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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |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

b) |EC 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

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; 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) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
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 the SMA connector to the feed point, The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required,

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom V4.9
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 45 0.90 mho/m
Measured Head TSL parameters {220+02)°C 429+6% 091 mho/m+6 %
Head TSL temperature during test (220+02)°C — -
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measuted 250 mW input power 243 mW /g
SAR normalized normalized to 1W 972mW /g
SAR for nominal Head TSL parameters normalized to 1W 971 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 158mW /g
SAR normalized normalized 1o 1W 6.32mW /g

SAR lor nominal Head TSL parameters

normalized to 1W

6.31 mW /g = 16.5 % (ke2)

Centiicate No: DBA5V2-499 Mar10
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Body TSL parameters
The lollowing parameters and caiculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 55.2 0.97 mho/m

Measured Body TSL parameters (220202)°C 556326% 1.01 mho/m =6 %

Body TSL temperature during test (22.020.2)°C - —
SAR result with Body TSL

SAR averaged over 1 em’ (1 g) of Body TSL Condition

SAR measured 250 mW nput power 253mW /g

SAR nomalized normalized to 1W 10.1mW /g

SAR for nominal Body TSL parameters normalized to 1W 982 mW /g =17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured 250 mW input power 166mW /g

SAR normalized normalized 1o 1W 664mW /g

SAR for nominal Body TSL parameters normalized to 1W 649 MW/ g = 16,5 % (k=2)

Certificate No: D835V2-499 Mar10
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed 10 feed point 5220-32§Q
Rotum Loss -284 0B
Antenna Parameters with Body TSL
impedance, transformed 10 feed point 501Q-590
Retumn Loss -24.7dB
General Antenna Parameters and Design
rEIecmcal Delay (one direction) l 1.391 ns

Altar long term use with 100W radiated power, only a slight warming of the dipole near the leedpoint can be measured,

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals,
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manutactured on

July 10, 2003

Centificate No: D835V2-499 Mar1(
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ssammon nas. Calibration Certificate of DASY

DASYS5 Validation Report for Head TSL

Date/Time: 22.03.2010 10:17:58

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: DB3SV2: Serial: DS35V2 - SN:499

Communication System: CW; Frequency: 835 MHz: Duty Cycle: 1:1

Medium: HSL90O

Medium parameters used: { = 835 MHz: o = 0.91 mho/m: ¢, = 42.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

Probe: ES3DV3 - SN3205; Conv6.04, 6,04, 6,04); Calibrated: 26.06.2009
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 02.03.2010

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA: Senal: 1001

Mecasurement SW: DASYS, V5.2 Build 157: SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Mcasurement
grid: dx=5mm. dy=5mm, dz=5mm

Reference Value = 57.5 V/im: Power Drift = 0.00691 dB

Peak SAR (extrapolated) = 3.63 W/kg

SAR(1 g) = 243 mW/g: SAR(10 g) = LS8 mW/g

Maximum value of SAR (measured) = 2.84 mW/g

mn2

0dB = 2.84mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Date/Time: 22.03.2010 14:07:53
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 835 MHz: Type: DS3SV2; Serial: DS35SV2 - SN:499

Communication System: CW: Frequency: 835 MHz: Duty Cycle: 1:1

Medium: MSL900

Medium parameters used: f = 835 MHz: o = 1.01 mho/m: &, = 55.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2007)

DASYS Configuration:
e Probe: ES3IDV3 - SN320S; ConvF(5.97, 5,97, 5.97). Calibrated: 26.06.2009
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
¢ Phantom: Flat Phantom 4.9L: Type: QDOO)P49AA; Serial: 1001
*  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5Smm, dy=5mm, dz=5mm

Reference Value = 55.6 V/m; Power Drift = 0.011 dB

Peak SAR {extrapolated) = 3.73 Wikg

SAR(I g) = 2.53 mW/g: SAR(10 g) = 1.66 mW/g

Maximum value of SAR (measured) = 2,94 mW/g

4
‘N2

0dB = 2.94mW/g
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Impedance Measurement Plot for Body TSL
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Accrediod by the Swiss Accraditason Servce (SAS)
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Calibrabon procedura(s) QA CAL-05.v7
Calibration procedure for dipole validation kits
Calibrabon date: March 23, 2010

This calibration cardficate documents the tracesdiity to nationsl standsrdy, whech reafize the physical Units of measurements (Si)
The measurements and the uncenantes with confidence probatility are grven on the following pages and are part of the certificato

All calibrations have been conducted in the closed laboratory facility: environment tamperature (22 = 3)°C and humiddy < 70%

Caltration Equipment used (MATE critical 1or calibiration)
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Calibration Laboratory of

Schwelzerischer Kallbrierdienst
Schmid & Pariner Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasae 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accreditod by the Swiss Accrodtation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

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

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; 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) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the fiat 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 the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result,

Certiticate No: D1900V2-53041_Mar10 Page 20l 9
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Measurement Conditions
DASY system configuration, as far as not given on page 1

DASY Version DASYS V52

Extrapolation Advanced Extrapotation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 400 1.40 mho'm

Measured Head TSL parameters (220+02)°C 411=6% 1.45 mho/m = 6 %

Head TSL temperature during test (215+202)"C aa
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

SAR measured 250 mW input power 10.1mwW/g

SAR normalized normalized to 1W 404mW /g

SAR for nominal Head TSL parameters normalized to 1W 39.8 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 250 mW Input power 525mW /g

SAR normalized normalized 1o 1W 21.0mW /g

SAR for nominal Head TSL parameters normalized 10 1W 209 mW /g £ 16,5 % (k=2)
Certificate No: D1900V2-50041_Mar10 Page 3of 9
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Body TSL parameters
The following parameters and calculabons were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 549:6% 158 mhoim=8%
Body TSL temperature during test (215+02)*C e .
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 104mW /g
SAR normalized normalized to 1W 416mW/g
SAR for nominal Body TSL parameters normalized 1o 1W 400 mW /g =17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW Input power 557mW /g
SAR normalized normalized to 1W 23mW /g

SAR for nominal Body TSL parameters

normalized 10 W

221 MW/ g £ 16,5 % (k=2)

Certificate No: D1900V2-5d041_Mar10
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Appendix
Antenna Parameters with Head TSL

impedance, transtormed 10 fead pont 5090+590
Retumn Loss -246d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed pont 463045712
Ratum Loss -231dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.202 ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the leading line is directly connected 1o the
second arm of the dipole. The antenna Is therefore short-circuited for DC-signals.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on July 04, 2003
Centificate No: D1200V2-5d041_Mart0 Page 50l 9
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DASYS5 Validation Report for Head TSL

Date/Time: 23.03.2010 12:03:30
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: DI900V2; Serial: D1900V2 - SN:5d041

Communication System: CW: Frequency: 1900 MHz: Duty Cycle: 1:1

Medium: HSL. U1 BB

Medium parameters used: f = 1900 MHz: o = 1.45 mho/m; g, = 41.2; p = 1000 kg/m’
Phantom scction: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.09, 5.09, 5.09); Calibrated: 26.06.2000
*  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
« Phantom: Flat Phantom 5.0 (front}; Type: QDOOOPSOAA: Sernial: 1001
e Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Vilue = 96.8 Vim; Power Drift = 0,040 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(I g) = 10.1 mW/g: SAR(10 g) = 5.25 mW/g

Maximum value of SAR (measured) = 12.7 mW/g

o
L
4
.
12
16
20
0dB = 12.7mW/g
Certiicate No: D1900V2-5d041_Mar10 Page 6of 9
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Impedance Measurement Plot for Head TSL

Centibcate No: D1900V2-5d041_ Mar10 Page 7 of @

SPORTON INTERNATIONAL INC.



SPORTON LAB.

Calibration Certificate of DASY

DASY5 Validation Report for Body

Date/Time: 17.03.2010 12:43:32
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: D190V 2: Serial: D1900V2 - SN:5d041

Communication System: CW: Frequency: 1900 MHz: Duty Cycle: 1:1

Medium: MSL U1l BB

Medium parameters used: £= 1900 MHz; o = 1.58 mho/m; &, = 55; p = 1000 kg/m'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2007)

DASYS Configuration:
* Probe: ES3DV3 - SN3205; ConvF(4.59, 4,59, 4.59); Calibrated: 26.06,2000
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA: Serial; 1002
e Measurement SW: DASYS, V5.2 Build 157: SEMCAD X Version 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Mcasurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 96.1 V/m; Power Drift = 0.017 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 10.4 mW/g; SAR(10 g) = 5.57 mW/g

Maximum value of SAR (measured) = 13,1 mW/g

a8
[
i
a
L
S H
16
20
0dB =13 1mW/g
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Impedance Measurement Plot for Body TSL

Centificate No: D1900V2-5d3041 Mar10 Page 9ol 9
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Calibration Laboratory of L, §  Schweimische Kalbrordienst
Schmid & Partner = G Servies sulise diaisanige
Engineenng AG < > Serviaio svizaweo of tarsturs
m:ngum?ga 3004 Zurich, Switssrtand “g{i/—%}f S Suies Calibeation Sarvice
Accrodited by he Seiss Accrediation Serecn (SAS) Accreditation No.2. SCS 108

The Swas Aotrodnation Service i one of the sigratories to the EA
Nultiaseral Agreomeont for the recogation of calbiration cartificatas

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
* DC Vottage Measuremnent: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds o the full scale range of the voltmeter in the respective range.

+  Comnector angle: The angle of tha connector is assessed measuring the angle mechanically
by a tool inseried. Uncertainty is not required.

« The following parameters as documented in the Appendix contan technical information as a
result from the performance test and require no uncartainty.

DC Vollage Measurement Linearily: Verification of the Linearity at +10% and -10% of the
nominal cakibration voltage. Influence of offset voltage is included In this measurement.

Common mode senaitivity: Influence of a positive or negative common mode voltage on
the differential measurement,

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

AD Converter Valves with inputs shorted: Values on the intemnal AD converter
corresponding to zero input voltage

Input Offset Measurement: Output voltage and statistical resulls over a large number of
zero wollage measurements,

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

Input resistance: Typical value for information: DAE input resistance at the conneclor,
during intemal auto-zarcing and during measurement.

Low 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.

Canficata No: DAES-577_Aug 10 Page 20l §
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DC Voltage Measurement
AD - Corwerter Resoltion nominal
High Range: WS8 = Sy, ful range = 100, +300 mV
Low Range: LS8 = 6inV, fubrange = -1 +3mV
DASY measurement paramelers: Auto Zero Time: 3 soc Measuring time: 3 sac
Calbration Faotors X Y z
MHigh Range 404 410+ D.1% (k=2) | 403875 =0.1% (k=2) | 404.306 + 0.1% (k=2)
Low Range 3928623 £ 0.7% (k=2) | 393747 = 0.7% (k=2) | 3.95950 + 0.T% (k=2)
Connector Angle
Connector Angle 1o be used in DASY sysermn | 2370011
Certificate No: DAES-E77_Augil Page Sof 8
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Calibration Certificate of DASY

Appendix
1. DC Voltage Linearity
High Range Reading (V) Diffecnnce (V) Error (%)
Channel X + Input 200002 4 1.01 0.00
Channel X + Input 20001 80 200 0
Channel X - Input 15605 45 395 0.02
Channel Y + Input 200000.8 034 0.00
Channel ¥ * Input 20000.24 044 0.00
Channel Y - Input -16699.63 D63 000
Channel Z * Input 200009.4 D37 .00
Channel 2 * Input 20001.26 166 0.01
Channal Z - Input -18607.82 118 001
Low Range Reading (uV) Difference (uV) Error (%)
Channal X + Input 20015 1,47 007
Channel X + nput 199,54 -0.56 028
Channel X « Input -200.29 0.19 0.10
Channel Y + Inpat 2000 4 0.46 0.02
Channel Y + Input 199.57 -0.43 022
Channel Y « Input =200 29 <098 0.50
Channel 2 +Input 2000.3 0.15 o.M
Channel Z +Input 198.91 -1.19 .60
Channel Z « Input -201.38 -1.18 0.59
2. Common mode sensitivity
DASY meassuremen] paramebers: Auto Zero Time: 3 sec; Maasuring time: 3 ses
Common mode High Range Low Range
Input Voltage (mV) Average Reading {uV) Average Reading (uV)
Channel X 20 15.30 13.68
-200 -12.48 4407
Channal Y 200 490 873
-200 608 552
Channei Z 200 -144 1.60
- 200 0.02 o0a
3. Channel separation
DASY measurement paramatars: Aulo Zeeo Time: 3 sac; lime: 3 snc
Input Voltage (mV) | Channed X (i) = Channel ¥ {1V) Charnal Z (pV)
Channel X 200 - 226 076
Channel Y 200 an . 437
Channel Z 200 0.70 003 -
Canificate Noc DAESSTT_Augt0 Paged ol 5
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4, AD-Converter Values with inputs shorted
DASY measFaman parameinrs: Auin Zeno Time: 3 sec; Measuring time: 3 sec

High Rarge (LSE} Low Range (L3E6}
Chanrssl X 1587 16472
Chanmel ¥ AR TEBRG
Channsl I 1820 16756

5. Input Offset Measurement
DESY massuramant paramaian: Auto Zer Tima: 3 sec; Measudng re: 3 ses

Inpul 10863
Std, Deviation
Awerage (V] min. Offsat {uV) | max. Offsat (uv) (¥}
Channal X g -1.80 .13 0.EE
Channel ¥ .57 -1.35 128 [P 1]
Channal Z 097 -1.74 40.35 0.20

6. Input Offset Curremnt
Mominal Input circuiiny affsed cumrent on &l channals: <2504

T. Impul Resistance Typical values ko istomatian)

Zerging (kOhm) Meazuring (MO hm)
Channel X 204 0
Chanrssl ¥ 200 200
Channel 2 200 200
8. Low Battery Alarm ¥ 1 values for information)
Typieal values flarm Level (VD)
Hupply |+ Yoc) T8
Supply |- Veg) T
9. Power Consumpthon (Typicsl waluss for rdormation)
Typical vabues Swilched off (m&) | Stand by (ma) Transmitting {mdé)
Supply [+ Wes| +0.01 +H wd
Supply [- Voo) 001 -E_ e
Certificate Mo: DAEF-577_Aug il Paga 5ol §
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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 Swigs Accreditation Service is one of the signatories to the EA
Multilateral Agraement for the recagnition of calibration certificates

Client Auden Certificate No: DAE4-910_Sep09

|CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BK - SN: 910

Calibration procedure(s) QA CAL-06.v20
Calibration procedure for the data acquisition electronics {DAE)

Calibration date: September 18, 2009

! Condition of the calibraied tem  In Tolerance

This calibration certificate documents the traceabllity to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertaintias with confidence probability are given on the following pages and are part of the cerificate.

Al calibrations have been conducted in the closed laboratory facility: environmant temparature (22 £ 3)°C and humidity < J0%.

| Galibraban Equipment used (MATE aritical for calibration)

| Primary Standards =X Cal Date (Certificate No.} Sehaduled Calibration
: Keithlay Multimater Typa 2001 SN: 0810278 30-Sep-08 (No: 7670) Sep-09
Secondary Standards D # Chack Dala {in house) Schaduled Check
Calibrator Box Wi SE UMS 006 AB 1004 05-Jun-09 ¢in house check) In house check: Jur-10
Narme Functicn Signatu e
Catibrated by: Dominique Steffen Technician ;J
[ é
Approved by: Fin Bomholt RA&D Director oy . )
{y o e ity
Issued: September 18, 2009
This calipration certficate shall nol be reproduced axcept in full without witten approval of the iaboratary. e

Certificate No: DAE4-210_Sep09 Page 1 0f 5
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i i A
Cﬂ|lblj3tl0l'l Laboratory of s\"\@’ ‘:t,; S Schweizerischer Kalibriardienst
Schmid & Partner % c Service suisse d'dtalonnage

Enginee fiﬂg AG S Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich. Switzerland 7'/,"/‘_':-\‘\\.‘\3‘ 3 Swiss Calibration Service
MUTIT
Accredited by the Swiss Accrediiation Servics (SAS) Accreditation No.: SCS 108

Tha Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognitien 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

DC Voltage 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 veltmeter in the respective range.

Connector 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.

e 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 hot subject to an
input voltage.

o AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zerc input voltage

s [nput Offset Measurernent: Qutput voltage and statistical resuits over a large number of
zero voltage measurements.

» 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 intemal auto-zeroing
and during measurement.

o Low Baitery 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.

Cerlificate No: DAE4-910_Sep0d Page 2ofb
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DC Voltage Measurement
A/D - Convarier Resolution aominal

High Range: 1LSB= 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = BinY , full range = -1.......+3m¥
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.468 + 0.1% (k=2) | 402.794 £ 0.1% (k=2) | 403.267 +0.1% (k=2]
Low Range 3.98156 + 0.7% (k=2) | 3.93790 £ (.7% (k=2) | 3.95318 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 3325°%x1° _|

Certificate No: DAE4-910_Sep0dd Page 3of5
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference {uV) Error (%o}
Channel X + Input 200007 .9 0.26 0.00
Channel X + Input 19999.78 -0.42 -0.00
Channel X - Input -20000.04 -1.04 0m
Channel Y + Input 199998 4 Q.89 0.00
Channel Y + Input 19996.78 2,72 -0.01
Channel Y - Input -20001.06 -1.46 0.01
Channel Z + Input 199996 .4 015 -0.00
Channel 2 + Input 1899721 -2.39 -0.01
Channel Z - Input -20000.90 0.01 0.01
Low Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 2000.2 0.25 0.01
Channel X + Input 198.01 -1.78 -0.88
Channel X - Input -201.04 -1.14 0.57
Channel ¥ + Input 2000.2 -0.04 -0.00
Channel Y + Input 198.23 -1.77 -0.88
Channel ¥ - Input -202.23 -2.23 1.12
Channel 2 + Input 19947 -0.72 -0.04
Channel 2 + Input 187.54 -2.46 -1.23
Channel 2 = Input -202.83 -2.83 1.42
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -14.99 -16.70
- 200 18.86 16.76
Channel Y 200 5.73 543
- 200 -7.07 -7.23
Channel Z 200 -11.68 -11.63
- 200 10.57 10.18

3. Channel separation

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

Input Valtage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z {4V}
Channel X 200 - 2.48 -1.62
Channel ¥ 200 2.03 - 513
Channel Z 200 21 .30 -
Certiticale Mo: DAE4-810_Sepds Pagedels
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring tima: 3 sec

High Range (LSB)

Low Range {LSB)

Channel X

16170 16227
Channel Y 15395 15569
Channel 2 16720 16928

5. Input Offset Measurement

DASY measuremant parametars: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10M$2
Average (uV) min. Offset (uV) | max. Offset (uV) Std. ?:J;atlon
Channel X -0.86 -2.19 .78 0.58
Channel Y -0.88 -2.32 0.63 0.57
Channel 2 -1.64 -2.82 0.09 0.57
6. Input Offset Current
Momina!l Input circuitry offset current on all channels: <25fA
7. Input Resistance
2Zeroing (MOhm) Measuring (MOhm)
Channel X 0.2000 198.8
Channel Y 0.1999 198.8
Channel Z 0.1999 199.9

B. Low Battery Alarm Voltage (verified during pre test)

Typical values

Alarm Level (VDC)

Supply (+ Vcc)

+7.9

Supply {- Vcc)

-7.8

9, Power Consumption (verified during pre test)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)

Supply (+ Vcc) +0.0 +14

Supply (- Vec) -0.01 -9
Certificate No: DAE4-910_SepD9 Page 5of 5
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Calibration Laboratory of \x“‘&"’@ S Schwoizerischer Kalibrierdienst
Schmid & Partner e c Service suisse d'étalonnage
Engineering AG 5 & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ~ = 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 Agr t for the gnition of calibration certificates
client  Sporton (Auden) Certificate No: ET3-1787_May10
ICALI BRATION CERTIFICATE
e
Otject ET3DV6 - SN:1787
Calibration procedure(s) QA CAL-01.v6, QA CAL-23.v3 and QA CAL-25.v2

Calibration procedure for dosimetric E-field probes

Calibration date. May 18,2010

This calibeation certificate documents the fraceability to national standards, which realize the physical units of measurements (SI)
The measurements and the uncert with confid probabiity are given on the folowing pages and are part of the certficate

All calibrations have been conducted in the closed laboratory facity. environment temperature (22 £ 3)°C and humidity < 70%

Cadbration Equipment used (METE critical for calibration)

Primary Standards |o» Cal Date (Certficate No ) Scheduled Calibration

Power mater E44198 GB41203874 1-Apr-10 (No. 217-01136) Ape-11

Power sensor E4412A MY41495277 1-Apr-10 (No. 21 7-01136) Apr-11

Power sensor E4412A MY41498087 1-Apr-10 (No. 217-01138) Apr11

Raference 3 dB Attenuator SN: S5054 (3¢) 30-Mar-10 (No. 217-01150) Mar-11

Reference 20 dB Attenuator SN: S5086 (20b) 30-Mar-10 (No. 217-01161) Mar-11

Raferenca 30 dB Attenuator SN: 55129 (30b) 30-Mar-10 (No. 217-01160) Mar-11

Reference Probe ES30V2 SN: 3013 30-Dac-09 (No. ES3-3013_Dec0B) Dec-10

DAE4 SN: 860 20-Apr-10 (No. DAE4-660_Ape10) Apr-11

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

RF generator HP 8648C US3842U01700 4-Aug-93 (in house check Oct-09) In house check Oct-11

Network Analyzer HP B753E US37390585 18-0ct-01 {in house check Oct-09) In house check: Oct10
Name Function Signature |

Cakbrated by Jeton Kastrati Laboratory Technician

Approved by Kaye Pokovic Technical Manager /& 4

Issued: May 22, 2010

This calibration certificate shail not be reproduced except in full withaut writien approval of the laboratory

Certificate No: ET3-1787_May10 Page 1 of 11
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Calibration Certificate of DASY

Calibration Laboratory of S Schwoizerischer Kallbrierdienst

Schmid & Partner c Service sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasso 43, 8004 Zurich, Switzerland S swiss Calibration Service

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag nt 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

DCcP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B C modulation dependent linearization parameters

Polarization ¢ « rotation around probe axis

Polarization 8 & rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 9 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |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

b) |EC 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:
» NORMX,y z: Assessed for E-field polarization 3 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguide).
NORMy,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)

*  NORM(f)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 with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e  Axyz Bxy.z Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

*  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 { > 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

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

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

Certificate No: ET3-1787_May10 Page 2 of 11
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ET3DV6 SN:1787 May 18, 2010

Probe ET3DV6

SN:1787

Manufactured: May 28, 2003
Last calibrated: May 26, 2009
Recalibrated: May 18, 2010

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: ET3-1787 May10 Paae 3 of 11
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ET3DV6 SN:1787 May 18, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1787

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z lUnc (k=2)
Norm (uV/(V/im))* 1.60 1.79 210 |+10.1%
DCP (mV)® 92.4 95.5 91.0

Modulation Calibration Parameters

(§]]s] Communication System Name PAR A B Cc VR Unc®
dB dBuV mV (k=2)
10000 cw 0.00 X 0.00 0.00 1.00( 300.0 1 1.5%
Y 0.00 0.00 1.00[ 3000
Z 0.00 0.00 1.00[ 3000

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 uncertamties of NormX. ¥, 2 do not affect the E-fieid uncerainty inside TSL (see Pages 5 and 6)
* Numerical linearization parameter uncentainty nat required
- Uncertainty is daterminad using the macmum dewiabon from [inesr response applying recatangular dsinbution and is for the square of the field value

Cedtificate No: ET3-1787_May10 Page 4 of 11
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ET3DV6 SN:1787 May 18, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1787

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [MHz)®  Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2)
750 +50/% 100 415+ 5% 0.90 £ 5% 6.56 6.56 6.56 0.52 196 £11.0%
835 +50/2 100 419+5% 0.89 £ 5% 6.21 6.21 6.21 0.42 223 £11.0%
1750 + 50/ 100 401 + 5% 1.37 £ 5% 5.36 5.36 536 0.49 118 £11.0%
1900 +50/% 100 40.0 £ 5% 1.40 £ 5% 5.09 5.08 5.09 0.66 220 +11.0%
2450 +50/% 100 39.2+5% 1.80 £ 5% 4.50 4.50 450 0.99 163 £11.0%

“ The validity of + 100 MHZ only applies for DASY v4 4 and heghar (s6e Page 2). The uncariainty |8 the RSS of the ComvF uncertainty at cabbration fregquency

and tha uncanainty for the Ingicaled fraguency band

Certificate No: ET3-1787 May10 Paae 5 of 11
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ET3DV6 SN:1787 May 18, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1787

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz) Validity [llll-lz]8 Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2)
750 +50/+100 55.5 £ 5% 0.96 + 5% 6.22 6.22 6.22 0.48 220 +11.0%
835 +50/%100 55.2 £ 5% 0.97 + 5% 6.12 6.12 6.12 0.39 245 £ 11.0%
1750 +50/+100 53.4 £ 5% 149+ 5% 472 472 472 0.63 290 £11.0%
1800 +50/+ 100 533 +5% 1.52 £ 5% 4.47 4.47 4.47 0.88 239 £ 11.0%
2450 £50/+100 52.7 £ 5% 1851 5% 403 403 4.03 0.99 135 2+ 11.0%

 The validity of + 100 MHz only applies for DASY w4 4 and higher (see Papge 2) The unceriainty is the RSS of the ConvF uncertainty at calbraton frequency

and the uncertainty for the indicated frequency band

Certificate No: ET3-1787 May10 Pane 6 of 11
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ET3DV6 SN:1787 May 18, 2010

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

Frequency response (normalized)
P

09
08
0.7
06
0.5

0 500 1000 1500 2000 2500 3000

f (MHz)
—0—TEM @ 122

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

Certificate No: ET3-1787 May10 Paae 7 of 11
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ET3DV6 SN:1787

Receiving Pattern (¢), 9 = 0°

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

—0—X oY @8-I —O-Tat —0—X oY —0—2Z —O-Tot
1.0
08 |
086 { |
5 0.4 ‘ —0— 30 Mz
= g i . ‘ ‘ —8— 100 MHz
.02 ‘ B —e— 600 MHz
w
0.4 | | —— 1800 MHz
-08 { b1 2500 MHz
08 |
1.0
0 60 120 180 240 300
$[1
Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
Certificate No: ET3-1787 May10 Paoe 8 of 11
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ET3DV6 SN:1787

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

1 E+05

1.E+04

1.E+03

Input Signal [uV]

1E+02 |

1E+D1

1.E+00
0.0001 0.001 0.0 01 1 10 100
SAR [mW/ecm’]

—&— not compensated —&— compensated

2°°®000s00m

0.001 001 01 1
SAR [mW/cm’)

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DV6 SN:1787 May 18, 2010

Conversion Factor Assessment

f =835 MHz, WGLS R9 (head) f=1750 MHz, WGLS R22 (head)

0 10 20 30 40 50 60 0 10 20 30 40
z[mm] 2[mm)]
—®— Analytical —0— Measurements —@— Analytical ~0—Measurements

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

Error [dB]

®-1.00-080 W-080-060 M-060-040 W-040-020 W-020-000
Q000020 WO20040 DO4OS) BOEC060 WO.LD1.00

Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ET3DVE SN:1787 May 18, 2010
Other Probe Parameters

Sansor Arrangement Triangular
Connector Angle [*) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode dizabled
Probe Owverall Length 337 mm
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diametear 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 27 mm
Probe Tip to Sensor Z Calibration Paint 2.7 mm
Recommanded Measurement Distance from Surface 4 mm

Certificate No: ET3-1787 May10 Paae 11 of 11
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