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seamran as. Calibration Certificate of DASY

DASY4 Validation Report for Body TSL
. Date/Time: 24.01.2008 15:14:55
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: D5GHz: Serial: DSGHzV2 - SN:1006

Communication System: CW-5GHz; Frequency: 5200 MHz, 5500 MHz. 5800 MHz; Duty Cycle: 1:1
Medium: MSL 5300 MHz; '

Medium parameters used: f = 5200 MHz; ¢ = 5.37 mho/m; & = 47 3: p = 1000 kg/m’

Medium parameters used: = 5500 MHz; 6= 3.73 mho/m; & = 46 6; p = 1000 kg/m’

Medium parameters used: f = 5800 MHz; ¢ = 6,16 mho/m; & = 46.1; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
*  Probe: EX3DV4 - SN3503: ConvF(4.96, 4,96, 4.36)ConvF(4.63, 4.63, 4.63)ConvI(4.76, 4. 76, 4.76); Calibrated: 09.03.2007
®  Sensor-Surface: 2mm (Mechanical Surfece Detection)
*  Flectronics: DAE4 Sn601: Calibrated: 03 01 2008
*  Phantom: Flat Fhantom 3.0 (front): Tyvpe: QDOOOPSOA A

o Measurcment SW: DASY4, V4.7 Build 55; Postprocessing SW: SEMCAD, V1.8 Build 172

d=10mm, Pin=100mW, f=5200 MHz/Area Scan (61x61x1):
Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (interpolated) = 17.0 mW/g

d=10mm, Pin=100mW, =5200 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=2.5mm

Relerence Value = 48.5 Vim; Power Drift = -0.066 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 7.77 mW/g; SAR(10 g) = 2.18 mW/g

Maximum value of SAR (measured) = 15.5 mW/g

d=10mm, Pin=100mW, (=5500 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=2.5mm

Reference Value = 47.2 V/m; Power Drift = -0.067 dB

Peak SAR (extrapolated) = 32.2 W/kg

SAR(1 g) = 8.12 mW/g; SAR(10 g} = 2.26 mW/g

Maximum value of SAR (measured) = 16.6 mW/g

d=10mm, Pin=100mW, {=3800 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurement grid: dx=4mm, dy=4dmm, dz=2.5mm '

Reference Value = 42.3 Vim; Power Drift = -0.131 dB

Peak SAR (extrapolated) = 28.9 Wikg

SAR(1 g) = 7.04 mW/g; SAR(10 g) = 1.95 mW/g

Maximum value of SAR (measured) = 14.5 mW/g

Certificate No: D5GHzV2-1006_Jan08 Page 12 of 14
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Impedance Measurement Plot for Body TSL

24 Jan 2088 11:41:24
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Calibration Laboratory of

it
\“\.\\\l/!u,"/

-

oiSg g Schweizerischer Kalibrierdienst

fey
S

: A
Schmid & Partner iﬁ o Service suisse détalonnage
Engineering AG ST Q @ 3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % /F‘,ﬁ\_;ﬁ (fs-Rp‘S S swiss Calibration Service
el bt
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient ~ Sporton (Auden) Certificate No: DAE4-778_Sep08
CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BG - SN: 778

Calibration procedure(s) QA CAL-06.v12
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: September 22, 2008

Condition of the calibrated item  In Tolerance

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate.

All callbrations have been conducted in the closed laboratory facility: environment temperature {22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE cfitical for calibration)

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration
Fluke Process Calibrator Type 702 | SN: 6295803 04-Oct-07 (No: 6467) Oct-08

Keithley Multimeter Type 2001 SN: 0810278 03-Oct-07 (No: 6465) Oct-08

Secondary Standards 1D # Check Date (in house) Scheduled Check
Calibrator Box V1.1 SE UMS 006 AB 1004 06-Jun-08 (in house check) In house check: Jun-09

Name Function

Signature
Calibrated by: Andrea Guntli Technician W"

Approved by: Fin Bomholt R&D Director % \} ﬁ QJL L L W
[ 81 ;

Issued: September 22, 2008

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: DAE4-T78_Sep08 Page 10f5
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SPORTON LAB.

Calibration Certificate of DASY

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
e DC Voifage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

e Connecfor angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

» The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

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

» Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

e Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

« AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

e [nput Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements.

s Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

e Input resistance: DAE input resistance at the connector, during internal auto-zeroing
and during measurement.

e [ow Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

« Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-778_Sep08 Page 2 of 5
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SPORTON LAB.

Calibration Certificate of DASY

DC Voltage Measurement
AJD - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LsB =

6.1uV,
61nV ,

full range =
full range= -1.......

-100...+300 mV

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

Zz

405.045 + 0.1% (k=2)

High Range 404.686 + 0.1% (k=2) | 403.490 £ 0.1% (k=2)
Low Range 3.99455 + 0.7% (k=2) | 3.96369 = 0.7% (k=2) | 3.99417 £ 0.7% (k=2)
Connector Angle

I Connector Angle to be used in DASY system

309°+1°

Certificate No: DAE4-778_Sep08
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seanron 1as. CaliDration Certificate of DASY

Appendix
1. DC Voltage Linearity
High Range Input (uV) Reading (puV) Error (%)
Channel X + Input 200000 200000.3 0.00
Channel X + Input 20000 20004.24 0.02
Channel X - Input 20000 -20002.46 0.01
Channel Y + Input 200000 200000.4 0.00
Channel Y + Input 20000 20002.60 0.01
Channel Y - Input 20000 -20002.26 0.01
Channel Z + Input 200000 200000.6 0.00
Channel 2 + Input 20000 20000.78 0.00
Channel Z - Input 20000 -20005.75 0.03
Low Range Input (uV) Reading (pV) Error (%)
Channel X + Input 2000 2000 0.00
Channel X + Input 200 199.37 -0.31
Channel X = Input 200 -200.28 0.14
Channel Y + Input 2000 2000 0.00
Channel Y + Input 200 199.63 -0.19
Channel Y - Input 200 -200.88 0.44
Channel Z + Input 2000 20001 0.00
Channel Z + Input 200 198.60 -0.70
Channel Z - Input 200 -201.07 0.53
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (pV)
Channel X 200 -7.46 -6.40
- 200 10.00 6.86
Channel Y 200 2.73 -2.45
-200 0.84 0.43
Channel Z 200 -10.91 -10.94
- 200 7.89 ~ 8.22
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (u1V) | Channel Y (uV) Channel Z (pV)
Channel X 200 B 3.08 -1.34
Channel Y 200 1.18 4.64
Channel Z 200 -1.74 1.44 -
Certificate No: DAE4-778_Sep08 Page 4 of 5
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seanron 1as. CaliDration Certificate of DASY

4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16048 16021
Channel Y 16167 15166
Channel Z 16416 15977

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) oo ?:‘:;ation
Channel X -0.13 -0.88 0.92 0.33
Channel Y -0.88 -2.47 0.72 0.55
Channel Z -1.16 =217 -0.19 0.42
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance
Zeroing (MOhm) Measuring (MOhm)
Channel X 0.2000 2011
Channel Y 0.2000 201.0
Channel Z 0.2001 201.7
8. Low Battery Alarm Voltage (verified during pre test)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vcc) -7.6
9. Power Consumption (verified during pre test)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.0 +6 +14
Supply (- Vec) -0.01 8 9
Certificate No: DAE4-778_Sep08 Page 50f 5

SPORTON INTERNATIONAL INC.




BEORTON LABR.

Calibration Certificate of DASY

Calibration Laboratory of

Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineedng AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Client

Sporton (Auden)

Accreditation No,; SCS 108

Cortificate No: ET3-1788_Sep08

CALIBRATION CERTIFICATE

Object

Calibration procedune(s)

Calibration date:

Condition of the calibrated item

ET3DV6 - SN:1788

QA CAL-01.v6 and QA CAL-23.v3

Calibration procedure for decE-ﬁddprobas =

September 23, 2008

In Tolerance

This callbration certificate documents the traceabiiity to national standards, which realize the physical units of measurements (SI),
The measurements and the uncartainties with confidence probability are given on the following pages and are part of the certificate

All calibrations have been conducled In the closed laboratory facllity: environment temperature (22 £ 3)°C and humidity < T0%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration

Power mater E44188 GB41293874 1-Apr-08 (No. 217-00788) Apr-09

Power sensor E44 124 MY41435277 1-Apr-08 (Mo, 217-00788) Apr09

Power sensor E4412A MY41438087 1-Apr-08 (No. 217-00788) Apr-09

Reference 3 dB Atlenuator SN: 55054 (3c) 1-Jul-08 (No..217-D0865) Jul-08

Referenca 20 dB Attenuator SN: S5086 (20b) 31-Mar-08 (No. 217-00787) Apr-09

Referenca 30 dB Attenuator SN: $5129 (30b) 1-Jul-08 (No, 217-00866) Jul-08

Reference Probe ES3DV2 SN: 3013 2-Jan-08 (No. ES3-3013_Jan08) Jan-09

DAE4 SN: 660 9-Sep-08 (No. DAE4-G60_Sep08) Sep-09 I

Secondary Standards 1D # Check Date (in house) Scheduled Check

RF generator HP BE48C US36420U01T00 4-Aug-99 (in house check Oct-07) In house check: Oct-09

Network Analyzer HP B753E US37390585 18-0¢t-01 (in house check Oct-07) In house check: Oct-08 |
Mame Function ; Signature

Calibrated by: Katja Pokovic  Technical Manager : % @3

Approved by: Fin Bomholt RE&D Director

Tl

Issued: September 24, 2008

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: ET3-1788_Sep08 Page 1 of 8
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Calibration Certificate of DASY

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerland

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

Polarization ¢ ¢ rotation around probe axis

Polarization 9 9 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Methods Applied and Interpretation of Parameters:

e« NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:

R22 waveguide), NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMx.y,z does not effect the E*-field uncertainty inside TSL (see below ConvF).

o NORM()x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of

the frequency response is included in the stated uncertainty of ConvF.

» DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency nor media.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or

Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which

typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMSx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A

frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending

the validity from = 50 MHz to £ 100 MHz.

e Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

« Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No tolerance required.

Schwelzerischer Kalibrierdienst

Certificate No: ET3-1788_Sep08 Page 2 0f 9
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ET3DV6 SN:1788 September 23, 2008

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibrated: September 26, 2007
Recalibrated: September 23, 2008

Calibrated for DASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1788_Sep08 Page 3of 9
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ET3DV6 SN:1788 September 23, 2008

DASY - Parameters of Probe: ET3DV6 SN:1788

Sensitivity in Free Space” Diode Compression®
NormX 173 £101%  uVAV/mY DCP X 95 mV
NormY 159 +101%  uV/A(V/m) DCPY 98 mV
NormZ 172 +101%  pVI(VIim) DCP Z 91 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page 8.

Boundary Effect
TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 3.7mm 47 mm
SAR,, (%) Without Correction Algorithm 10.6 6.8
SAR,. [%] With Cerrection Algarithm 08 0.3
TSL 1750 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 3.7 mm 4.7 mm
SAR,, [%)] Without Correction Algorithm 8.8 4.9
SARy, [%] With Correction Algorithm 0.7 0.6
Sensor Offset
Probe Tip to Sensor Center 2.7 mm

The reported uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 95%.

* The uncertainties of NermX,Y,Z do not affect the E*-field uncertainty inside TSL (see Page 8).
® Numenical inearization parametar: uncertanty nol required.

Certificate No: ET3-1788_Sep08 Page 4 of 8
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ET3DV6 SN:1788 September 23, 2008

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

-
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© o
[ ]

o
@

o
g

0.6
0 500 1000 1500 2000 2500 3000

—8—TEM —o—R22

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Certificate No: ET3-1788_Sep08 Page 5 of 9
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ET3DV6 SN:1788 September 23, 2008

Receiving Pattern (¢), S = 0°

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

=X oY eI —0—Tol ——X -—-e—Y —e—Z —0-Tot

0.6 } } } ! —0— 30 MHz
0.4 1 T | —.—100 MHZ

02 1t b s o s 1 g e s g o 1 Y Y O S A | —o— 600 MHz
0.0 pSSESS-soa R Rttt iina g, o onoetd . ooui

s T T ] (—ezs00 i

Error [dB]

0 60 120 180 240 300
4[]

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)

Certificate No: ET3-1788_Sep08 Page 6 of 9
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ET3DV6 SN:1788 September 23, 2008

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

1.E+06

1.E+05
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1,E403 -

Input Signal [uV]
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Ceriificate No: ET3-1788_Sep08 Page 7 of 8
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ET3DV6 SN:1788

SAR[mW/cm'] | W

4.0 -

3.5

& = = NN oW
o o ¢t & & S

o
o

20

September 23, 2008

Conversion Factor Assessment

z[mm]

f =900 MHz, WGLS R9 (head)

—8— Analytical —¢— Measurements

SAR[mW/em®] | W

60

f=1750 MHz, W

30.0 4

10

=Q— Analytical

GLS R22 (head)

20
z[mm]

=0=— Measurements

f[MHz] Validity [MHz]° TSL  Permittivity Conductivity Alpha Depth  ConvF Uncertainty

900 £50/£100 Head 415x5% 0.971x5% 0.44 265 6.55 £ 11.0% (k=2)
1750 +50/+100 Head 40.1+5% 1.37+5% 0.68 1.98 550 +11.0% (k=2)
1850 +50/+100 Head 40.0+5% 1.40x5% 075 1.75 5.13 £11.0% (k=2)
2450 +50/=100 Head 39.2:+5% 1.80:5% 0.80 1.45 468 *11.0% (k=2)
900 + 50/ 100 Body 550+5% 1.06+5% 050 . 248 6.34 +11.0% (k=2)
1750 £50/+100 Body 534+5% 1.495% 0.83 233 487 +11.0% (k=2)
1950 +50/+ 100 Body 53.3+5% 1.562 £ 5% 0.74 1.99 473 +11.0% (k=2)
2450  £50/+100 Body 527+5% 195:5% 084 175 398 11.0% (k=2)

€ The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncartainty for the indicated frequency band.

Certificate No: ET3-1788_Sep08
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ET3DV6 SN:1788 September 23, 2008

Deviation from Isotropy in HSL
Error (¢, 9), f = 900 MHz

Error [dB]

- n
B-1.00--0.80 ®-0.80--0.60 H-0.60--0.40 H-0.40-0.20 W-0.20-0.00

D0.00-0.20 B0.20-040 DO040-050 @0.80-0.80 MO.B0-1.00

Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)

Certificate No: ET3-1788_Sep08 Page90of 9
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H i s,
Calibration Laboratory of i \‘\2

Schmid & Partner &
Engineering AG

Zzughausstrasse 43, 8004 Zurich, Switzerland

el

Accredited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

e,
o

s Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizia svizzero di taratura

S swiss Calibration Service

(9]

Accreditation No.: SCS 108

Certificate No: EX3-3514_Jan08

-ICATE

Object

Calibration procedurs(s)

Calibration date:

Conditien of the calibrated item

EX3DV3 - SN:3514

QA CAL-01.v6 and QA CAL.14.v3
Calibration procedure for dosimetric E-field probes
January 31, 2008

In Tolerance

The 1ents and the u

Calibration Equipment used (M&TE-cnitical for calibraticn)

This calibralion certificale documants the traceanbility to national standards, which realize the physical units of measurements (S).
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seamran as. Calibration Certificate of DASY

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

CaonF sensitivity in TSL / NORMx,y,z

DCP diode compression point

Polarization ¢ ¢ rotation around probe axis

Polarization 9 9 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., $ = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Ratz (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Methods Applied and Interpretation of Parameters:
s  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NCRMzx,y,z does not effect the E’-field uncertainty inside TSL (see below ConvF).

o  NORM(f)x,y,z = NORMx.,y,z ™ frequency_respanse (see Frequency Response Chart). This
linearization Is implemented in DASY4 software versions later than 4.2. The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

e DCPXx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency nor media.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending
the validity from + 50 MHz to £ 100 MHz.

s Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

s Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on praobe axis). No tolerance required.
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514 January 31, 2008

Probe EX3DV3

SN:3514

Manufactured: December 15, 2002
Last calibrated: February 21, 2007
Recalibrated: January 31, 2008

Calibrated for DASY Systems

(Note: non-compatible with DASY2 system!)
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514 January 31, 2008

DASY - Parameters of Probe: EX3DV3 SN:3514

Sensitivity in Free Space” Diode Compression®
NormX 0.650 + 10.1%  pV/(V/m) DCP X g5 mV
NormY 0.690 = 10.1%  pV/(V/m)? DCPY 93 mV
NormZ 0.580 £ 10.1% ;L\Hf\h’m)2 DCP Z 96 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page B.

Boundary Effect

TSL 2300 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 20mm 3.0 mm
SARe [%] Without Correction Algerithm 5.9 3.3
SARGe [%)] With Correction Algorithm 0.5 0.8
TSL 2600 MHz Typical SAR gradient: 11 % per mm
Sensor Cenler o Phantom Surface Distance 20mm 3.0 mm
SAR. [%] Without Correction Algerithm 8.3 34
SAR,e (%] With Correction Algorithm 0.1 0.3
Sensor Offset
Probe Tip to Sensor Center 1.0 mm

The reported uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 95%.

* The uncertainties of NormX,Y,Z2 do not afect the E*-field uncartainty inside TEL (see Page )

% Numerical linearization parametar: uncerainty not requirsd,

Certificals No: EX3-3514_Jan08 Page 4 of 9
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514 January 31, 2008

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514

January 31, 2008

Receiving Pattern (¢), 9 =0°

f =600 MHz, TEM ifi110EXX

f=1800 MHz, WG R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificate No: EX3-3514 Jan08
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514 January 31, 2008

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

Input Signal [uV]

0.0001 0.001 0.01 0.1 1 10 100
SAR [mWicm]

—@— not compensated —&— compensated

Error [dB]

0.001 0.01 0.1
SAR [mW/cm']

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514

January 31, 2008

Conversion Factor Assessr_nent

f=2300 MHz, WGLS R22 (head)

= 2600 MHz, WGLS R22 (head)

40.0 | — 40.0
35.0 g— | ! 350
30.0 300 -
= =
= 250 — 250
5 :
S g 200
s : 15.0
3 A
100
5.0
0.0 !
0 10 20 30 40
z[mm] 2[mm]

—&— Analytical —¢— Measuremenis I —0— Analytical —0—Measurements
f[MHz] Validity [MHz]* TSL Permittivity Conductivity Alpha Depth ConvF Uncertainty
2300  £50/£100 Head 39415% 1.71+5% 0.76 052 F.7i3 +11.8% (k=2)
2600 +£50/+ 100 Head 390+5% 1.96+5% 0.62 0.60 7.31 £11.8%(k=2)
3500 £50/%100 Head 37.9+5% 291:5% 036 1.03 7.09 £13.1% (k=2)
2300 +50/+ 100 Body 52815% 1.85&5% 0.63 064 7.59 +11.8% (k=2)
2600 +50/+100 Body 525+5% 2.16+5% 0.52 , 0.78 6.91 =£11.8% (k=2)
3500  +£50/£100 Body 51315% 3.3115% 040 1.33 6.32 +£13.1% (k=2)
5200 +50/% 100 Body 49.0+5% 5302%5% 0.35 1.70 4,34 £13.1% (k=2)
5300 +£50/+100 Body 48915% 542+5% 0.38 1.70 4.06 £13.1% (k=2)
5500 +50/+100 Body 486+5% 5.65+5% 043 170 398 +13.1% (k=2)
5600 +50/%100 Body 485%5% 577+5% 0385 170 419 £13.1% (k=2)
5800 +50/+100 Body 48215% 6.00t5% 030 1.70 4.20 £13.1% (k=2)

® The validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at callbration frequency and the uncertalnty for the indicated frequency band.

Certificate No: EX2-3514 Jan08
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seamran as. Calibration Certificate of DASY

EX3DV3 SN:3514 January 31, 2008

Deviation from Isotropy in HSL
Error (¢, 9), f =900 MHz

Error [dB]

n

B-1.00-0.80 B@-0.80-0.60 H-0.60-040 B-0.40-0.20 W-0.20-0.00

00.00-0.20 WO.20-040 OD40-060 M0.50-0.80 MO.EC-1.00

Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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Calibration Certificate of DASY

Calibration Laboratory of S,

Schmid & Partner £ et
Engineering AG -3

mnhEnunmga, 8004 Zurich, Switzeriand % ::/,."E\::

Accreditod by tha Swiss Accredilation Sarvice |SAS)
The Swiss Accreditation Service is ona of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Cllent

Schwelzerischor Kalibriordionst
Sarvice suisse détalonnage
Servizio svizzero di taratura
Bwiss Calibration Service

Acereditation No.: SCS 108

Contitcate o: EX3-3514_Jan09

Condition of the calibrated tem | [n Tolerance

Calibration Equipment used (MATE critical for calibration)

Calibration date January 21,2008 .

This calibration cenificals documants tha tracaab@ty 10 national standanss, which realize the physical units of moasunements (51),
Thi measunemeants and the uncortainties with confidence probabilty s ghvan on the following pages and ane par of the cariificate.

Al calibrations hive been conducted in the closed |sboriony fecity: emdasonmant tomgaratun (22 & 3)"C and humidity < T0%

' - el kD =

Prirmary Standards o # Cal Date (Ceificate Mo} Scheduled Calibration
Paower matar E44108 GB41203874 1-Apr-08 (No. 217-D0TES) Apr-08
Power sanaor E44124 MY4140527T 1-Apa-08 (Mo, 217-D0788) Agr-08
Powar sensor E44124, MY4149B808T 1-Ape-08 (Mo, 217-00788) Apr-08
Relerence 3 0B Atenuator SN: 55054 (Jg) 1-Jul-08 (Mo, 217-00865) Julkoa
Raferance 20 98 Attenuator SN: 55045 [20b) 31-Mar-08 (No. 217-00TET) Age-08
Raformnce 30 dB Atterwator SN: 55129 {30b) 1-Jul-08 (No. 217-D0858) Jul-09
Relarenca Probe ES30V2 SN: 3013 2-Jan-00 (Mo, ES3-3013_Jan0d) Jan-10
DAEA4 SN: 680 8-Sup-08 (No. DAE4-680_Sep0B) Sep-00
Secondary Slandards D& Chiack Date {in house) Schaduled Chack
RF ganaralor HP BE4BC USIB42U01700 4-Aug-B8 {in house check Dct-07) In howse chack: Oct-09
Netwark Analyzar HP BT53E US37300585 18-0c1-01 (in holse check Oet-08) In house chack: Oct-09
BB Funstion mature
|_ ?‘t ‘
F -

Approved by Higls Kister T

Issued: Jenuary 21, 2009

This caltration cenificate shall not be reproduced excapt in full without written approval of the laboratory,

Certificale Mo: EX3-3514_Jan(8
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=onronae. CaliDration Certificate of DASY

Calibration Laboratory of A,
Schmid & Partner Fl

Engi

Zeughaussirasse 43, B004 Zurich, Switerland e~ _.v"-

5 Schweinorischer Kallbriordienst

c Sarvice suisse d'italonnage
Servizio svizzero di tarstura

S  Swiss Calibration Service

neering AG

Aocrodiled by the Swiss Accraditation Servica [SAS) Agcreditation No.: SCS 108
Thae Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration cerfificates

Glossary:

TSL

tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF
DCP

sensitivity in TSL / NORMx.y.z
dicde compression point

Polarization ¢ o rotation around probe axis
Polarization 3 8 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., 8 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

o)

Metho

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

|IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

ds Applied and Interpretation of Parameters:

NORMzx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
MNORMx,y,z does not effect the E2-field uncertainty inside TSL (see below ConvF).
NORM(fix,y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2, The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency nor media.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds to
NORMzx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending
the validity from £ 50 MHz to £ 100 MHz.

Spherical isotropy {30 devialion from isofropy): in a field of low gradients realized using a
fiat phantom exposed by a patch anfenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No tolerance required.

Cerificata No: EX3-3514_JanDg Page2af 8
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=onronae. CaliDration Certificate of DASY

EX3DV3 SN:3514 January 21, 2009

Probe EX3DV3

SN:3514

Manufactured: December 15, 2002
Last calibrated: January 31, 2008
Recalibrated: January 21, 2009

Calibrated for DASY Systems

(Mote: non-compatible with DASY2 system!)

Cerificate No: EX3-3514_Jan09 Page 3af 9

SPORTON INTERNATIONAL INC.



=onronae. CaliDration Certificate of DASY

EX3DV3 SN:3514 January 21, 2009

DASY - Parameters of Probe: EX3DV3 SN:3514

Sensitivity in Free Spaceﬁ‘ Diode Compressiona
NormX 0.66 £10.1%  pV/(Vim)? DCP X 91 mV
NormY 0.70 £10.1%  pVI(Vim)* DCPY 94 mV
NormZ 0.60 £10.1%  pVI(V/m)? DCPZ 95 mV

Sensitivity in Tissue Simulating Liguid (Conversion Factors)

Please see Page 8.

Boundary Effect
TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 20mm 3.0 mm
SARy, [36] Without Correction Algarithm 7.7 4.4
SAR,, [%] With Comection Algorithm 0.8 0.3
TSL 1810 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 20mm 3.0 mm
SAR,, [%] Without Correction Algorithm 6.2 3.4

SAR;, [%] With Correction Algorithm 0.7 0.3

Sensor Offset

Probe Tip to Sensor Center 1.0 mm

The reported uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 85%.

* The uncertainties of MormX,Y,Z do not affect the E*-fied uncertainty inside TSL (see Page &)
* Mumerical linearization paramater: uncertainty not required.

Cerificate Mo: EX3-3514_Jan09 Page 4 of 8
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=onronae. CaliDration Certificate of DASY

EX3DV3 SN:3514 January 21, 2009

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

5
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"
5
£
-
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g
2
= 0.8
=
2
=]
g o8
i

o7

0.6

0.5

0 500 1000 1500 2000 2500 3000
f [MHz]
—8—TEM —0—R22
Unceriainty of Frequency Response of E-field: £ 6.3% (k=2)
Corlificaie No: EX3-3514_Jan08 Page 5 of @
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=onronae. CaliDration Certificate of DASY

EX3DV3 SN:3514 January 21, 2009

Receiving Pattern (), 9 = 0°

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

1.0
08 :
06 T —0— 230 MHz
_. o4 { —8— 100 MHz
g 02 . —o— 500 Mz
5 o0 BRSNS s e s SRR e80T o o
G 5a —a— 2500 MHz
0.6
4.8
=10
] 71 120 180 240 300
L1y
Uncertainty of Axial Isctropy Assessment: £ 0.5% (k=2)
Certificate No: EX3-3514_JanD8 Page 6ol 9
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=onronae. CaliDration Certificate of DASY

EX3DV3 SN:3514 January 21, 2009

Dynamic Range f(SAR;q.q4)

(Waveguide R22, f = 1800 MHz)

1.E+0S

1.E+D4

Input Signal [;V]
m
1]
=]
L

1.E+02

1.E+01

1.E+00
0.000% 0.001 0.01 0.1 i 10 100

SAR [mW/em?]

—8— not compensaled —— compansated

Error [dB]

0001 0.0 0.1 1 10 100
SAR [mWicm']

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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=onronae. CaliDration Certificate of DASY

EX3DV3 5N:3514 January 21, 2009

f [MHz]

Conversion Factor Assessment

Validity [MHz]  TSL  Parmittivity Conductivity _ Alpha Depth __ ConvF Uncertainty

1810
2300
2600
3500
5200
5300
5500
5600
5800

200

1810
2300
2600
3500
5200
5300
5500
5600
5800

+ 50 /£ 100 Head 415+£5% 097=25% 045 0.76 831 £11.0% (k=2)
+50 /1100 Head 400:25% 140:5% 060 063 816 = 11.0% (k=2)
+50/1 100 Head 304+5% 1.7125% 053 063 7.78 £11.0% (k=2)
£ 50 =100 Head 380+5% 196+5% D6 218 7.34 £ 11.0% (k=2)
+50 1% 100 Head 379:5% 29125% 0.50 0.6 6.89 +£13.1% (k=2)
+ 50+ 100 Head 360:x5% 4858z5% 040 170 478 =13.1% (k=2)
+50/+ 100 Head 359:x5% 4.76xz5% 040 1.70 440 £13.1% (k=2)
+ 50+ 100 Head 35615% 4965£5% 040 170 422 £13.1% (k=2)
+ 501 +100 Head 355z5% 5.07x5% 040 170 4.13 £13.1% (k=2)

+50/ 2100 Head 353:5% S527+5% 040 170 413 £13.1% (k=2)

+50/+100 Body 550%5% 1.05%5% 042 076 9.41 +11.0% (k=2)
+50/ £ 100 Body 533+£5% 152%5% 085 056 818 +11.0% (k=2)
+50 /£ 100 Body 52845% 185+5% 018 417 7.60 +11.0% (k=2)
+50/ %100 Body 52525% 2.16+5% 034 114 7.20 £11.0% (k=2)
+50/£100  Body 51.325% 3.31%5% 053 081 640 13.1% (k=2)
+50/+ 100 Body 49.025% 530%5% 045 175 429 £13.1% (k=2)
+ 50/ + 100 Body 48.9:5% 54245% 045 175 394 £13.1% (k=2)
+ 50/ %100 Body 4B625% 5.65%5% 045 175 3.88 +13.1% (k=2)
+50/ %100 Body 4B5:5% 5.77+5% 045 175 380 +13.1% (k=2)
+50 (%100 Body 482:5% 6.00%5% 045 175 385 £13.1% (k=2)

£ The validity of £ 100 MHz enly spplies for DASY vé.4 and higher (see Page 2). The uncertainty is the RSS
of the ConvF uncertainty sl calibration frequency and the uncertainty for the indicated frequoncy band,

Cenrtificala Mo: EX3-3514_Jan08 Page Bol 8
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=onronae. CaliDration Certificate of DASY

EX3DV3 5N:3514 January 21, 2009

Deviation from Isotropy in HSL
Error (¢, 3), f =900 MHz

Error [dB]

n

1,000,680 .-ﬁ.m—l:l.BIJ W -0.60--0.40 B-0.40--0.20 W.0.20-0.00

0000-020 B0O20-040 OO040-060 DO0S0-0.80 WOED-1.00

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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seomron tas.  FCC SAR Test Report Report No. : FA870804-01

Appendix D - Product Photos

EET IRl L

TR R T ORI Y T

R Y R IR RN e = & = "o

T

s s alls s s ®a e =

A apEe =

u S e oo 0w

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456 Report Issued Date : Mar. 13, 2009
FAX : 886-3-328-4978 Report Version : Rev. 02

FCC ID : HLZZG5WIIM



seomron tas.  FCC SAR Test Report Report No. : FA870804-01

Antenna Location :

WLAN & WiMAX Aux. Ant. WLAN & WiMAX Main Ant.
(Rx Only) (Tx / Rx)
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SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456 Report Issued Date : Mar. 13, 2009

FAX : 886-3-328-4978 Report Version : Rev. 02
FCC ID : HLZZG5WIIM



seamron cas.  FCC SAR Test Report Report No. : FA870804-01

Appendix E - Test Setup Photos

NB Bottom with Ocm Gap - Front View

NB Bottom with Ocm Gap - Side View

SPORTON INTERNATIONAL INC.

TEL : 886-3-327-3456 Report Issued Date : Mar. 13, 2009
FAX : 886-3-328-4978 Report Version : Rev. 02

FCC ID : HLZZG5WIIM
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