aron aa Calibration 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 18056 16950
Channel Y 16153 15741
Channel Z 16441 16066

5. Input Offset Measurement

DASY measuremen! parameters: Auto Zero Time: 3 sec; Measuring fime: 3 sec

input 10MQ
Average (uV) | min. Oftset (uV) | max. Offset (uv) | ' mm"
Channel X 0.32 -2.35 2.08 0.55
Channel Y -1.83 -2.96 0.72 047
Channel Z -1.83 3.00 -0.80 0.45
6. Input Offset Current
Nominal inpul circuitry offset current on all channels: <25(A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +79
Supply (- Veo) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) -0.01 -8 9
Cetificate No: DAE4-778_Oct10 Page 5 of 5
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client  Auden Certificate No: DAE4-905_Oct10

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BK - SN: 905

Calibration procedure(s) QA CAL-06.v22 : 4
‘Calibration procedure for the data acquisition electronics (DAE)

Calibration date: October 5, 2010

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {S1).
The measurements and the uncertainties with confidence probabllity are given on the following pages and are part ol the certiticate.

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

Calibration Equipment used (M&TE critical for cakbration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11

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

Calibrator Box V1.1 SE UMS 006 AB 1004  07-Jun-10 (in house check) In house check: Jun-11
Name Function Signature

Calibrated by Dominique Steffen Tachnician wz
Approved by: Fin Bomholt R&D Director 7“—'—’( ’/ ’g
AP

issued: October 5, 2010

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

» 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.

s 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

» Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: 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 connector,
during internal auto-zeroing and during measurement.

e 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.

Certificate No: DAE4-305_0ct10 Page 2 0i 5
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asron e CaliDration Certificate of DASY

DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV,
Low Range: 1LSB = 6inV,
DASY measurement parameters: Auio Zero Time: 3 sec; Measuring time: 3 sec

full range =
full range =

-100...+300 mV

Calibration Factors

X

Yi

z

High Range

404.818 + 0.1% (k=2)

405.369 + 0.1% (k=2)

404.941 £ 0.1% (k=2)

Low Range

3.98222 + 0.7% (k=2)

3.99983 + 0.7% (k=2)

3.99807 + 0.7% (k=2)

Connector Angle

Connector Angle to be used In DASY system

2235°+1°

Cerificate No: DAE4-905_0Oct10
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asron e CaliDration Certificate of DASY

Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200006.0 -1.48 -0.00
Channel X + Input 19999.30 -0.00 -0.00
Channel X = Input -19997.12 2.48 -0.01
Channel Y + Input 199995.6 -1.07 -0.00
Channel Y + Input 19998.23 -1.87 -0.01
Channel Y - Input -19999.33 0.37 -0.00
Channel Z + Input 199995.4 -0.96 -0.00
Channel Z + Input 19998.39 -1.51 -0.01
Channel Z - Input -19998.16 1.44 -0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.2 0.16 0.01
Channel X + Input 200.32 0.32 0.16
Channel X - Input -199.51 0.59 -0.29
Channel Y + Input 20001 0.33 0.02
Channel Y + Input 199.68 -0.32 -0.16
Channel Y - Input -200.45 -0.45 0.23
Channel Z + Input 2000.3 0.34 0.02
Channel Z + Input 199.12 -0.78 -0.39
Channel Z - Input -200.15 -0.25 0.13
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 10.31 8.32
=200 -6.79 -8.52
Channel Y 200 8.21 8.40
- 200 -9.79 -9.57
Channel Z 200 2.02 1.85
- 200 -3.24 -3.43

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

Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 3.08 0.69
Channel Y 200 2.26 - 5.91
Channel Z 200 2.53 -0.47 =
Centificate No: DAE4-905_0ct10 Page 4 of 5
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asron e CaliDration Certificate of DASY

4. AD-Converter Values with inputs shorted
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15898 16449
Channel Y 16145 16907
Channel Z 16385 17331
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) M l():\\ll;atlon
Channel X 0.46 -0.31 1.72 0.27
Channel Y -0.34 -0.86 0.68 0.27
Channel Z -0.93 -2.24 0.80 0.44

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25{A

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vcc)

+7.9

Supply (- Vee)

-7.6

9. Power Consumption (Typical values for information)

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

Supply (+ Vee) +0.01 +6 +14

Supply (- Vec) -0.01 -8 -9
Centificate No: DAE4-905_0ct10 Page 50f 5
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Schmid & Partner Engineering AG s e a

Zeughausstrasse 43, BOU4 Zurich, Swirzarland
Phone +41 44 245 9700, Fax +41 44 245 9/79
info@speag.com, htipihwww.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit iz a delicate, high precision instrument and requires careful lreatment by the user, There are no
serviceable parts inside the DAE. Special attention shall be given lo the following points:

Battery Exchange: The battery cover of lhe DAE4 unit Is closad using a scrow, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG far calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Failures Touch detection may be malfunctioning due 1o broken magnets in the E-slop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customar shall always mount the probe lo the DAE
carefully and keap the DAE unit in a non-dusty environment if not used for measuraments.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since lhe exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
In the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

INever attempt to grease or oil the E-stop assembly, Cleaning and readjusting of the E-
stop assembly Is allowed by certified SPEAG personnel only and Is part of the annual
calibration procedure.

Important Note:* =

T.n‘%[gvnnt damage of the DAE probe connector pins, use great care when Installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotatlonal movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR040315AD DAE4.doc 11.12.2008




Calibration Laboratory of S, Schwelzerischer Kalibrierdienst
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Schmid & Partner —e Service suisse d'étalonnage
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Zeughaussirasse 43, B004 Zurich, Switzerland Swizz Calibration Service

Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
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Multilateral Agreamant for the recognition of calibration certificates

Calibration procedura(s)

Calibration dale:

This calibration cerificata documants the traceabilily lo national standards, which realize the physical units of measurements (3},
The measurements and the uncartainties with confidence probability are given on tha fellewing pages end are part of the certificata.

All calibrations have besn conductad in the closed laboralory facility: environmant tamparature (22 + 3)°C and humidity < 70%.

Callbration Equipment used (MATE critical for calibration)

Primary Stanclards 10 # Cal Darl'uﬂ (Cartificate Mo.) Secheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 2B-Sep-10 (Mo 10376) Sep-11

Secondary Standards 1D # Check Date (in housa) Scheduled Chack
Callbrator Box V1.1 SE UMS 006 AR 1004  08-Jun-11 (in house chack) In house check: Jurn-12

Calibrated by:

Approved by;

legued: Juna 17, 2011

This calibration certificate shall not ba reproduced except in full withoul wrillen approval of the labaratary.
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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 voltmeter 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.

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

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

» Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: 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 connector,
during internal auto-zeroing 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.

Cerificate No: DAE4-1279_Jun11 Page2of5




DC Voltage Measurement
A/D - Converler Resolution nominal

High Range: 1LSE = B.1uV , full range = -100...+300 mV
Low Range: 1LSB = 6inv, full range = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Calibration Factors X Y z
High Range 405.162 + 0.1% (k=2) | 404.963 + 0.1% (k=2) | 404.302 £ 0.1% (k=2)
Low Range 3.98709 + 0.7% (k=2) | 3.98815 + 0.7% (k=2) | 3.99781 + 0.7% (k=2) ]
Connector Angle

Connector Angle to be used in DASY system

118.0°%1°

Cartificate No: DAE4-1279_Junii
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Appendix

1. DC Voltage Linearity

High Range Reading {uV) Difference (uV) Error (%)
Channel X + Input 200002.8 4,26 -0.00
Channel X + Input 20001.11 0.81 0.00
Channel X  -Input -19998.30 1.20 -0.01
Channel Y + Input 1998585.9 -0.67 -0.00
Channel ¥ + Input 20000.72 0.62 0.00
Channel Y - Input -19999.63 023 0.00
Channel 2 + Input 199995.6 0.15 0.00
ChannelZ  +Input 20000.35 0.35 0.00
Channel Z - Input -20000.36 -0.96 0.00
Low Range Reading m*.r]_ Difference (uV) Error (%)
Channel X  +Input 19995 0.70 0.04
Channel X +Input 200.23 0.03 0.02
Channel X - Input -198.52 1.58 0.79
Channel Y +Input 19998 0.15 0.01
Channel Y + Input : 198.28 -1.84 -0.92
Channel ¥ - Input -200.72 -(1.62 0.31
Channel Z + Input 1999.8 0.10 0.00
Channel Z + Input 199.24 -0.86 -0.43
Channel Z = Input -200.82 -0.82 0.46
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 16.73 15.44
200 15.03 16,55
Channel Y 200 7.99 7.96
- 200 -8.76 -9.79
Channel Z 200 -0.47 -0.96
! - 200 -0.90 - -(1.68
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voitage (mV) | Channel X (uV) | Channel Y (uV) Channel Z (V)
Channel X 200 - 2.87 D12
Channel Y 200 295 - 4.72 H
Channel Z 200 0.64 117 -

Cerificate No: DAE4-1279_Junii
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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 15670 15865
Channel ¥ 18434 16415
Channel Z 15919 15447

5. Input Offset Measurement
DASY measurement parameters: Aulo Zero Time: 3 sec, Measuring time: 3 sec

Input 10ML2
Average (uV) min. Offset (uV) | max. Offset (uV) T I?:':;atlun
Channel X 0.19 -0.98 1.40 0.51
Channsel Y -0.58 -2.05 0.62 0.61
Channel Z -1.53 -3.41 0.30 0.56
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <251A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information) 1
Typical values Alarm Level (VDC)
Supply (+ Vce) +7.9
Supply (- Vee) -7.6
9. Power Consumption (Typical values for information)
Typlcal values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply (- Vee) =0.01 -8 -

Cerificate No: DAE4-1279_Juni1
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Callbration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrassa 43, 8004 Zurich, Switzardand

[ Schweizerischer Kalibrierdienst

C Bervice suisse d'étalonnage

5 Barvizio svizzero di taratura
Swiss Calibration Service

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

cient  Sporton (Auden) Centificato No: ET3-1787_May11

ICALIBRATION CERTIFICATE |

Object ET3DVE - SN:1787

Calibration procedure(s) QA CAL-01.v7, QA CAL-23.v4, QA CAL-25v3
Calibration procedure for dosimetric E-field probes

Calioration date; May 20, 2011

This calibration cerdificate documents the traceability to national standards, which raalize the physical units of measurcments (S1).
The measurements and the uncertainties with confidence probability are glven on the following pages and are part of the cerificate.

All calibrations have been conducied in tha closed laboratory facility: anvironment temperature (22 + 3)°C and humidity < 70%,

Cahbration Equipment used (METE critical for calibration)

Primary Standards IO Cal Date (Cartificates No.) Scheduled Calibration
Power meler E42138 GB41293874 31-Mar-11 (No. 217-01372) Apr-12
Power sensor E44124 MY41498087 3-Mar-11 (No. 217-01372) Apr-12
Referenca 3 dB Attenuator SN: 55054 (3c) 29-Mar-11 (No. 217-01389) Apr-12
| Raference 20 dB Attenuator SN: 35086 (20b) 28-Mar-11 (Mo, 217-01387) Apr-12
Reference 30 dB Altenuator EN; 55129 (30b) 28-Mar-11 (Ma. 217-01370) Apr-12
Reference Probe ES3DV2 SN: 3013 28-Dec-10 (No. ES3-3013 Dec10) Dec-11
DAE4 NN . SN: 654 3-May-11 (No, DAE4-E54_May11) May-12
I Secondary Standards (=] Check Date {in housa) Scheduled Check
RF generator HP 8848C US3642001700 4-Aug-99 (in house check Oct-09) In house check: Oct-11
Natwork Analyzar HP 8753E LIS37380585 : 18-0ct-11 {in house check Oct-10) In housa check: Oct-11
Mamo Function Slgnatura |
Calibrated by: Jeton Kastrail Laboratory Technician i /@/

Approved by: Katja Pokovic Technical Manager é&?ﬂ“ﬁ‘

Izsued: May 23, 2011

Thiz ealibration carificate shall not be reproduced axcopt in full withoul written approval of the laboratory.

Cerificate No: ET3-1787_May11 Fage 1of 11
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Accraditation No.: SCS 108

The Swiss Accraditation Service Is one of the signatories to the EA
Multilateral Agraament for the recognition of callbration cortificates

Glossary:

TSL tissue simulating liquid

NORMx.y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DoP dipde compression point

CF crest factor (1/duty_cycle) of the RF signal
ABC modulation dependent lineanzation parameters

Polarization o
Polarization 3

ip rotation around probe axis
% rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., % = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, “|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, Dacember 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

Methods Applied and Interpretation of Parameters:

Centificate No: ET3-1787_May11

NORMyx,y,z: Assessad for E-field polarization & = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).
NORMz,y,z are only intermediate values, i.e., the uncertaintiag of NORMx,y,z does not affect the E-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.

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

PAR: PAR is the Peak to Average Ralio that is not calibrated but determined based on the signal
characteristics

Ax,y.z; Bx,y,z; Cx y,z are numerical linearization paramelers in dB assessed based on the data of power
sweap for specific modulation signal. The parameters do not depend on frequency nor media.

VR: VR is the validity range of the calibration related to the average diode voltage or DAE voltage in my.

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 paramsters 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 carresponds
to NORMzx,y,z ™ ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvE 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
exposad by a patch antenna.

Sensar Offset: The sensor offset carresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Page 2 of 11



ET30VE — SM: 1787 May 20, 2011

Probe ET3DV6

SN:1787

Manufactured: May 28, 2003
Calibrated: May 20, 2011

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 system!)
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ET3CVGE- SN:1787

May 20, 2011

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z uUne (k=2)
Norm ( Mgu_f{mﬁ“ 1.56 1.79 2.09 +101% |
DCP (mV) 99.8 100.5 95.9
Modulation Calibration Parameters _
uio Communication System Name PAR A B c VR Unc-
dB dB dB mV (k=2)
10000 CW 000 | X 0.00 0.00 1.00 131.5 +2.0 %
E= y | 000 0.00 100 | 1050
z | oo0 0.00 1.00 114.9

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%.

A The uncertainties of NormX, Y Z do not affect the E*-field uncartainty inside TSL (see Pages 5 and 8).
& Numerical linearizalion paramater: uncertainty not regquired

E Uncertainty is daterminad using the max. dewviation from linear response applying rectangular distnbution and is expressed for the square of the

frald value.

Certificata No: ET3-1787 May11
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ETIDVE- SN:178T May 20, 2011

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.

f(MHz)® | Permittivity " {sim)* ConvFX | ConvFY | ConvFZ | Alpha | (mm) | k=2
750 41.9 0.89 6.71 6.71 8.71 0.71 1.91 +12.0 %
| 835 415 0.90 6.39 6.39 6.39 0.68 1.94 +12.0%
900 41.5 0.97 6.27 6.27 6.27 0.66 1.9 +12.0%
1450 40.5 1.20 _ 558 5.58 5.58 0.51 2.57 +12.0 %

1750 401 1.37 5.28 5.28 5.28 055 | 232 £12.0% |

1900 40.0 1.40 5.03 5.03 5.03 0.51 2.44 +12.0%
2000 40.0 1.40 5.01 5.01 5.01 0.55 224 +120%
L_ 2450 39.2 1.80 4.41 4.41 4.41 0.71 1.83 +12.0%

© Fraquency validity of £ 100 Mz only applies for DASY w44 and higher (see Page 2), else itis restricted to + 50 MHz. The uncartainty is the R33
of the ConvF uncarainty at calibration fraquency and the uncartainty for the indicatad frequency band,

F At fraquendies below 3 GHz, the validily of tissus parameters ( and @) can be refaxed to 10% if liquid compensation formula is applied to
measured SAR values, Al frequencies above 3 GHz, the validity of lssue paramaters (¢ and o) is restricted to & 5%, The uncarainty is the RES of
the ConvF uncartainty for indicatad target issuc paramatars.

Certificate No: ET3-1787_May11 Page 5 of 11



ETaDVE— SN.ATET May 20, 2011

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

Calibration Parameter Determined in Body Tissue Simulating Media

|__ . Relative | Conductivity Depth LlilT_"
f (MHz) Permittivity (S/m) ConvFX | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 6.35 6.35 6.35 0.76 1.83 +12.0%
| 835 55.2 0.97 6.22 6.22 6.22 0.67 2.02 +12.0% |
800 55.0 1.05 B.17 6.7 6.17 0.72 1.87 +12.0% |
1450 54.0 1.30 535 | 6.35 5.35 0.57 235 | +12.0%
1750 53.4 1.49 4.74 4.74 474 0.56 2.86 £120%
1900 533 1.52 4.48 4 .48 4.48 0.56 2.76 +12.0%
2000 53.3 1.52 4.50 4.50 4.50 0.60 2.47 +12.0 %
2450 52.7 1.95 3.96 386 3.96 0.99 1.18 +12.0% |

“ Frequency validity of + 100 MHz only applies for DASY v4 4 and higher (see Page 2), else i is restrictad to £ 50 MHz. The uncertainty is the RSS
of the ConvF uncartainty at calibration fraquency and the uncartainty for the indicatad frequency band

F A1 frequencies below 3 GHz, tha validity of lissua parameters {z and ) can be relaxed to + 10% if liquid compensation formula is applled to
measured SAR valuss. Al frequencies above 3 GHz, the validity of tissue paramatars (g and o) & restricted to £ 5%. The uncariainty is the RSS of
ths ConvE uncertainty for indicaled target tizsue parametars.

Certificate Mo: ET3-1787_May11 Page 6 of 11




ET3DVE- SN:1787 May 20, 2011

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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Receiving Pattern (¢), 8 =0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2})
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Dynamic Range f(SARnead)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

Certificate No: ET3-1787_May11 Page Sof 11



ET3DVE— SN.1787

May 20, 2011

Conversion Factor Assessment

{ = 1900 MHz,WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ET30VE- SHN:1787

May 20, 2011

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

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (%) Mot apm
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm |
Probe Body Diameter 10 mm

?lp Length 10 mm
Tip Diameter 6.8 mm |
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip lo Sensor Y Calibration Point 2.7 mm

“Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm |

Ceriificate No: ET3-1787_May11 Page 11 of 11
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Prirary Standarde

Power mater E44190
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Power sensor E44128
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e Calibration Certificate of DASY

Calibration Laboratory of S, Schwelzerischer Kalibrierdienst

Schmid & Partner SN=r % g Service suisse d'étalonnage
Engineering AG =t Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland "‘-4ﬁ.\‘°° S swiss Calibration Service

Acaedited by the Swiss Accreditation Senice (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 hqusd

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

oce dicde compression point

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

A B C modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (al measurement center),

l.e., 3 = 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) 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:
NORMx,y. z: Assessed for E-field polarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegu:de)
NORMZx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does nol 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 (ne uncertainty required). DCP does not depend on frequency nor media.

o Axyz Bxyz 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 anaiytical 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.

«  Sphencal 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.

Centficate No: ET3-1788_Sep10 Page 2 of 11
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aron e CalibDration Certificate of DASY

ET3DV6 SN:1788

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibrated: September 23, 2009
Recalibrated: September 21, 2010

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No. ET3.1788 Sep10 Page 3 of 11

September 21, 2010
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aron e CalibDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z [Unc (k=2)
Norm (uV/(Vim)*)* 1.76 1.69 176 | +101%
DCP (mv)® 91.6 91.0 95.1

Modulation Calibration Parameters

uiD Communication System Name PARI A B o VR Unc®
dB dBuV mV (k=2)
10000 CcwW 0.00 X 0.00 0.00 1.00{ 3000 +15%
Y 0.00! 0.00 1.00f 3000
4 0.00 000 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 uncertainties of NarmX ¥.Z do net affect #e E'.field uncertainty inside TSL (see Pagas 5 and &)
. Numencal Inearzation PRrAMERE uncertairty not requred

* Uncenainty 1s ostermined usng the maxemum deviahion from inear response applyng recatangular distnbution and s expeessed o the square of the fiald value

Centificate No ET3-1788_Sep10 Page 4 of 11
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aron e CalibDration Certificate of DASY

ET3DVE SN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Calibration Parameter Determined in Head Tissue Simulating Media

1 [MHzZ] Validity [MHz]"  Pormittivity Conductivity ConwF X ConvEY  ConwF Z Alpha  Depth Unc (k=2)
B35 £ 560/ £ 100 415+ 5% 0.90 + 5% 6.23 6.23 623 0.41 232 £ 11.0%
800 £50/£100 415+ 5% 0.57 + 5% 611 811 6.1 0.29 285 £110%
1750 £ 50 (2 100 401 £ 5% 1.37 5% 529 5.29 520 0.51 251 £11.0%
1800 £ 50/ 2100 400 + 5% 1.00 + 5% 503 5.03 503 066 225 £11.0%
2450 +50/% 100 39.2 £5% 1.80 £5% 4,35 4.35 4.35 0.99 163 £11.0%

The vaidity of £ 100 MHz oriy applies for DASY wd & and higher (s Fage ). The uncertainty is the RSS of the ConvF uncertanty at calibration frequency

and the uncartanty for the indicalad Ineguency hand

Cerlificale Mo ET3-1T88 Sepi( Page 5 af 11
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aron e CalibDration Certificate of DASY

ET3DVE SMN:1788 September 21, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1788

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity [MHz]"  Permittivity Conductivity ConwFX ConvFY  ConvF 2 Alpha Depth Une (k=2)
B35 £ 5072100 55.2 £ 5% 0.97 + 5% 5.99 5,09 508 .35 262 +11.0%
00 + 504100 56.0 £ 5% 1.05 £ 5% 6.07 6.07 6.07 032 287 £11.0%
1750 + 5074100 53.4 + 5% 1.48 £ 5% 467 4,67 467 0E1 309 +11.0%
1900 +5&0/+£100 3.3 + 5% 1.52 + 5% 4.39 4.39 4.38 033 258 +11.0%
2450 + 50100 527 £ 5% 1.95 % 5% 4.04 4.04 4.4 0,99 140 £11.0%

% The vakdity of £ 100 MHz anty appias for DAEY wd & and higher (s Page Z). The uncertainty is the RS of the GonyF uncertanty al calibration frequency

anid thie uncartainty for e indicated frsquency band

GCertficate Mo: ET3-178E_Sepld Page 6 of 11
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aron e CalibDration Certificate of DASY

ET3DV6 SN:1788

Freguency response (normalized)

06

05

Certificate No: ET3-1788_Sep10

September 21, 2010

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

—o—1EM ——Rz2

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

Page 7 of 11
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aron e CalibDration Certificate of DASY

ET3DV6 SN:1788 September 21, 2010

Receiving Pattern (¢), 9 = 0°

f =600 MHz, TEM ifi110EXX f = 1800 MHz, WG R22
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0
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cartificate No: ET3-1788_Sep10 Page Bof 11
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aron e CalibDration Certificate of DASY

ET3DV6 SN:1788

Dynamic Range f(SAR,.4)

(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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e’Calibration Certificate of DASY

SPORTON LAR.

ET3DV6 SN:1788 September 21, 2010

Conversion Factor Assessment

f =900 MHz, WGLS RS9 (head) f= 1750 MHz, WGLS R22 (head)
4.0 T T 300
il 250
30
;z 5 =200
520 gts.o
s o
E & E100
1.0 @
<
C & 50
0o t 00
0 10 20 X 40 50 60 0 10 20 0 40
z[mm) z[mm)
@ Anadytical Qe MessLremeants —0— Anaiytical O Massuremants
Deviation from Isotropy in HSL
Error (¢, 8), f= 900 MHz
@
2
®-100-060 W-000-060 MOG0-040 @-040-020 B-020-000
Q00000 WMOM04 D000 MAKCIZT BOSK100
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Centificate No: ET3-1788_Sep10 Paga 10 of 11
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aron e CalibDration Certificate of DASY

ETIDVE SN:1788 September 21, 2010

Other Probe Parameters

Sensor Arangement Triangular
Connector Angle (%) Mot applicable
Mechanical Surface Detection Mode enatbled
Optical Surface Detecton Mode dizabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mmi
Tip Length 10 mm
Tip Diameter 5.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor ¥ Calibration Point 2.7 mm
Probe Tip to Sensor £ Calibration Point 2.7 mm
Recommended Measuremeni Distance from Sudace 4 mm
Certificate No: ET3-1788_Sep1d Page 11 of 11
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SPORTON LAR.

Calibration Certificate of DASY

Calibration Laboratory of S8, Sokiveiariachar Kalibriardionat

Schmid & Partner % Service suisse d'étalonnage
Engineering AG 7 Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland B NN Swiss Calibration Service

Accrecited by the Swiss Aooreditation Sendoe (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

ciient  Sporton (Auden)

TR R

Accraditation No.: SCS 108

Certificate No: EX3-3731_Sep10

Obpect

Calibration procedure(s)

Calioration date

Calibration procedure for

EX3DV4 - SN:3731

September 20, 2010

QA CAL-01.v6, QA CAL-14.v3, QA CAL-23.v3 and QA CAL-25.v2

This calbration certificate documents the traceability to national standards, which realize the physical unils of measurements (S1).
The measurements and the uncartainties with canfidence probabilty are given on the following pages and are part of the cartificate

All calibrations have been conducted ¥ the dosed laboratary faclity. enviranmant semparature (22 = 3)°C and humidity < 70%

Cafbraton Equpment used (M&TE cntical for calbration)

Pnmary Standards D# Cal Date (Centificate No ) Scheduled Calibration

Power meter E44198 GB41263874 1-Apr-10 (No. 217.01136) Apr-11

Power sensor E44124 MY41495277 1-Apr-10 (No. 217-05136) Apr11

Pawer sansor E44 124 MY414S8087 1-Apr-10 (No. 217-01138) Apr-11

Reference 3 dB Attenualor SN S5054 (3c) 30-Mar-10 (No. 217-01159) Mar-11

Reference 20 4B Atlenuatar SN: 55085 (20b) 30-Mar-10 (No 217-01161) Mar-11

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

Reference Probe ES30VZ SN 3013 30-Dec-09 (No. ES3-3013_Dec08) Dec-10

DAE4 SN 660 20-Apr10 {(No. DAE4-660_Apri0) Apr11

Secandary Standards D Check Date (in house) - Scheduled Check

RF generatar HP BS48C US3542U01700 4-Aug-99 (in house check Oct-08) In houss check Oct-11

Network Analyzer HP 8753E US37350585 18-Oct-01 {in house check Oct-04) In house check: Oct10
Name Function Signa

Caibrated by Kaga Pokovic Technical Manager /M

Approved by Fin Bomholt RED Director Z" 3 é ; # ;

Issued Seplember 22, 2010

| This calioration cartificale shall not be reproduced except in ful without wntien approval of the labaratory

Certificate No: EX3-3731_Sep10 Page 10of 11

SPORTON INTERNATIONAL INC.



SPORTON LAR.

Calibration Certificate of DASY

Calibration Laboratory of s\-“\“"\")‘,"'",., Schwelzerischer Kalibrierdienst
Schmid & Partner % Saervice suisse ¢étalonnage
Engineering AG T Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerand %, /f;\‘\\‘,\e Swiss Callbration Service
LT A
Accredied by the Swss Accrediation Senvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditstion Service is one of the signatorias to the EA
Multilateral Agr nt for the gnition of calibration certificates

Glossary:

TSL tissue simulating hquid

NORMx,y.z sensitivity in free space

ConvF sensilivity in TSL / NORMx,y,z

DCP dicde compression point

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

ABC modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 9 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e.. 8 =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

Metho

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

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

ds Applied and Interpretation of Parameters:

NORMx.y,2: 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, |.e., the uncertainties of NORMx.y,z does not effect the E*-field
uncertainty inside TSL (see balow ConvF),

NORM(Nx,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.

Ax.y.z Bx,y.z; Cx,y.z, VRx,y.z: A, B, C are 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 fiat 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 apphied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers 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,

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

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

Certificate No: EX3-3731_Sep10 Page 2 of 11
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

Probe EX3DV4

SN:3731

Manufactured: October 19, 2009
Last calibrated: July 16, 2010
Repaired: September 8, 2010
Recalibrated: September 20, 2010

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z |Unc (k=2)
Norm (uV/(Vim)*Y* 0.51 0.53 056 |[=10.1%
DCP (mv)° 87.1 874 87.7

Modulation Calibration Parameters

uID Communication System Name PAR A B [ VR Unc®
dB dBuV mV (k=2)
10000 cw 0.00 X 0.00 000 1.00f 300 +1.5%
Y 0.00 0.00 1.00] 300
z 0.00 0.00 1.00f 300

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 uncanainties of NormX Y.Z da not atect the E-field uncerfainty inside TSL {see Pages 5 and 8)
* Numerical Inearzation perameter: uncananly not required
" Uncedainty is detamned using the maximum deviation from lines response applyng recalanguiar dsinbuton and is expressed K the square of the faid vale

Certificate No: EX3-3731_Sep10 Page 4 of 11
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Calibration Parameter Determined in Head Tissue Simulating Media

f[MHz]  Validity [MHz)°  Permittivity  Conductivity ConvEX ConvEY ComvEZ Alpha _ Depth Unc (k=2)
835 £50/+100 415 + 5% 0.90 + 5% 885 8.85 885 060 069 £11.0%
1900 +50/ 4100 40.0 £5% 140 + 5% 7.46 7.46 7.46 075 080 +11.0%
2300 +50/+100 395 = 5% 167 £ 5% 7.16 7.16 7.16 047 0.71 £11.0%
2600 +50/+100 39.0 £ 5% 1.96 + 5% 6868 688 6.88 0.31 0.95 +11.0%
3500 £50/ +100 37.9+5% 291 +5% 6.60 660 6.60 0.20 150 +13.1%
5200 +50/+100 36.0 = 5% 466 £ 5% 483 483 4.83 0.35 190 £13.1%
5300 +50/+100 350 % 5% 476 + 5% 446 4.45 445 0.38 190 +13.1%
5500 +50/ 4100 356 = 5% 4.96 = 5% 4.48 448 4.45 0.42 190 +13.1%
5600 +50/+100 35.5 = 5% 507 £ 5% 407 407 4.07 0.48 190 +13.1%
5800 +50/ 4100 353+ 5% 527 +5% 422 422 422 0.50 190 +13.1%

“ The valicity of £ 100 MHz only applies for DASY vé 4 and higher (see Page 2) The uncertainty is the RSS af the CanvF uncertainty 3t calibration fequency

and the uncertanty for the iIndcated feguency band

Certificate No: £X3-3731_Sep10 Page 50f 11
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3731

Calibration Parameter Determined in Body Tissue Simulating Media

1 [MHz] Validity [MHz]* Permittivity Conductivity ConvFX ConvFY ComwFZ Alpha Depth Unc (k=2)
835 +50/+100 552 25% 097 £5% 864 8.84 8.84 0.49 079 £11.0%
1900 +50/4100 533 5% 152 5% 713 7.13 713 0.65 066 £11.0%
2300 +50/+100 528 2 5% 1.856£5% 712 7.12 712 0.37 0.88 £11.0%
2600 +50/+100 5252 5% 216 £ 5% 685 6.85 6.85 032 097 £11.0%
3500 +50/4100 51.3 5% 331£5% 602 6.02 6.02 0.30 143 £13.1%
5200 +50/+100 490 £ 5% 530 £ 5% 387 387 3a7 060 195 £13.1%
5300 +50/ 1100 48.9 5% 542 5% 363 3.63 3863 080 195 £13.1%
5500 +50/2100 486 £ 5% 565+ 5% 344 3.44 344 0.63 195 £13.1%
5600 +50/£100 48.5 £ 5% 577 £5% 3.20 3.20 3.20 0.65 195 +13.1%
5800 t50/2100 48.2 +5% 6.00 £+ 5% 3.55 3.55 355 060 195 £13.1%

" The validity of = 100 MHz anly appiies Tor DASY w4 4 and higher (see Page 2) The uncananty s e RSS of the Comd® uncanainty at caltraton fraguency

and the uncertainty for the ndicated frequency band

Certificate No: EX3-3731_Sep10 Page6of 11
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731

Frequency response (normalized)

09
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05

Certificate No: EX3-3731_Sep10

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

0 500 1000 1500 2000 2500
f [MHz)

-@-TEM —~o—-R22

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

Page 7 of 11

September 20, 2010
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aron e CalibDration Certificate of DASY

EX3DV4 SN:3731 September 20, 2010

Receiving Pattern (¢), 9 = 0°

f = 600 MHz, TEM ifi110EXX f=1800 MHz, WG R22
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.:00‘... ....’“ .... —8— 100 MHz
g.o 2 =800 MMz
w
04 —— 1800 Mz
06 ‘ == 2500 Mz
08 I
-10
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1
Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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e’Calibration Certificate of DASY

SPOATON LAG.

EX3DV4 SN:3731 September 20, 2010

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

1LE+OB

1.E+05

1.E+04

1.E+03

Input Signal (V]

1.E+02

1.E+1

1.E<00
0.0001 0.001 0.01 0.1 1 10 100

SAR [mWicm']

—&—not compensated e compensatec

®® 000000

Q.001 .01 0 10 100

1 1
SAR [mWicm’]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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SPORTON LAR.

Calibration Certificate of DASY

EX3DV4 SN:3731

September 20, 2010

Conversion Factor Assessment

{ = 835 MHz, WGLS R9 (head)

40 50

30
z[mm]

~—@— Analytical —O—Maasursments

60

= 1900 MHz, WGLS R22 (head)

z[mm]
—o—Measwrements

—o— Analytical

Deviation from Isotropy in HSL

Error (¢, 9), f = 900 MHz

-y by R
°002£:S:
Error [dB]

W00-080 B-0B0-0F0 W-060-040 W-040-020 W.020.000
Q000020 WO2004 [O040D60 BOR0S0 WOA0-100

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

Certificate No: EX3-3731_Sep10
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SPOATON LAG.

Calibration Certificate of DASY

EX3DV4 SN:3T31

Other Probe Parameters

Septamber 20, 2010

Sensor Arrangernent Triangular
Connector Angle (%) Mol applicable
Mechanical Surface Detection Mode enabled|
COptical Surface Detection Mode drsabled'
Proba Owverall Length 33T mm
Probe Body Diameter 10 mm
Tip Lenglh 9 mm
Tip Diarmeter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Prabe Tip o Sensor Y Calibration Paint 1 mm
Prabe Tip to Sensor £ Calibration Paint 1 mm
Recommended Measurament Distance from Surface 2 mm

Cartificate No: EX3-3731_Sepid
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Calibration Laboratory of S, Schwaizerlscher Kalibrierdienst

Schmid & Partner M Service sulsse d'étalonnage
Engineering AG S Servizio svizzero di taratura
Zeughausstrassa 43, 8004 Zurich, Switzerland % ﬂ\- Swiss Calibration Service
PRl | gl

Accredited by the Swiss Accraditation Servige (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamant for the recognition of calibration cartificates

Dbject

Calibration procedure(s)

Calibraticn date:

This calibration cerificate documents the traceability to national standards, which realiza the physical units of measurements (Sl).
The measurements and the uncertaintias with confidence probability are given on the following pages and are part of the canificata.

Al calibrations have been conducted in the closad laboratory facility: envirenment temperature (22 + 3)°C and humidily = 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificale No.) Schaduled Calibralion
Power meler E44198 GE412036874 31-Mar-11 (No. 217-01372) Apr-12
Power sensor E4312A MY 41438087 31-Mar-11 {No. 217-01372) Apr-12
Referance 3 dB Attenuetor SN: $5054 (3c) 29-Mar-11 (No. 217-01369) Apr-12
Referance 20 dB Attenualor SM. 55086 (200) 28-Mar-11 (MNo. 217 -01367) Apr-12 ~
Reference 30 dB Attenuator | SN: 55129 {300) 26-Mar-11 (No. 217-01370) Apr-12
Refarence Probe ES30VZ | SN: 3013 29-Dec-10 (Mo, E53-3013_Dec10) Dec-11
DALY SN G 3-May-11 (No. DAE4-654_May11) May-12
Sccondary Standards D Chack Date (in house) Scheduled Check
RF generator HP BG48C US3542U01700 4-Aug-88 (in house check Ocl-08) In housa check: Oct-11
Network Analyzer HP 87538 | US37390585 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Signatura
Calibrated by:
-
]
Approved by:
This calibration certificata shall not be reproduced except in full without written approval of the laboratory,

Certificate No: EX3-3792_Jun11
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Calibration Laboratory of \L\%‘:}

Schmid & Fartner M

(] Schwalzerischer Kalibrlordienst
c Sarvice sulsse d'étalonnage
-]

Engineering AG T Servizlo svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’;4,,";:'1?\.}:- Swiss Calibration Service
bl ¥
Accredited by the Swiss Accreditation Sarvice (SAS) Accreditation No,; SCS 108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilataral Agreement for the recegnition of calibration certificatas

Glossary:

TSL tissue simulating liquid

NORMEx.Y.2 sansitivity in free space

Convk sensitivity in TSL / NORMx,y.z

DCP diode compression point

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

A B C modulation dependent linearization parameters

Puolarization o rotation around probe axis

Polarization % 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal ta probe axis

Calibration is Performed According to the Following Standards:

a)

b)

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization & = 0 (f < 500 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx.y.z does not affect the E*-fisld
uncertainty inside TSL (see below ConvF).

NORM(Nx,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 lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media,

PAR: PAR is the Peak to Average Ratio that s not calibrated but determined based on the signal
characteristics

Ax.y,z; Bx.y,z; Cx,y,z, VRx,y.z: A, B, C are numerical lingarization 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 Paramaters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on powar
measurements for f > 800 MHz. The same setups are used for assessment of the paramelers applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parametars 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 lo £ 100
Miz.

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

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

Cerlificate No: EX3-3792_Jun11 Page2of 11



EXIDW4 = SMN:3792 June 20, 2011

Probe EX3DV4

SN:3792

Manufactured:  April 5, 2011
Calibrated: June 20, 2011

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 systeml)
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EX3DV4- SN:ITEE June 20, 2011
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm [gﬂawmf}“ 0.64 0.54 0.54 £101%
DCP {mV} 97.9 G98.9 89.8

Modulation Calibration Parameters

ulD Communication System Name PAR A B c VR Une™
de dB dB mV (k=2) |
10000 W 0.00 | x | 0.00 000 | 100 | 1342 | £27%
Y | 0.00 0.00 100 | 1238
i zZ | 000 0.00 .00 | 1229

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 approximalely 95%.

A The uncertainties of Mo, Y. 7 do not affect the Eficid uncertainty insida TSL (see Pages 5 and &)

8 pumercal linearizetion paramater: uncerainty nol required.

E Uncartainty is determined using the max. deviation from lincar responsa applying rectangular distribution and is expressed for the squara of the
finld valua.

Certificate No: EX3-3792_Jun11 Page 4 of 11



EX30V4=— SM:3792 June 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unct.

f(MHz)¢ | Parmittivity " (Sim)* ConvF X | ConvFY | ConvFZ | Alpha | {mm) {k=2) |
835 41.5 0.90 8.93 8.93 8.93 0.80 067 | £12.0%
900 415 0.97 8.69 £.69 8.69 0.75 0.71 +12.0 %
| 1750 40.1 1.37 8.06 8.06 8.06 0.75 062 | +120%
1900 40.0 140 7.76 7.76 7.76 0.76 080 | +120%
2000 40.0 1.40 7.68 788 7.68 0.80 057 | +120%

2300 39.5 1.67 7.27 727 7.27 0.73 0.61 +12.0%
2450 39.2 1.80 6.92 6.92 6.92 0.70 062 | £120%
2600 39.0 1.96 6.85 6.85 6.85 0.62 068 | +12.0%
3500 ar.s 2.01 6.74 6.74 6.74 0.34 103 | £131%
5200 36.0 4.66 4.85 4.95 4.95 0.35 180 | £131%
5300 35.9 476 4.71 471 4.71 0.35 1.80 | +131%
5500 35.6 4.96 4.86 4.66 4.66 0.40 180 | £131%
5600 35.5 5.07 4.23 4.23 4.23 0.45 180 | £+131%
5800 35.3 5.27 4.42 442 442 | 043 | 180 | £131%

© Fraguency validity of + 100 MHz only applics for DASY v4.4 and higher (se Page 29, else it is restricted to £ 50 MHz, The uncertainty is the RSS
of the ConvF uncurtainty at calibration frequency and the uncartainty for the indicatad frequency band.

F al frequancies helow 3 GHz. the validity of tlssus paramelors (¢ and «) can be relaxed to + 10% If liquid compansation farmula is applied o
maasured SAR values. Al frequencies above 3 GHz, the validity of issue parameters (s and @) is restrictad 10 & 505, The uncortainty is tha RES of
the ConvF uncerainty far indlcated tergel issue paramatars

Cerificate Mo: EX3-3792_Jun11 Page 5 of 11



EXIDV4— SN 3792 June 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4- SN:3792

Calibration Parameter Determined Iin Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity " i8im)"* ConvEX | ConvFY | ConvFZ | Alpha | (mm) (k=2) |
§35 55.2 0.87 9.02 9.02 9.02 0.80 072 | +12.0%
900 55.0 1.05 8.91 8.91 8.91 0.80 0.71 +12.0 %
1750 53.4 1.49 7.62 7.62 7.62 0.80 069 | £120%
1900 53.3 1,52 7.17 7.7 147 0.80 064 | £120%
2000 53.3 1.52 7.15 7.15 7.15 0.80 063 | £12.0%

2300 52.9 1.81 6.90 6.90 6.90 0.80 0.61 +12.0% |
2450 52.7 1.95 6.67 6.67 6.67 0.80 059 | +£12.0%
2600 52.5 2.16 6.53 6.53 6.53 0.80 060 | +120%

3500 51.3 3.31 6.08 6.08 6.08 0.29 148 | £131% |
5200 49.0 5.30 4.22 4.22 4.22 0.50 190 | £131%

5300 48.9 5.42 3.93 3.93 3.93 0.55 190 | £131% |
5500 48.6 565 3.76 3.76 3.76 0.55 1.90 +13.1%
5600 48.5 5.77 3.53 3.53 3.53 0.60 180 | +131%

| 5800 48.2 6.00 378 | 3718 3.78 060 | 190 | £131% |

© Frequency validity of £ 100 MHz only applias for DASY v4.4 and higher (see Page 2), else il is restricted 16 + 50 MHz. The uncerlainty is the R5S
of tha CanvF uncertainty at calibration frequancy and the unceriamly for tha indicated frequency band

" At frequencies balow 3 GHz, the validity of lissue parameters (s and o} can be relaxed to £ 10% if iguid compensation farmula is applied to
measured SAR values. Al frequencies above 3 GHz, the validily of tissue parameters (¢ and o) is restricted to & 5%, The uncerdainty s the R3S of
the Canvl uncertainty lor indicated target tissue parameters.

Certificate No: EX3-3792_Junt1 Page 6 of 11



EX3DV4- S5M:3792

June 20, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequancy Response of E-field: £ 6.3% (k=2)
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EX3DV4— SMN:3792

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Iﬂ%a!z

Certificate No; EX3-3792_Jun11

Hll-

bk =]

225

Tol

f=1800 MHz,R22

a5

"=, '07, D& 04 OA
L ® & -

3

June 20, 2011

I~

1Hﬁ'ﬂtﬁ,liz

Page B of 11

[
2500 M-z




EX3Dv4- SN.3792 June 20, 2011

Dynamic Range f(SARheaq)
(TEM cell , f = 900 MHz)

Inout Signal [uV]

10 100 10 10 10 1@

SAR [mWiem3] |-
® | .| []
X compensated ¥ not compensated ¥ compensated
| . -
¥ not compensated 7 compensated Z not compensated

baphs e b

e I

Error [dB]

SAR [mW/em3) -
o * [ 2]
X compensatad X nat campansated ¥ compensated
|® | L]
Y not compensated Z compeansated Z not compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4— SN:3T792 June 20, 2011

Conversion Factor Assessment

f= 1750 MHz WGLS R22 (H_comvt) f = 900 MHz WGLS RY (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EXIDWv4- SN:3T52

June 20, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3792

Other Probe Parameters

Sensor Arrangement

Connaector Angle (")

Mechanical Surface Detection Mode

Triangular

Mol applicable

enabled

Optical Surface Detection Mode

Proba Qverall Length

Probe Body Diameter

disabled
337 mm |

10 mm

Tip Length

9 mm

Tip Diametar

Probe Tip lo Sensor X Calibration Polnt
Probe Tip to Sensor Y Calibration Point

2.5 mm

1 mm

1 mm

Probe Tip to Sensor Z Calibration Point

Recommandad Measurement Distance from Surface

Certificate No: EX3-3792_Jun11
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