smm, dy=5mm, de=5mm

Beferenee Value = 93,0 Vim; Power Diifi = -0.004 dB

Peak SAR (extrapolated) = 28.1 Wikp

SAR(1 g) =133 mW/g SAR(10 g) = 6,17 mW/g

Meximum value of SAR (measured) = 15.0 mW/g

d8 |
0.000

-10.0

=20.0

-25.0

0 d8 = 15.0mW/g

Cerlilicaie Np. DZAS0VZ-T38_ (7 Fage B ol 9

©2007 SPORTON International Inc. SAR Testing Lab
This report shall not be reproduced except in full, without the written approval of Sporton.

Rev. 01



=~oron e FCC SAR Test Report

Test Report No !

FA781608-1-2-01

Impedance Measuremant Plot for Head TSL

10104 o

EIEIF 0 LFLAT pH

12 Jul Ted7 485133
2 400 D08 Gl HH

=

b= !
AN ,
G | = = A
- 1
E !F'f — 5
1' ) - = F e f‘;
g \,‘ \ P o
LN e N, Vo
' \H-,_ﬁ_ ___j_____.-r"',
eMI SAL W00 O oBCREF 2R 2 —ATaEA2 0 2 ATR.E00 000 MHE
|
Cor -‘_‘""‘---_.__ __-.'___'____.,_._-——
L
‘<.\‘\ rJf.r T
* 7
: |
CERTOR I AS0Lumie o0e ros EPFN G EaE B0 Mz
Cerlficats No: D2450V2-730_Juldv Pagea 7o' 8
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DASY4 Validation Report for Body TSL

Dare/ Time: 12.07.2007 12:28:49

Test Laboratory: SPEAG, funich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Seriul: D2450V2 - SNT36

Communication System: CW-2430; Frequency: 2450 MHz: Duty Cyele: 1:]
Medium: MSL ULD BB;

Medium parmeters usal: = 2450 MHz: 0 = 1.94 mho/m; & = 53.5; p= 1000 kg/m®
P'hantom seefion: Flat Section

Mensurement Standord: DASYS [High Precision Assessment)

NASY4 Configuration;

-

Pin=

Probe: ES30VI - SNEDS (HF); ConvE(8 16, 4. 16, 4, 16); Caliboted: 19102006
Senuor-Surface: 4mm (Mechanical Surface Detection)

Electromics: DAEA Snfll | ; Calibrubeck: 30,01 2007

Phamtom: Flat Phantom 5.0 (back); Type: QDOMMFS0AA

MMesurancnl SW. DASYE, V4.7 Bulld 53; Postprocessing 5W: SLMCAD, V1. Duild 172

250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0:

Meusurement grid: ds=5mm, dy=3mm, die=5mm
Reference Value = 88.6 Ving Power Dnft — 0,005 dB
Peak SAR (extrapolated) = 27.0 Wikg

SAR(1 g) =13 mWig; SAR(10 g} = 6,05 mW/g
Maximum value of SAR (mc}umﬂ} = |48 mWig

-5.00

<15.0

=20.0

-25.0

O dB = 14.8mWig

Cenificale No: D2450Y2-738_JuidT Paga & ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of AN

Schmid & Partner EN=cs
inearing AG ﬁ — E

zui?mr—-ng, £004 Burich, Switcertamd Lﬁj

Aarrenie by Ihe S Fedeml Dfics of Metrology enc dconedisdion
Tha Swiss Accroditation Sorvioo in on of the signatories to the A
Muallilgteral dgresman for e recognition of cal lbraiion cert ficates

Trew Cafitraliot cobcale o el T Lty I acional clanis, which reaios S phyecal unis of ressursrens (51)

The Tesdidm=untuls A B ufcerinass with (o falenoy probebety se given o the ipkowsng ceges and ane pard of the orisficabe

Al ikl Nt gy dond b1 Wiy o) ety [uecdily. wrwmonivant il (22 2 30 el baamably ~ TO%

Cakbrwson Cocpmant usad (VATE erticsl for colBewrion )

Frenery Starcaiy os o Dy {Cataming by, Corificale Mo.) Sehudued Calleation
Py moier B4 158 A AT M7 (METAS, Mo IT-006TT Pl
Pownr sonsoe Edd L2 WY AREXTT TaMm-OT (METAS, Mo 217006110 (ST R ]
Povesr sarmor E44124 MY E0ET M T (METAS, M. 217-006T0) Fln o8
Hainmanos 1 dl) Stmrmirios S B () BehuagIT [METAS, b 217-00715) a0
Rufernnc 20 08 Ahenusior ShE S50 (F00) FRManOT (METAS, S 51700671} [T
Fotwiyiny 30 S At S 54129 (300) Bedusg-0T (METAS, ho 217-00720) T ]
Fiederprae Probe EBING 4 3013 delan07 (SPEAG, No ES3EN1T andT) dano3
GHEA o A RS OT (AL Mo (ALl &pi7 | Al
<13 _Clwck Datis (i1 Iouse) Sched.es ek
RF ganamess HP BLGC LESIEA20 P00 408 (SPEAG, in howwm Check Mow05) I i CheeCk. NOw-0T
Haatiork AmanyTer HP BTRAE LIS A DI |[SHEAL 1 house chetic DotO6) 1n o choseck Dicl07

Caléwuind by,

Agonven by

This cuibraion corkficeie nhall o e e s il wito ) vwiflen sopovel of B eborskory

Cermcate No. ET3-17067_Augl? Page 10’9
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Calibration Laboratory of {Q_f_,,:? 5 Schwaimerischor Kallbrigrdiensl

Schmid & Partnar e g eviow sulnes ditstonneye
Enginaaring A3 b — Servizio weizoera df lansturs

Funaghacustrassa &1, B0 Turich, Switisians “-;':_rll'l-?}m_’ S  Swim Cairaton servien

Aereariban =y the Eoims Fodemi Criee of Vistmingy o Accodiasen Accregnstion No.: SC5 108

The Swins Accrocsinian Sorvion s one of Ehe slpnatories o the EA

Wulltateral Agresmant bor the recognition of callbration certficatss

Glossary:

TSL tissue simulating lguid

NORMxy.z sansitvity In free space

ConF sansifivity in TSL / NORMxy.z

DCP digde compression paint

Potarization p i rotation around probe axis

Polarization & 4 ratation around an axis that is in the plane normal 1o probe axis (at

measuramant center), i.e., & =0 s normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b}

IEEE Std 1528-2003, *IEEE Recommendead Practica tor Detarmining the Peak Spatial-

Averaged Speciflic Absorption Rate (SAR) In the Human Head from Wircless

Communications Devices: Measuremenl Techniques®, Decembar 2003

IEC B2209-1. “Procedure to measura the Specific Absorption Rate (5AR) for hand-hald
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Methods Applied and Interpretation of Parameters:

NORMy v, x: Assessed for E-feld polarzation & = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz:
R22 waveguide ), NORMz, vz are only imermediate values, 1.e., tha uncertainties of
NORM,y.z does not effect the E%field uncertainty inside TSL (sea below ConuvF),
NORMx, .2 = NORM:x.v.I * frequency_response (see Frequency Response Charl). This
linearization is implemented in DASY4 software versions later than 4.2, The uncertainty of
the frequency responsea is included in the-stated uncedainty of ConwvF

DCPx,y,2: DCP are numercal linearization paramalers assessed based on the data of
power sweep (no uncerainty required). DGP doas not depend an frequency nor maedia.

ConvF and Boundsry Effect Paramsters; Assessad in flat phantom using E-field {ar
Temperalurs Transfar Standard for f < 500 MHz) and inside waveguide using analytical field
distributions bassd on power meazurements for f = BOO MHz, The same setups are used for
assessmenl of the parameters applied for boundary compansation (alpha, depth) of which
typical uncartainly valuas are given. These parameters arg usad In DASY4 software to
improve probe accuracy close o tha boundary. The sensitivity in TSL corresponds to
NORMx. v,z * ConvF whemby the uncerainty cormesponds to that given for ConeF, A
fraquency depandsnt ConvF is used in DASY version 4 4 and higher which allows extanding
the vaildity from + 50 MHZ to = 100 MHz

Sphermcal isofropy (30 dewiation from mofropy): na fiokd of low gradients realizec wsing a
fiat phantom exposed by a patch antenna.

Sanscr Offsef: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No lolerance requirad,

Cemfcate Moo ST31797_Augd7 Page2of 9
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ET3DVE SN1TET August 28, 2007

Probe ET3DV6

SN:1787

Manufactured: May 28, 2003
Last calibrated: May 31, 2006
Recalibrated: August 28, 2007

Calibrated for DASY Systems

(Node! non-compatible wih CASYZ eyslam!)

Cerfilicaie No: CT3-1TATAugl? Pagelof8
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ET3DVE SN:1T78T August 28, 2007

DASY - Parameters of Probe: ET3DVE SN:1787

Sensitivity in Free Space” Diode Compression”
NormX 1.83 £ 10.1% |.L'l.l’|fﬂ‘u".irnf DCP X 92 mv
Norm'Y 166 2100%  pVIVImY’ DCR Y 96 mv
NormZ 208 4101%  pVIVim)? DoPZ 81 my

Sensitivily in Tissue Simulating Liguid (Conversion Factors)

Pipase see Page B,

Boundary Effect
TaL SO0 MHz Typical SAR gradient: 5 % per mm
Sansor Coanter to Phantom Surface Distance AT mm 4T mm
EAR,., [%) Without Correctian Algarthm 47 20
SAR,, %! With Cormecrion Algnrnm R ] 0.0
TEL 1810 MHz Typlcal BAR gradient: 10 % por mm
Sensor Conter o Phantom Surface Distance 3T mm 4.7 mm
SBR[ Without Correction Algonithm 118 7.0

SAR. %! With Carrecton Algonthm 0.2 a4

Sensor Offsat

Probe Tip to Sensor Center 2.T mm

|The reported uncertainty of measurement is stated as the standard uncertainly of

|measurement multiplied by the coverage factor k=2, which for a normal distribution

corresponds to a coverage probabliity of approximately 95%.

* The uncersntes of Nonn,y, T 5o ol abecl Bw B fald PRI ATy PEice TIL (iee Pags )

B Morrarce bomarpater pacsrmter ety nol e el

Contdlicale Mo ETS-1787_Augly Pags 4 al §
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ETIDVE SN:1TET

August 28, 2007

Frequency Response of E-Field
(TEM-Call:ifi110 EXX, Waveguide: R22)

== TER

1500
T [MH]

Freguency mespanse (normalized)
=

2000 500

Uncaertainty of Frequency Rosponse of E-fleld: & 6.2% [k=2)

Corificazs Se: ETI-1787_Augn?
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ET3IDVE SN:1787 August 28, 2007

Receiving Pattern (¢), 3 =0°

f= 600 MHz, TEM ifi110EXX f=1800 MHx, WG R22

T (| T 0 0 O K | . —o— ) K2
04 [ i {1 —m— 100 Bl

€ o 358 rsacentiiniesty * 00N
§ 4:-.:' 1] i =& | BO0 Mz
w

—ir— 2500 M

Unzertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Cesfficste Ho- ET3TAT_Augd? Page 5ol 3
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ET3IDVE SH:1787

1.E+3

Inpuit Signal (5]

Error |d8]

0.2
-0.8

10
2.004

Carlilicata Mes ET3-1787_Aug07

R

August 28, 2007

Dynamic Range f(SAR,,..4)
(Waveguide R22, f = 1800 MHz)

== nol cormoarsansd

== pompeikaied

8 aeesdhaedae

o.a1 a1 1 1o
ZAR [miiem’]

Uncurtainty of Linearily Assesumunt: £ 0.6% (k=)

Page TalB
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ETiDVE SN:1TET August 28, 2007
Conversion Factor Assessment
= 600 MHz, WGLS RS (head) f= 1810 MHz. WGLS R22 (head)
k] 0
L]
Al 250 =
E 25 E i
T a0 %
5 = 169
Es E
[
10.0
# 1w 3
0.5 il
D [HIE
I i &0 R
z{mm]
—o—faaiylical  —2— Massurimmimis —8—Anahyical  —o— Maasuramanis
f[MHa] Validity [MHz]® TSL  Permillivity  Concuctivity  Algha  Depth  ConwF Uncarainty
@03 +50/=100 Head 41525% 08T=5% 032 242 8358 & 11.0% {k=2}
1810 +50/=100 Head 400+5% 140=5% 050 281 5,18 £ 11.0% [k=2}
2000 + 50/ =100 Haad =008 5% 140 = 5% 0.55 245 4.80 £ 11.0% (¥=2)
2480 t50J £ 100 Hega 30.2 & 58 1.80 = 8% a7 1.81 450 =11.8% [k=2)
E00 B0/ = 100 Body 550&5% 1.05z=5% 038 252 G0 £ 11.0% (k=2)
I 4 =042 100 Body S3%§ 8% 180 5% &1 268 dES  * 17.0% (k=2)
2000 =B63/=100 Body B633e5% 1.62=0% 060 240 430 4 19.0% (k=2)
#4250 (0% O [ ] Body 52.715% 1.85 = 5% .65 215 402 +11.8% (k=2}

= Tha walidisy of & 100 Wik cnly spplien for DASY vi 4 wnd higher (ses Page 2). The wncenainty is e ABE
of T ConwF wnoerainty of calileralion Inpguency Bid e wnoetety Tor B e abed rpquency band.

Certificate Mo ETR1 707 Aoglr?

Page ol @
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Deviation from Isotropy in HSL
Error (4, 3), [ = 200 MHz

Ermor |dB]

W1 000080 B CED- 060 B G000 040030 BOI000
MAO060 70 E02-0al Chias0n] B0 0100

Uncertaknty of Spherical Isotropy Assessmant: £ 2.68% (ks2)

Cenhesia Ma: ET3-1787_Augl? Prge g e
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Calibration Laboratory of C".:'L"-"si g Sohweizaracher Kalibriarisnnt
Schmid & Partner ﬁi G Tervive susee Sitaionnage
Engineearing AG T Saervizio svicrero di laralura
Teughausstrasss 43, 8004 Zurich, Switzorland ﬁﬁ.—} 7 B owtex Caliration Serrike
Acuieited by (e Swiss Pecunad Office of Melioogy s Ao o Bocruditation Mot SCS 108

Tha Swiss Accroditaiton Sarvica |s one of tha signatorien o the EA
MuRilstaral Agresmant faf tha recagnition of callhestian canifiostas

cient  Sportan [Auden) Carlificats No: DAE3-57T_MNovlE
CALIBRATION CERTIFICATE

Cibjact DAE3 - 50 000 DO3 AA - SN: 577

CaliEeninin procasuntial QA CAL-DEVI2
Calibration procedure for the data acquisition electronics (DAE)

Caineation ams Movember 21, 2008

Condition of Ins calbeted ke I Tolerance

Thig catibrabon cerificaly documents the inscpalaity 19 noborsl Slandards, which npalizg |he physcal urits of msaduesemnants. (51
Th mssremuns and the uncerlanbes wiln confdences robus iy @re given on Uw iocwng ceges and ane pert ol Ihe corlihcabe

A8 calibruib o hare Lo torcducled in P dosed lranlony kdlily; envircrmun lempatabase (22 & 3300 el huiraly < ™%,

Calibration Eguipment badd (MATE S for colioraton)

Primary Stardards oW Cal ks (Calibrate by, Carificaie No | Scheiuled Calioration

Flutuz Process Cobtuon Type TOR | 5N B205503 E30c-08 (Elonl AG, oo S402) Dot-07

Wallhiny B fmater Typss 2001 BN DATRRTR ACict-08 (Fleal AG, Mer S4TA) Oa-ar

Saeananry Gndads lipe Chedh Diate [in house) Gehasylad Crack

Calibralor Bow V1.1 ISEMM.\!JWE 18-Jun 08 (BPEAG. in houss chock) In bouse check Jun-OT
Fams Farction Sgnatue

Caldnalee by, i Hainf=ld Tochrizian R e i =

-— . ._i.'r‘:‘ﬁ

Appooeed by Finy Somhott RED Dirusor f/fzw‘{‘_éz__

Issunrt Menember 21, 20068

This cuibeation samficabe shall rol bo reproduoed sapwt in foll wikhoud wmtien sppreval of e laborasory.

Corbfcals Hoo DAES-577_HoviE Pago 1 of &
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Calibration Laboratory of i) oilsg set har Falibe -
Schmid & Parlner p :‘\;'f’-" g Fervice suinas ddtalannage
Engineering AG e % @ 45 ] Barvizio svlezero di taratirs
Znughausstransa 43, B34 Zurlch, Switzs dand ?ﬁ:f e 8  swins Callbraliun Service
Accrehisd Ly e Swiss Fedaral Ofce of Mulrslogy el Accred batkm Accreditation ot SCS 108

The Swiss Accroditation Sarvice is ona of 1ho signatoriss (o tha EA
MiiRikstarn| Agrasment 1ar the racognriten af ey iEraien eamommes

Glossary

DAE data acquisition electronics
Connector angle  information used in DASY syslem o align probe sensor X to the rmbot

coordinate systam.

Methods Applied and Interpretation of Parameters

DC Voltage Measurement: Calibration Factor assessed for use in DASY syslem by
comparison with a calibrated instrument traceable to national standards. The figure given
comesponds to the full scale range aof the voltmater in the respactive range.

Connector angle: The angle of the connector is assessed measuring the angle
mechanically by & ool inseried. Uncenainty is nol required.

The following paramelers conlain lechnical information as a result from the parformance
test and require no uncartainty.

DC Voltsge Measurement Linearity: Verification of the Linearity at +10% and -10% of the
nominal calibration voltage. Influence of offset voltage is included in this measurement.

Camman made sansitivity: Influenca of a8 positive or negative comman mode voltage on the
diffarential measurament.

Channe! separation: Influance of a voltage on the neighbor channels not subject to an inpul
voltage.

AD Convertsr Vialues with Inputs shortad: Values on the intemal AD converter
comesponding to zero input voltage

input Offset Measurement: Output voltage and statistical results over a large number of
zaro vollage measurements,

Input Offsat Current: Typical value for information; Maximum channel inpul offset current,
nol consierning the inpul resistance.

Inpunt resistance: DAE input rasistancs at the connactor, during internal auto-zercing and
during measurement.

Low Battery Alarm Voltage: Typical value for information - Below this voltage, a battery
alarm signal is generated

Fower consumplion: Typical value for information. Supply cumrents in various operating
modes.
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DC Voltage Measurement
AD - Corvener Resslution nominal

High Rang ISE = 8.1V, lull range = -100...+300 my
Low Ranga: IWSE = By, full ranga = <1......+dmV
DASY measursment parameters: At Zena Time: 3 soc; Measuring lims: 3 sec
Calibration Factore X ) Y z
High Range 408,355 £0,1% (k=) | 403606 = 0.1% (k=2) | 404276 + 0.1% (k=2)

Low Range 192854 +0.7% (k=2) | 303862 = 0.7% (k=2) | 3935811 0.7% (k=2)

Connector Angle

Connector Angle lo ba vsad in DASY systemn 281"
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Appendix
1. DC Vollage Linearity
High Ranga Ingut () Reading (uV) Error (%)
Channel X + Input 200000 168885 5 .00
| Channel X + Input 20000 2000507 003
(Crannel X - Input 20000 100871 001
| Channal ¥ + Input 200000 200000 .00
| Channel ¥ + Input 20000 20004.22 n.0z2
| Channel ¥ = mpast 20000 2000323 Q.02
Channel T + [nput 200000 20000058 0.a0
Channel Z * Imput 20000 20005.24 .03
Channal Z = Impat 20004 =20001.80 001
Low Range Input (V) Reading {1V} Error (%)
Charmel X + lnpard 2000 1HEE A 0.00
Channel X + lnpun 200 20027 013
Channel X - Ingut 200 20073 036
Channal ¥ + lnput 2000 2000.9 Qoo
Channel ¥ + [nput 200 19922 038
Channel ¥ - Input 200 Z00,BE 043
Channel Z + Input 2000 1886 8 (00
Channal # lmpant 200 156 2R =038
Channeal £ = Inprist 200 =005 047
2. Commaon mode sensitivity
DASY measuremant paramsters: Aute Zero Time: 3 ssc; Maasuring tms: 3 sec
Comman mode High Rangs Lew Range
Inpat Valtage (mv) Avarage Reading (uV) Avarage Reading (uV)
Channel X 200 14.24 " 1248 |
- 200 4213 -12.62
Channsl 200 6.51 7,06
= 200 .05 581
Chanmnal Z 200 .08 088
- 200 -2.66 -283
3. Channel separation
DASY measurement parameters: Aulo Zerp Time: 3 sec: Measunng Ume: 3 §8c
Input Voltage (mV) | Channel X (uV) | Channel ¥ (u¥) | Channel Z (uV)
Channal X 200 . 2.51 0.09
Channsl Y 200 043 = 337
Chanmnel 2 200 A 55 054 -
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4. AD-Converter Values with inputs shorted
DASY megsureman parametars: Auts Zers Time: § sac; Messyning tme: 3 sec

High Range [LS8) Low Range (L58)
Channal X 15670 16306 |
Channegl ¥ 15851 16305
Channel 2 I 16208 17088

5. Input Offset Measurement

DASY measuremen! paramedsrs: Auts Zero Time: 3 sac; Measuring time: 5 sec

Enput 10K
Average V) | min. Offsst (i) | max omsm vy | 59 m'"““

Channal X =051 =155 0.a7 0.50
Channel Y 206 -4.32 165 06D
Channal Z -1.83 -2 66 016 0.35

6. Input Dffset Current
Mominal inpul dreuitry offsal currant an all channgls: <254

7. Input Resistance

Zeroing (MOhm) Moasuring (MOhm)

Channel X 0.2000 19688
Channal ¥ | (L2000 2007
Channel 2 | 0.2000 1568

B. Low Battery Alarm Voltage [varfiad curing pee lust)
Typical values Alarm Level (VDC) :
Supply (+ Vi) =79 '
Supply (- Voo) -T.6

9. Power Consumption (verified durng pre test)
Typical values Switched off (m&) | Stand by (mA) | Transmitting (ma) |
Supply (+ Vec) ~0.0 +8 =14
Supply [- Vee) 0,07 el -3
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Appendix D - Product Photo
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Appendix E - Test Setup Photo

Fig. 9.1 Dell D500 Notebook Bottom Touch with EUT
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