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Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zunch, Switzerland
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Servizio svizzero di taratura
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Accredited by the Swess Accreditation Service (SAS) Accreditation Ne.. SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmant for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e DC 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 too! 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.

+ 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

* [nput Offset Measurement. Output voltage and statistical resuits over a large number of
zero voltage measurements.

¢ Inpul Offset Current: Typical value for information; Maximum channel input offsel
current, not considering the input resistance.

e |nput resistance: Typical value for information: DAE Input resistance at the connector,
during internal auto-zeroing and during measurement.

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

« Power consumption: Typical value for information. Supply currents in various aperating
modes.
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DC Voltage Measurement

A/D - Converter Resolution nominal

High Range: 1LsB = B.1uV , full range = -100.. +300 mV
Low Range. 1LSE = 8inV , full range = -1 .. +3mV
DASY measurement parameters: Aulo Zero Time: 3 sec, Measurning lime. 3 sac
Calibration Factors X Y z
High Range 404,366 £ 0.1% (k=2) | 404 310+ 0.1% (k=2) 404 168 + 0.1% (k=2)
Low Range 3.99870 £ 0.7% (k=2) | 395735+ 0.7% (k=2) 3.96903 + 0.7% (k=2)
Connector Angle
Connector Angle 1o be used in DASY system 293°%+10
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200001.31 3.63 0.00
Channel X + Input 20003.03 1.95 0.01
Channel X - Input -19999.40 0.63 000
Channel ¥ + Input 200001.67 396 0.00
Channel ¥ + Input 198489.92 495 -0.00
Channel ¥ - Input -20002.00 =171 0.01
Channel Z + Input 199999.59 213 0.00
Channel Z + Input 19998.38 -2.33 -0.01
Channel Z = Input -20000.67 -0.23 0.00 |
Low Range Reading (V) Difference (pV) Error (%)
Channel X + Input 2002.42 1.05 0.05
Channel X + Input 201.78 -0.10 .05
Channel X = Input -198.09 .02 0.01
Channel ¥ + Input 2002.29 1.07 0.05
Channel Y + Input 201.72 -0.00 -0.00
Channel Y - Input -198 35 -0.09 0.08
Channeal Z + input 2002.89 1.58 0.08
Channel Z + Input 200.81 -0.86 .43
Channel Z = Input -199.74 -1.50 0.76
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 -3.02 -4 83
- 200 576 3.48
Channel Y 200 -14.73 -14.79
- 200 13.33 1335
Channel Z 200 22.85 22.48
- 200 ~26.37 -25.59
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec
Input Voltage (mV) | Channal X (uV) | Channal Y (uV) Channel Z (uV)
Channel X 200 - 3.62 -2.83
Channel Y 200 8.50 4.83
Channel Z 200 9.97 598 -
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4, AD-Converter Values with inputs shorted

DASY measuremen! parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16034 14839
Channel ¥ 15628 15515
Channel Z 15288 15751
5. Input Offset Measurement
DASY measurement parameters: Autn Zero Time: 3 sec; Measuring ime: 3 sec
Input 100
Average (pV) min. Offset (V) | max. Offset (uV) s, ?::;atlun
Channel X 0.33 -0.86 1.85 0.54
Channel Y -1 48 -2 47 1.00 0.54
Channel Z -1.66 -3.08 -0.24 0.50
6. Input Offset Current
Mominal Inpul circuitry offset currant on all channels: <2584
7. Input Resistance (Typical values for information)
Zeroing (kDhm) 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) +79
Supply (- Vco) -T.6
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
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Object DAE4 - SD 000 D04 BJ - SN: 1279

Calibration procedurefs) QA {}HL«{]E_UE:A

Calibration procedure for the data acquisition electronics (DAE)

Calibration date; May 03, 2012

This calibration certificate documents the traceability to national standards, which realize the physical units of measuremants (S()
The measuramants and the uncertames with conhidence probability are given on the fallowing pages and are part of the cerificate

All calibrations have been condustad in the closad labaratory facility. environment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment used (M&TE crifical for calibration)

Primary Standards 10# Cal Data (Caertificala Nao.) Seheduled Calibration

Kaithisy Multimatar Type 2001 SN 0810278 28-Sep-11 (Na:1 1450) Sep-12

Secondary Standards 1o Chack Date (in house) Scheduled Chack

Calibrater Box V21 SE UWS 053 AA 10071 05-Jan-12 {in house check) In house chack: Jan-13
Name Function Signatura
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Aeoredited by the Swiss Accreditation Semvice (SAS) Accreditation No.: SCS 108
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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
s DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to nalional 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 tesl and require no uncertainty.

o 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 valtage.

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

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

¢ [nput Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

s 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: DAE4-1273_May12 Page 2af 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1LSB =
1LSB =

B.uV
61nv,

full range =

full range = -1......
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring tima: 3 sec

100, .. +300 mV
+3m\y

Calibration Factors

X

Y

Z

High Range 405179 £ 0.1% (k=2) | 404.974 £0.1% (k=2) | 404.316 £ 0.1% (k=2)
Low Range 3.98658 + 0.7% (k=2) | 3.98731+0.7% (k=2) | 3.99734 £ 0.7% (k=2)
Connector Angle

Connector Angle to be Used in DASY system

BB e B
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Appendix
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Errar (%)
Channel X + Input 189991 33 -3.08 -0.00
Channel X + Input 20000 42 1.05 0.01
Channel X - Input -20000.99 0a2 -0.00
Channel Y + Input 199992 57 -2.48 -0.00
Channel Y + Input 20000.37 1.13 0.01
Channel ¥ - Input -20001.77 -0.06 0.00
Channel Z + Input 189595.61 0.39 0.00
Channel Z + Input 18999 27 0.00 0.00
Channel Z - Input -20002.85 -1.22 0.01
Low Range Reading (V) Difference (uV) Errar (%)
Channel X + Input 1989 48 -0.32 .02
Channel X + Input 200.41 0.23 011
Channel X - Input -185.28 0.50 -0.25
Channel ¥ + Input 2000.24 055 0.03
Channel ¥ + Input 200,58 0.44 0:22
Channel ¥ - Input -189.75 0.0 0.00
Channel 2 + Input 1998.83 -0.82 -0.04
Channel 2 + Input 198.55 -1.51 -0.75
Channel Z = Input -201.15 -1.30 0.65
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
I Common mode High Range Low Range
Input Voltage {mV) Average Reading (uV) Average Reading (uV)

Channel X 200 17.08 15.83

- 200 -15.68 -16.88
Channel ¥ 200 B.48 838

- 200 -8.22 -8.58
Channel Z 200 0.67 -0.:84

- 200 -0.62 -0.65

3. Channel separation
DASY measuremen! parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel ¥ {uV) Channel Z (uV)
Channel X 200 - 317 -3.15
Channel ¥ 200 7.76 3.57
Channel Z 200 898 G.44
Certificate No: DAE4-1279_May12 Page 4 ol 5




4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sac; Measuring tima: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15658 14778
Channel ¥ 16426 16731
Channel 2 15918 15544

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

input 10MQ
Average (V) | min. Offset (V) | max. Offset (uv) | S'% ?::;““““
Channel X o078 -0.81 227 0.58
Channel ¥ 0.16 -1.45 2.45 0.76
Channel 2 063 -2.21 0.54 0.54
6. Input Offset Current
Mominal Inpul circultry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zerolng (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for Information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.8
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) = Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +8 +14
Supply (- Vee) -0.01 -8 -8
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IICALIBRATION CERTIFICATE

Chject DAE4 - SD 000 D04 BJ - SN 778

Calibration procedura(s) QA CAL-08,v25

Calibration date August 27, 2012

Calibrabon Equipment used (MATE eritical for calibration)

Calibration procedure for the data acquisition slectronics (DAE)

This callbration certificate documents the traceability to national standards, which realize the physical units of measuremants (S|}
The measuremeants and the unceraintes with confidence probability are given on the following pages and are part of the certificate.

Al calibratons have been conductad in the closed labaratory faciliny: environment iemparature (22 = 31°C and humidity = 70%

This callpraton cenificate shall not ba reproduced except m full without written approval of the Isboratory

Primary Standards 0# ) Cal Date {Cerificate No.) Scheduied Calibration

Kelthley Multimeter Type 2001 Sh; 0810278 28-Sep-11 (No:11450) S5ep-12

Secondary Standards o # Check Dats (in house) Scheduled Check

Calibrator Box VZ.1 SE UWS 053 A8 1001 DS-Jan-12 {in housa chack) In house checx: Jan-13
Mame Function Signature

Calibrated by Domimigiue-Steffen Teshmcan i'i EZ

Approved by: Fin Barmhoil RAD Diteelnr
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Iszued: Auguat 27, 3012
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Calibration Laboratory of S,
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Engineering AG T Servizio svizzera di taratura
Ze A 5 s et .
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R
Acerediled by the Swiss Accreditation Sarvice [SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
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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 nomina! 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.

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

s« AD Converter Values with inpuls 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.

+ Inpul Offset Current. Typical value for information; Maximum channe! input offset
current, not considering the input resistance.

= Input resistance: Typical value for informaiion: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

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

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

Certificate No: DAE4-778 _Augi2 Page 2of 5



DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = B.1uV fullrange= -100...+300 mV
Low Range: 1LSBE= B1nV, full range = -1......+3mV
DASY measurement parametars: Auto Zero Time: 3 sec, Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404 663 + 0.1% (k=2) | 403.465 + 0.1% (k=2} 405.010 £0.1% (k=2)
Low Range 398578 + 0.7% (k=2) | 3968516 £ 0.7% (k=2} 3.99894 £ 0.7% {k=ﬂ

Connector Angle

Connector Angle 1o be used in DASY sysiem 283°%+1°

Centificate No: DAE4-T78_Aug12 Page 3of &



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference {uV) Error (%)
Channel X + Input 200000.39 2.83 0.00
Channel X + Input 20001.58 1.36 0.01
Channel X - Input -19998.48 2.54 -0
Channel Y + Input 200000.90 334 0.00
Channel ¥ + Input 20000.55 0.30 0.00
Channel ¥ = Input -19999.91 1.23 -0.01
Channel Z + Input 199989.59 1.80 0.00
Channel Z + Input 19998.55 -1.57 -0.01
Channel Z = Input -20004.33 SN 0.02
Low Range Reading (uV) Differance (uV) Error (%)
Channel X + Input 2000.71 0.06 0.00
Channel X + Input 201.15 023 0.11
Channel X - Input -198.08 0.92 -0 46
Channel ¥ + Input 2000.36 013 0.
Channel Y + Input 199.81 -0.95 049
Channel ¥ = Input -200.22 -1.21 0.61
ChannelZ  +Input 2000.89 0.54 003 |
Channel Z + Input 200.06 .72 -0.36
Channel £ - Input -199.79 .68 0.34
2. Common mode sensitivity
DASY measurement parametars: Auto Zerc Time: 3 sec; Measuring time: 3 sec
Common mode High Range i Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 4,83 -5.89
- 200 7.67 5.93
Channel Y 200 -1.85 -2.63
_-200 -0.789 £.35
Channel £ 200 843 -9.27
-200 B.42 8.08
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channal X (V) | Channel ¥ (uV) Channel Z (V)
Channel X 200 -1.46 -2.45
Channel Y 200 9.44 - 0.28
Channel Z 200 4492 6.59 -

Certificale No: DAE4-TT8_Aug12
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4, AD-Converter Values with inputs shorted

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

High Range (LSB) Low Range (LSB)
Channel X 16053 168715
Channel ¥ 16161 14601
Channel 2 16434 15429

5. Input Offset Measurement

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

Input 10M0
Average (WV) | min, Offset (V) | max. Offset (wV) | ' ?:;:'“““
Channel X 1.04 034 1.84 0.34
Channel ¥ -1.10 -2.50 0.04 0.56
Channel £ -0.63 -1.70 1.29 047
6. Input Offset Current
Nominal Input circuitry offsel current on all channels: <2514
7. Input Resistance (Typical values for Information)
Zeroing (kOhm) Measuring (MOhm)
Channal X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (*+ Vec) +7.8
Supply (- Vee) -7.8
9. Power Consumption (Typical values for information)
Typical valuas Switched off (mA) | Stand by (mA) Transmitting {(mA)
Supply (+ Vec) +0.01 +8 +14
Suppiy (- Vec) 0.0 -8 -

Certificate No: DAE4-778_Aug12
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|CALIBRATION CERTIFICATE

Object

Catlbration proceduras)

Calitwation date:

ET3DV6 - SN:1787

QA CAL-01.vB, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimeatric E-field probes

May 29, 2012

Calibration Equipmant used (METE critical lar calibration))

This calibration cenificate documants the traceabillity to national etandards, which realize the physical units of measuremanis (51),
The-measurements and the gnceralnties with confidence probability are given on the fallowing pages and are pan of the canfficale.

All cafibrations have bean conducted in the closed abaratory facility, emvimnment lemperatura (22 £ 3)°C and humidity < 70%.

This calibration cedificate shall nod be reproduced except in full withoul willen appeoval of the labomtony,

Issiied; May 20, 2012

Prirary Standards D Cal Date (Certificate No.) Schaduled Calibration —|
Pawer mster E44138 GB41293874 29-Mar-12 (No. 217-01508} Apr-13

Power sensor 44124 M4 1438087 26-Mar-12 (No. 217-01508) Apr-13

Referance 3 d8 Attanuator SN 55054 (30} 27-Mar-12 {No. 217-01531) Apr-13

Reference 20 dB Ananualor SN: SR086 {20b0) 27-Mar-12 (No. 217-0152%) Apr-13

Refarence 30 dB Aftenuator SN 55120 (30b) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ES3I0NZ SN 3013 28-Dec-11 {No. ES3-3013_Dec11) Dec-12

DAES 5N BBO 10-Jan-12 (Mo, DAE4-660_Jan132} Jan-13

Secondary Standards I} Chieck Date (in house) Scheduled Chack

RF genarator HP BB48C US3642U01700 4-Aug-98 {in house check Apr-11) In house chack: Apr-13 ]
Wetwork Analyzer HP B753E LIS37 350585 18-0et-01 (in house check Ocl-11) In housea check: Oct-12

Hame Function Slgnature s
Calibrated by; Jatan [astrail Laboratary Techniian £/ __( . ( -
_'.;-r*]t gl

Apprevad by: Fata Pukovis Technical Manager
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Calibration Laboratory of S,

4 -, Schweizerischer Kalibrierdianst
Schmid & Partner h%i g Service suisse d'étalonnage
Engineering AG = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % j’ fr:?:?"} S Bwies Callbration Sarvice
Accredited by the Swiss Accreditation Sarvice [SAS) Accreditation No.: SCS 108
The Swiss Accreditalion Service 1s ona of the signatories 1o the EA
Muitilateral Agreement for the recognition of calibration certificates
Glossary:
TSL lissue simulating liquid
NORMx.y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx v,z
pce diode compression point
CF crest factor {1/duty_cycle) of the RF signal
A.B C modulation dependant lingarization parameters
Paolar|zation ¢ ip rotation around probe axis
Polarization % & 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:

gl

b)

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

IEC 52209-1, "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:

NORMzx,y.z° Assessed for E-field polarization & = 0 (f < 800 MHz in TEM-cell; { > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, |.&., the uncertainties of NORMx.y,z does not affect the E*-field
unceranty Inslde TSL (see below ConvF).

NORM(f)x.y. 2 = NORMx, .2 " frequancy_response (see Frequency Respanse Chart). This linearization is
implemeanted 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 C\W
signal (no uncertainty required). DCP does not depend on frequency nor media.

PAR: PAR is the Peal to Average Ratio that is not calibrated bul determined based on the signal
characteristics

Axy.z Bx,y.z Cxy,2, VRxyz: A, B, C are numerical linearization parameters assessed based on the dala of
powesr sweep for specific modulation signal. The parametars do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voliage 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 f = BD0 MHz. The same setups are used for assessmenl of the parameaters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent

ConvF s used in DASY version 4.4 and higher which allows extending the validity fram + 50 MHz to £ 100
MHz.

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

Sansor Offsel; The sansor offset corresponds to the offset of vitual measurement center from the probe tip
{on probe axis). No tolerance required.
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ET3DVE - SM:1787 May 289, 2012

Probe ET3DV6

SN:1787

Manufactured:  May 28, 2003
Calibrated: May 29, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systaml)
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ET3DVE- SN.ATET

May 28, 2012

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z | Une [(k=2)
Norm (uV/(\Wim)5)* 1.61 1.67 2.16 +10.1%
DCP (mV)® 99.8 99 1 93.9 |
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc™
dB dB dB mV (k=2)
i) oW 0.00 % 0.00 0.00 100 1342 | £1.9%
¥ 0.00 0.00 1.00 141.3
Z 0.00 .00 1,00 158.6

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 uncerainties of Momx, Y 2 do not affect the E*-fisld uncertainty Inside TSL (ses Pages 5 and &)
B . X Z A

Mumerical inearization parametar; uncertainty nol reguired
! Lncertainty Is determined using the max, deviation from insar response applying rectangular distribulion and |s expressed for the squara of the

field value

Cerificate No: ET3-1787 May12
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ET3DWVE- SN:1787 May 29, 2012

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unet.

f (MHz) © Permittivity "~ {8m)~ ConvE X | ConvFY | ConvFZ | Alpha {mm}) {k=2}
750 419 0.89 6.46 6.46 6.46 0.28 2.84 +12.0%
835 415 0.90 6.12 6,12 6,12 0.31 3.00 +12.0 %
800 41.5 n.a7 5.1 5491 591 0.33 3.00 +120%
1450 40.5 1.20 540 5.40 5.40 .47 2.74 +120 %
1750 40.1 1.37 527 5.27 5.27 0.70 2.21 + 120 %
1900 A0.0 140 5.06 5.06 5.06 0.69 2.29 +12.0 %
2000 40.0 1.40 4,96 4.96 4.96 0.80 2.04 +12.0% |
2150 3.7 153 4,78 4 78 4.78 0.80 194 +12.0%
2450 39.2 1.80 431 4.31 4.31 0.80 1.66 +12.0%

k: Frequency validily of £ 100 MHz only applies for DASY v4.4 and higher (see Paga 2), edse if is restricted to £ 50 MHz. The uncerdainty is the RSS
of the ConyF uncertainty at calibration frequency and the uncerainty for the Indicated frequancy band.

" Af frequencies below 3 GHz, the validity of tissise parameters (¢ and o) can be relaxed to + 10% I lqusd compensation formida is sppied to
measwed SAR values Al frequencies above 3 GHz, the validity of tissue parameters (s and o) s restricled 1o £ 5%, The uncertainty is the RSS of
the CamvF uncertainty for indicated targst tissue parameters

Cerlificate No: ET3-1787_May12 Page 5of 11



ETADVE— SN 1787 May 29, 2012

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.
f(MHz)® | Permittivity” (Sim)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 6.20 6.20 6.20 0.30 2.70 £120%
835 55.2 0.97 6.08 6.08 6.08 ! 032 3.00 £120% |
900 55.0 1.05 6.01 6.01 6.01 043 | 228 +120%
1450 54.0 1.30 5.18 5.18 518 059 2.30 +12.0 %
1750 53.4 1.48 4.81 481 4.81 0.80 2.47 +120%
1900 533 1.52 4.58 4.58 4.58 0.80 247 +120%
2000 53.3 152 4.65 465 | 4865 0.80 2.44 +12.0 %
2150 53.1 166 4.50 4.50 450 0.80 217 +12.0 %
| 2450 52.7 | 195 4.04 4.04 4.04 067 | 135 | +12.0%

= Frequency vahidity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else il is restricted 15 £ 50 MH2. Tha uncertainty is the R55
of the ConvF uncertalnly at calibration frequency and the uncerainty for the indicated frequency band

" Al freguencies below 3 GHz, the validity of tissue parametars (¢ and =) can be relaxed 4o + 10% if lguid compensation formula is applied to
measured SAR valuss. At fraguenacies above 3 GHz, the validity of tissue paramelers (& and o) is restricted 1o £ 5%. The uncertainty is tha RSS of
tha ConvF uncerainty for indicated targel tissue paramelers

Certificate No: ET3-1787_May12 Page & of 11



ET3DVE~ SN178T May 29, 2012

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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ETADVE- SN:ATEY May 29, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ET3DVG- SN 1787 May 29, 2012

Dynamic Range f(SAR}eaq)
(TEM celi , f = 900 MHz)
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TE 103
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* e
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ﬁ 1) ! Il
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Py IR
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2 i | 4 i : -::.I SN |
163 10 100 10! 102
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] L3
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DVE- SN: 1787 May 20, 2012

Conversion Factor Assessment

=900 MHz WGLS RS (H_convF) T=1750 MHz WGLS R22 (H_convF)
ah = |
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

Deviatian
oM@
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40 -D8 -06 04 02 00 02 04 06 08 1.0
Uncaertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ETIDVE- SN:17BT

May 29, 2012

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 167
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cverall Length 337 mm |
Prabe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter &.8 mm
Proba Tip to Sensor X Calibration Point 27 mm |
Probe Tip to Sensor ¥ Calibration Point 2.7 mm
Probe Tip to Sensar Z Calibration Point 27 mm
Recommended Measurement Distance from Surface 4 mm

Certificate Mo: ET3-1787_May12 Page 11.of 11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischar Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero dl taratura
Swiss Callbration Service

Accredited oy the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
Tha Swiss Accreditation Service is one of the signatories ta the EA
Multilateral Agreemamnt for the recognition of calibration certificates

cient  Sporton-TW [Auden) Cortificate No: ES3-3270_8Sep12

|CALIBRATION CERTIFICATE |

Object ES30V3 - SN:3270

Calibration procadure(s) QA CAL-O1.v8, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

Calibration date- September 28, 2012

This calibration certificate documents the traceability to natienal standards, which reaiize the physical units of measuraments (513
The measuremeants and the uncerambies with confidence probabifity are given an he followng pages and are part of the carificals.

All calibrations have been conducted in the closaed laboratory facility. enviranment 1emperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used {MA&TE entical for calibration)

'_ Primary Standards (] | Gal Date (Certificate Na. | Scheduled Callbration

F"Mt.‘ meter E44168 | cB41203874 28-Mar-12 (No. 297-01508) . Apr-13

Power sansor E44124 | MY41428087 - 29-Mar-12 (No. 217-01508) Ape-13 i

Referance 3 di Attenualor | Sh: 55054 (3c) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 48 Adenualor Sy 35086 (20b) 27-Mar-12 (No 217-01529) _“_Aprdﬂ . :\

Reference 30 dB Aftenvator | SN: 5129 (30%) 27-Mar-12 (No. 217-01532) Apr-13
_Refarence Probe ES3I0V2 SN, 3013 29-Dec-11 (No. ES3-3013_Dacl1) Dec-12

DAE4 SN: 660 20-Jun-12 {No. DAE4-BB0_Jun12) Jur-13 —

SecondaryStandards | ID | Check Date {In houss) Scheduled Chack

RF generator HF 86480 US3642U01700 : 4-Aug-98 {in houss check Apr-11) | In house check; Apr-13
|_Metwork Analyzer HF B753E | UIS37380585 18-0ct-01 (in house check Ocl-11) | In house check: Oct-12

Name Function Sitjnatuge I
Callbratad by: Craudio Leutiar {abaratary Technician V
an
Approved by Hatih Pokovie Tochnital Managar = __;-:-';'_f"’:_--
lssued: Oclober 1, 2012
This calibration certificate shall not be reproduced axcept in full without written approval of the labaratony.
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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 Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration centificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF 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

Polarization ¢ ¢ rotation around probe axis

Polarization $ 9 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, “|EEE 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:

=  NORMXx y, z: Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E’-field
uncertainty inside TSL (see below ConvF).

s NORM(fx,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.

e 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.

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

s Axy,z Bx,y.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 freguency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

e« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to 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.

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

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

Certificate No: ES3-3270_Sep12 Page 2 of 11



ES3DV3 - SN:3270 September 28, 2012

Probe ES3DV3

SN:3270

Manufactured:  February 25, 2010
Calibrated: September 28, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 system!)
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ES30VA- SN:3270 Septembar 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Basic Calibration Parameters
|

| Sonsor X Sensor Y Sansor £ Unc (k=2)
| Norm mwgwn]}’f [ 111 1.21 1.2 +10.1%
DCP {mV) 101.7 100.7 9.1

Modulation Calibration Parameters

uiD | Communication System Name PAR | A B | C VR Unc"
. | . dB d8 | dB mV (k=2)
0 CW 000 | X | 0.00 0.00 100 | 1430 | £30%
' [ ¥ | ooo | oo0 1,00 1145 |
} 1z | ooo 000 | 100 1497

The reported uncertainty of measurement is stated as the standard uncertainty of measuremeant

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

% The uncarainties of MormX.¥,Z do not affect the E*-field uncenainty mside TSL (see Pages 5 and G).
¥ Numerical inearization parameter uncertainty nat requirad

¥ Uncertainty is detenmined using the max. deviation from linear respanse applying rectanguler distribution and Is expressed for the sguare of the
fieid value

Certificate No! ES3-3270_Sep12 Page 4 of 11



ES3DV3- SN:3270 September 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Head Tissue Simulating Media

‘ Relative Conductivity L { Depth Unct.
f(MHz)¢ | Permittivity" (sim* ConvF X | ConvF Y | ConvFZ | Alpha (mm) (k=2)
835 415 0.90 6.20 I‘ 6.20 8.20 0.41 1.53 +12.0%

|‘ 900 ! 41.5 0.97 6.12 6.12 6.12 0.24 213 +12.0%

’ 1750 40.1 1.37 5.20 5.20 5.20 0.58 1.35 £12.0%
1900 40.0 1.40 505 | 505 5.05 0.74 1.20 +12.0%
2000 40.0 1.40 5.02 L 5.02 5.02 0.76 L 1.20 +120% ‘
2450 39.2 1.80 4.45 4.45 ’ 4.45 0.77 ’ 1.307 +120% )

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty al calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (e and ¢) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3270_Sep12 Page 5 of 11



ES30V3- SN:3270 Seplember 28, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity ~ Depth Unct.
f(MHz)® | Permittivity " {Stm)" ConvF X  ConvFY ConvFZ | Alpha (mm) (k=2)
: . .
I
835 55.2 097 | 6.16 6.16 6.16 0.36 | 173 +12.0%
800 | 55.0 ! 1.05 6.10 | 8.10 6.10 048 J 161 | +120%
1750 53.4 149 4,08 4 98 4.98 0.41 1.79 +12.0%
' |
| 1800 53.3 1.52 4 .67 4.67 467 0.80 1.18 +12.0 %
} 2000 53.3 | 1.52 469 | 469 4.69 0.76 [ 129 +12.0%
‘ 2450 ‘52.7 | 1.95 417 | 447 417 | 075 | 1.08 +12.0% |

* Fraquency validity of £ 100 MHz only applies for DASY v4.4 and higher {see Page 2), else It is restncted 1o = 50 MHz. The uncerainty is the RSS
of the Comd uncertainty al calibration frequancy and the uncartainty for the indicated frequency band.

A fraquencies below 3 GHz, the validity of tissue parameters (= and &) can be relaxed ta + 108 if llquid compensation formuia s appiled 1o
measured SAR values. Al frequancies above 3 GHz, the validity of fissue paramatars (¢ and a} is restricted to + 5%. The uncertainty is the RSS of
the ConwF uncerainty for indicated target lissus parametars

— —— — = —
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ES3DV3- SN:3270 September 28, 2012

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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E33DV3-SN.3270 September 28, 2012

Receiving Pattern (¢), 9 =0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ES3DV3- SN:3270 September 28, 2012

Dynamic Range f(SARpead)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ES3IDVI- 3N:3270 Septembar 28, 2012

Conversion Factor Assessment

f= 835 MHz.WGLS R3 (H_convF) f= 1900 MHz WGLS RZ2 (H_convF)
au = =
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DVa- SN.32T70

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3270

Other Probe Parameters

Saptember 28, 2012

Sensor Arrangement Trangular
Connector Angle (*) -18.3 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode T disabled |
Probe Overall Length 337 mm

| Probe Body Diametler 10 mm Ii

' Tip Langth 10 mm |
Tip Diameter 4 mm

| Probe Tip to Sensor X Calibration Point 2 mm

“Probe Tip o Senszor Y Calibration Point 2 mm
Procbe Tip to Sensor £ Calibration Point 2 mm
Recommeanded Measurement Distance from Surface 3 mm

Certificate No: ES3-3270_Sepi2 Page 11.0f 11



Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, B004 Zunch, Switzerland

Accradiled by the Swias Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories fo the EA
Multilateral Agreament for the recognition of calibration certificates

Client Auden

Schweizenscher Kalibrigrdienst
Sarvice susse d'étalonnage
Servizio svizzero di taraturs
Swiss Calibration Service

Acereditation No.: SCS 108

Certificate No: EX3-3801_Jun12

Obgect

Catineation procedurals)

Catlbration date;

CALIBRATION CERTIFICATE

EX3DV4 - SN:3801

QA CAL-01.v8, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

June 22, 2012

Cafibration Equipmeni used (METE crifical for calibration)

This calibration cenficate documents the iraceabiliy o nabional standards, which realize the physical units of magsuremanis (50)
The measuremenia and the uncertainlies with confidence probability are gvan on the following pages and are part of fhe cerfificale

All galibrations have baen conducled i the closed isbaratony facility: environment temperalure (22 = 31°C and humidity = 70%

Primary Standards I Cal Oata (Certilicate Mo.) Scheduled Calibratson
Powar meter E44195 GBA12935874 25-Mar-12 (Mo, 217-01508) Apr-13
Pawer sensor E44124 M4 1458087 26-Mar-12 (Me. 217-01508) Apr-13
Referance 3 dB AHenuator Sh: 55054 (3c) 27 -Mar-1Z (No. 217-01531) Apr-13
Reference 20 dB Attenialos SN 55086 (20k) 27-Mar-12 (Mo, 217-015829) Apr-13
Refesence 30 dB Atenuatar S 55128 (300} 27-Mar-1Z (Mo. 217-01832) apr-13
Reference Probe ES30DV2 SH: 3013 29-Dee-11 (Mo, ES3-3013_Dec11) Diec-12
| DAE4 SN: 660 10-Jan-12 (Mo. DAES-660_Jan12) Jan-12
Secondary Standards x] Check Dale {in house) Scheduled Check
RF ganerator HP 86480 LIS3642037700 #-Aug-80 (in house check Apr-11} In house check: Apr-13
Metwork Analyzer HP 8753E LIS37300585 18-Cet-01 (in house check Gel-11) In house check; Oct-12
Mame Functian Signature
Calibrated by: Claudio Leublar Labaratary Technician 1 /Q\,
Approved by Katja Pokovic Technical Manager _

P=—

Issued: June 22, 2012

This calibrabion certficats shall not be reproduced except in full wilhout wiiiten approval of the abaratary,

Certificate Mo: EX3-3801_Jun12
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizenscher Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero d| taratura
Swiss Calibration Service

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

Glossary:

TSL lissue simulating liquid

MNORMx y.2 sensitivity in free space

ConvF sensitivity In TSL / NORMzx,y,2

LCcP diode compression point

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

A B C modulation dependent linearization parameters

Polarizatan o @ ratation around probe axis

Polarization 8 5 rotation around an axis thal is In the plane normal to probe axis (at measurement center),

i.&., & =0Isnormal to probe axis

Calibration is Performed According to the Following Standards:

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

b) |EC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices usad in close
proximity to the ear (fraquency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
s NORMxy z: Assessed for E-fisld polarization § = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz; R22 waveguide),
NORM,y,z are only intermediate values, L.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (ses below ConvF),

s NORM{fx v,z = NORMx vz * frequency_response (see Frequency Response Charl). This linearization is
implamentad in DASY4 software versions later than 4.2. The uncertainty of the frequency respanse is included
in the siated uncerainty of ConuF

= DCPxyz: DCP are numerical lineanzation parametlers 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 o Average Ratio that is not calibrated but determined based on the signal
characterislics

o Axyz Bryz Cryz VRxyz A B, Care numerical inearization parameters assessad 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 Parameatars: Assessed in flat phantom using E-hield (or Temperature Transfer
Standard for 1 < 800 MHz) and inside waveguide using analytical field distnbutions based on powsr
measuraments 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
Lsed in DASY4 software fo improve probe accuracy close o the boundary. The sensitivity in TSL corresponds
to NORMz,y,.z * ConvF whereby the uncerainty correspands 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 1o + 100
hMHz.

* Spherical isotropy (3D dewviaton 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 vidual measurement center from the probe tip
{on probe axis). Mo lolerance required.
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EX3DV4 — SN:3801 June 22, 2012

Probe EX3DVA4

SN:3801

Manufactured:  April 5, 2011
Calibrated: June 22, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SH-3801 June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Basic Calibration Parameters

Sensor X Sensor’Y Sensor Z Unc (k=2)
Norm {uV/(vimy) 0.55 060 0.54 +10.1 %
| DCP (mV)°® 98.6 101.4 102.0

Modulation Calibration Parameters

(W]1a} Communication System Mame PAR A B C VR Unc"
dB dB dB mv (k=2)
0 CW 000 | X | 000 0.00 100 | 1775 | za8%
Y (.0H) 0.00 1.00 184.0
L& | GO .00 1.00 1755

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 uncertalnties of MormX.Y,Z do not affect the E*-field uncertainty inside TSL {see Pages 5 and 6)
B Mumerical linearization parameter; uncedainty not required.

E Uncertainty is determined uszing the max. devistion from Enear response applying rectangular disldtution and is expressed for the square of thie
field value.

Cenificate Mo EX3-3801_Jun12 Page 4 of 11



EX3DV4— SN:3801 June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Paft:':i::ii:ﬁy X cc?g:-.:;i;“y ConvF X | ConvFY | ConvFZ | Alpha [{!;l:rtil; :Jl:l‘;}
750 41.9 0.89 §.09 9.08 .09 0.80 0.61 +12.0 %
835 41.5 0.90 B.71 8.71 8.71 0.42 0.82 t12.0%
00 41.5 0.7 8.68 8.68 B.6B 0.83 0.73 £12.0%
1750 401 1.37 770 __1.70 770 .35 1.02 £12.0%
1900 40.0 1.40 742 742 742 0.35 1.01 +120%
2000 40.0 1.40 7.37 7.37 737 .60 0.74 +12.0 %
2450 38.2 1.80 6.70 6.70 670 0.41 0.93 +12.0%

- Frequency validity of £ 100 MHz only 2pplies for DASY w4 4 and higher {see Page 2), else i is restricted (o = 50 MHz, The uncerainty is the RSS
of ihe ComvF uncartainty at calibration frequency and (he uncertaimly for the indicated freguency band.

F Al trequencies below 3 GHz. the validity of fissue parameters (e and o) can be retaxed 1o £ 10% I llquid compensation formulz is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of kssue parameters (& and o} is resthcted 1o £ 5%. The uncenainty s the RSS of
the ConvF uncerainty for indicated targel lissue parametars

Cerificate No: EX3-3801_Jun12 Page 5 of 11



EX3DV4- SN:3801 June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)© | Permittivity " (sim)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 9.00 9.00 9.00 0.80 0.66 +12.0 %
835 55.2 0.97 8.82 8.82 8.82 0.53 078 | £12.0%
900 55.0 1.05 8.72 8.72 8.72 0.80 061 = +120%
1750 53.4 1.49 7.50 7.50 7.50 0.77 0.68 +12.0%
1900 53.3 1.52 7.13 7.13 7.13 0.51 0.79 +12.0%
2000 [ 53.3 1.52 7.13 713 7.13 ‘ 070 | 068 +12.0 %
2450 [ 527 1.95 6.59 5.59 6.59 ‘ 080 | 0589 +12.0 %

€ Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of lissue parameters (£ and ) can be relaxed to = 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target lissue parameters.

Certificate No: EX3-3801_Jun12 Page 6 of 11



Ex3DV4— SN:38M June 22, 2012

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

(s i SPSIION, Ne— .
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Freguency respanse {normalized)
TTFT
I
e

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX30V4— SN-3801 June 22, 2012

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN:3801 June 222012

Dynamic Range f(SARcad)
(TEM cell , f= 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:3801

SAR gl
: %_1

=1 r P
(=3 E=1 o

(=]
o

=835 MHz WGLS RS (H_convF)

June 22, 2012

Conversion Factor Assessment

f= 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (p, 9), f = 900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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EX30V4- SM:3801

June 22, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3801

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) 124 4
Mechanical Surface Delection Mode enabled
Oplisal Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mim
Tip Diameter 2.5 mm
Probe Tip 1o Sensor X Calibration Poinl 1mm
Probe Tip 1o Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommendead Measureament Distance from Surface 2 mm
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Calibration Laboratory of e, Sehwaizarischer Kal brigrdienst

Schmid & Partner %& Bervice suisse détalonnage
Engineering AG g Servizio svizzero di taratura
Foughausstrasse 41, 8004 Zurich, Switzeriand - ;’T’?\\ WE Swiss Calibration Service
“ygipie®
mecredited by the Swiss Accreditation Serce {SAS) Accroditation Me.; SCS 108

The Swiss Accreditation Service is one of the signatories to tha EA
Multilateral Agreement for the recognition of talibration cerificates

ciemt  Sporton-CN {Auden) Certiticats No: EX3-3697_Sep12

|CALIBRATION CERTIFICATE |
Object EX3DV4 - SN:3687 |J
Calibration procedure(s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4 l'

Calibration procadure for dosimatric E-fisld probes |

Calibration date Saplember 28, 2012

Tnis calibration cenficate documents the iraceability to national standards, whach realize the physseal units of measuremeants (51}
The mazsurements and the uncertainties with confidence probability are given on the foficwing pages and are part of the certificate.

Al calibrations have Deen conducted in iha closed laboratary taclity envieonment temparature (£2 £ 3)°C and humidity < 70%

Calibranan Equipment used (MATE crincal for calibratioen)

—_— . =l

| Primary Standards | | Cai Date {Cenificats Mo | Seheduled Calibration
Power mater E44198 | GR41293874 28-Mar-12 (Mo, 217-01508) Ape-13
Power sensor E4412A N¥ 41498087 20-Mar-12 (No. 217-01508) Apr13

| Reference 3 dB Atlaruator SN S5054 [3c) 27-Mar-12 (No. 217-01531) Agr-13 ]

| Reterence 20 dB Attenuaton SM: 50846 (208) £7-ar-12 (No. 217-01528) Apr-13

[ Reference 30 o8 Attenuator | SN. 5129 (301) 27-Mar-12 (No. 217-01532) Apr-13

| Reference Prove ES3DV2. | SN 3013 29-Dec-11 (No. ES3-3013_Deg11) Dec-12
DAE4 Sh: B8O 20-Jun-12 (No. DAE4-B60 _Jun12) Jum-13 i
Secandary Standards D Check Dats (in housa) Scheduled Check
RF genarator HP BE4BC LIS364 2001700 4-Aug-85 (In house check Apr-11) In house check: Apr-13
Natwork Analyzer HP 875JE | S37390585 18-0ct-01 (in house check Oct-11) in house check: Oct-12

Name Function rgnﬂilh-a
Calibrated by Chindin Lawbiar Labbistory Techrécan

Issuad; Seplember 78, 2012

~.1|

Approved by Katis Polwic Teehnizal Managar

t

This calibration cortificate shall not be reproduced axcapt in full without writhan approval of the laboratory
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Calibration Laboratory of ‘\fwﬁ'.

Schwaizerscher Kalibrnerdiensi

Schmid & Partner o Service suisse d'étalnnage
Engineering AG Tt Servizio svizzero di taratura
Zeughausstrasse A3, B004 Zurich, Switzerland '5.;:,/ e Swiss Calibration Service
TN
Accredied by the Swiss Arcraaitation Sarvics [SAS) Aceregitamtion Ne.: SCS 108

The Swiss Accreditation Service i3 one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

CanvF sensitivity in TSL / NORMx, y.z

oCF dinde compression point

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

A B C maodulation dependent |inearzation parameters

Polarization g o rofation argund probe axis

Polarization & & rotation around an axis that Is In the plane normal o probe axis (at measurement center),

le., % =0 i normal o probe axis

Calibration is Performed According to the Following Standards:

a)

b

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: Measurament
Technigues”, December 2003

IEC 62208-1, "Procedure to measure the Specific Absorphion Rate [SAR) for hand-held devices used in close
proximity to the ear (frequancy range of 300 MHz to 3 GHz)", February 2005

Mathods Applied and Interpretation of Parameters:

NORMx,y.z: Assessed for E-field polanzation % =0 (f =900 MHz in TEM-cell, f > 1800 MHz: R22 waveguu:ie}
NORMx,y.z are only intermediate values, | 6., the uncertamties of NORMx.y.z does not affect the E*-field
uncertainty Inside TSL (see below GonvF).

NORM(x y.z = NORMx, .z * frequency_response |see Fraquency Response Chart). This linearzation is
mplemented in DASY4 software versions later than 4.2, The uncertainty of the freguency response is mcluded
in the stated uncertainty of Convi.

DCPx, y.z: DCP are numerical |ineanzation parameters assessed based on the data of power sweep with CW
signal {no uncerainty required) DCP does not depend on frequency nor media

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

Az Bxy.z, Cxy.z, VRx v,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 calipration 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
measuraments for f = 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compeansation (alpha, depth) of which typical uncerainty values are given. These parameters are
Lsed in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx. .z * ConvF whereby the uncertainly corresponds to that given for Convf, A frequency dependeant
ComvF is used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to £ 100
hHz,

Spherical isotropy (3D deviation from isafropy): In a field of low gradients realized using a flal phantom
exposed by 2 patch antenna.

Sensor Offset: The sensor offset corresponds 1o the offset of vilual measurement center from the probe tip
(on probe axis). No tolerance required

Centificate MNo: EX3-36897_Sep12 Pags 2 of 1



EX3Dwv4 — SN 3697 September 28, 2012

Probe EX3DV4

SN:3697

Manufactured:  April 22, 2009
Calibrated: September 28, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASYZ2 system!)
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ExX3DV4— 5N 3687 Seplembear 28, 2012
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Basic Calibration Parameters

Sensor X | Sensor Y Sensor Z Ung (k=2}
| Norm (uVi(Vim)') 047 i g.47 T 052 £10.1 %
DCP (mV)" 9%.1 | 929 ' 98.4

Modulation Calibration Parameters

UiD [ Communication System Name PAR ‘ I A B | C VR Unc®
' gm d8 | dB mV (le=2)
0 oW 000 | X | 000 | 000 | 100 | 1540 | #35%
Y | 000 | 000 | 100 | 1547 |
. z| ooo 000 | 100 | 1575 )

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 uncenainties of Mormi,Y.Z do not atect the E™-feld uncenalnty nede TSL (see Pages 5and 6)

* Mumerical linearization paramster: uncertainty not requirsd

 Unceriainty & determined weing the max. daviabon fram fneas response apphying rectangular distnbution and & expressed for the sguae of the
field value.

Centificate No: EX3-3607_Sep12 Page 4 of 11



EX30V4— SN.3697 Seplember 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative | Conductivity | 1 | Depth Unct.
f(MHz)© | Permittivity (Sim)" | ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 419 0gs | £.98 898 898 | 0.18 141 | $120%
835 415 090 | 864 8.64 8 64 034 | 085 | +120% |
| 8oo0 | 415 0.97 ass | 868 £.66 053 | 089 | £120%
[ 1450 405 1.20 B.19 B18 | B19 016 | 183 +12.0 %
L 1750 | 401 1.37 7.70 770 | ‘770 0.60 0 69 [ +12.0 %
| 1900 1 40.0 140 | 743 7.43 | 7.43 0.51 074 | +12.0%
_- 2000 |__ 40.0 140 |] 7.36 | 7.36 | 736 | 063 | 066 | £120% |
2300 39.5 167 £.93 £.93 693 | 034 | 091 | #120%
2450 392 | 180 | 658 | 65 | 658 | 028 | 101 | #120%
2600 | 390 1.96 6.42 642 _| 642 | 040 | 081 | +120%
5200 36.0 | 4,66 486 | 486 4.86 | 030 | 180 | £131%
5500 35.6 | 496 4.60 460 | 460 030 | 180 | £131%
5600 35.5 | 5.07 425 | 425 4.25 035 | 180 | +131%
5800 353 | 527 | 428 428 | 428 0.45 | 180 | 2131%

£ Frequency validity of £ 100 MHzZ only applies for DASY wi.4 and higher (see Page 2, elss il is restrictad 1o + 50 MHz. The uncerainty is the RSS
of the ConvF uncaenainty &t calibration frequency amd the uncerainty for the indicated frequensy band.

F At frequencies balow 3 GHz, the validity of tissue parameters (¢ and o) can ba relaxed to = 10% if guid compensation {ormuda is appéed 10
measured SAR values. At frequencies above 3 GHz, the validity of lissue parameters {2 and o) is restncted 1o 4 5%, The uncertainty is tha RSS of
the ConvF uncartainty for indicated targat tissus paramatars.

Cerificate No! EX3-3657_Sep12 Page Sof 11



EX3DV4- SMN3697 September 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Calibration Parameter Determined in Body Tissue Simulating Media

__f(MHz) " p.i:ﬂ;fw* cn?g:::;iw | _ConvF X_| ConvF Y |= ConvF Z | Alpha ?::;? | ?l:‘r-'clti
750 555 0.96 8.86 8.86 | 8.86 049 | 078 | +120%

| 835 | 552 | oer 3 65 865 | 865 030 | 108 | s120%
900 l 55.0 105 | 857 8.57 | 857 l 033 | 101 | $120%
1450 54.0 1.3@____' 7.80 7 80 7 B0 018 | 180 | £120%
1750 53.4 149 | 7.26 7.26 7.26 0.46 0.79 | +12.0 %
1900 53.3 152 696 | 696 6.06 0.40 | 0.83 + 120 %
2000 53.3 1.52 710 7.10 7.10 0.33 0.90 +12.0 %
2300 52.9 1.81 .76 6.76 B.76 | 054 0.72 £ 12.0 %
2450 52.7 195 | 657 d.l 6.57 657 | 075 057 | £120%
2600 52.5 216 6.40 640 | 640 080 | 0856 | £120% |
5200 49.0 5.30 429 4.29 429 040 | 190 | *131% |
5500 48.6 565 391 | 39 391 0.40 190 | +13.1% |
5600 48.5 577 3.75 3.75 375 0.40 .| 1.90 | +13.1%
5800 48.2 | 6.00 4.06 4.06 4,08 0.50 1 1.90 +131% |

i Frequency validny of £ 100 MHz only applias for DASY vwd 4 and higher (see Page 2), else it 15 restncted to £ 50 MHz. The uncenainty s the RSS
of the ConvF uncenaimnty ai calibration frequency and the uncartainty for the indicated frequency band.

* atfrequencies below 3 GHz. the validity of issue parameters (r and o) can be relased to + 10% if bquid compensation formula s appied to
measured SAR values At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%, The uncertainty is the R3S of
the ConwF uncerainty far indigated terget tissue parameters.
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EX3DV4— SN:3697 September 28, 2012

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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EX30V4- SN389T

Tt

Receiving Pattern (¢), 3 = 0°

September 28, 2012
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Uncertainty of Axial |sotropy Assessment: £ 0.5% (k=2)
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EX3IDV4- SN 3637 September 28, 2012

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

Input Signal [uv]

1073 1ICI‘= 10 108 1m 102
SAR [mW/cm3] B
| ]

not nurn-punntnd compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4- SN:3857 September 28, 2012

Conversion Factor Assessment

f = 835 MHz WGLS RS (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f=900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30v4- SN 3807

Saplember 28, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3697

Other Probe Parameters

| Sensor Arrangement Triangular

| Connector Angle () -Q‘iTJ]
Mechanical Surface Detection Moda enabled

| Optical Surface Detection Mede disabled |
Probe Overall Length 337 mm

[Probe Body Diametar Tomm

| Tip Length g mm

- Tip Diamgter 2.5 mm

[Probe Tip to Sensor X Calibration Point Tmm

' Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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