Schrmid & Partner Engineering AG
e s p e a g

Zeughausstrasse 43, B004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 2459779
info@speag.com, hitpyiwww.speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

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

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

Shipping of the DAE: Before shipping the DAE to SPEAG for 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 to broken magnets in the E-stop. 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 E-stop. To prevent E-stop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

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 the 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:

Never 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:

To prevent 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 rotational 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 & Pariner Engineering

TN_BRO40315AD DAE4 doc 11.12.2008



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Client Auden Certificate No: DAE4-917_Dec14
|CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 D04 BK - SN: 917
Calibration procedura(s) QA CAL-06.v28

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: December 29, 2014

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

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 calibration)

Primary Standards ID & Cal Date {Certificate Mo.) Scheduled Calibration

Keithley Multimeter Type 2001 SM: 0810278 03-Oct-14 (No:15573) Oct-15

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 O7-Jan-14 (in house check) In house check: Jan-15

Calibrator Box V2.1 SE UMS 006 AA 1002  07-Jan-14 (in house check) In house check: Jan-15
Mame Function Signature

Calibrated by: Eric Hainfeld Technician :);"‘;Zif':*
— - —
Approved by: Fin Bomholt Deputy Technical Manager ; :
" ru[ e\ LU.LL"‘

Issued: December 29, 2014

This calibration certificate shall not be reproduced except 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
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.

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

e 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.

e 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.

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

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

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

o 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: DAE4-917_Dec14 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.193 + 0.02% (k=2) | 404.193 + 0.02% (k=2) | 404.207 £ 0.02% (k=2)
Low Range 3.98475 + 1.50% (k=2) | 4.01007 + 1.50% (k=2) | 4.00901 £ 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

330°+1°

Certificate No: DAE4-917_Dec14
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Appendix (Additional assessments outside the scope of SCS108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199992.91 -0.25 -0.00
Channel X + Input 20000.85 0.32 0.00
Channel X - Input -20000.18 0.78 -0.00
Channel Y + Input 199990.98 -1.99 -0.00
Channel Y + Input 19997.97 -2.51 -0.01
Channel Y - Input -20003.10 -2.09 0.01
Channel Z + Input 199993.02 -0.06 -0.00
Channel Z + Input 19997.19 -3.23 -0.02
Channel Z - Input -20002.85 -1.79 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.29 -0.24 -0.01
Channel X + Input 201.12 0.13 0.06
Channel X - Input -198.72 0.10 -0.05
Channel Y + Input 2000.89 0.15 0.01
Channel Y + Input 199.73 -1.32 -0.66
Channel Y - Input -199.30 -0.53 0.27
Channel Z + Input 2000.77 0.29 0.01
Channel Z + Input 199.95 -1.00 -0.50
Channel Z - Input -200.12 -1.20 0.61
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 (V) Average Reading (uV)
Channel X 200 -4.90 -6.97
- 200 7.84 6.06
Channel Y 200 5.08 4.48
- 200 -5.97 -6.52
Channel Z 200 -13.88 -14.29
- 200 11.78 12.21

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 - -1.66 -3.24
Channel Y 200 5.38 - -1.05
Channel Z 200 10.50 3.17 -

Certificate No: DAE4-917_Dec14
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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 16051 16402
Channel Y 16151 16546
Channel Z 15929 17067

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

Input 10MQ

Average (uV)

min. Offset (uV)

Std. Deviation

max. Offset (uV
(uV) (uv)
Channel X 0.30 -0.62 3.64 0.49
Channel Y -0.60 -2.28 1.76 0.67
Channel Z -0.60 -1.64 1.17 0.45

6. Input Offset Current

Nominal Input circuitry offset current on all channels: <25fA

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 (+ Vce)

+7.9

Supply (- Vcc)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)

Stand by (mA) Transmitting (mA)
Supply (+ Vcc) +0.01 +6 +14
Supply (- Vce) —-0.01 -8 -9

Certificate No: DAE4-917_Dec14
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IMPORTANT NOTICE

USAGE OF THE DAE 4

Tha DAE unil is a delicate, high precision instrument and requires careful treatment by the user, There are no
serviceable parts inside the DAE. Special altention shall be given lo tha following paints:

Battery Exchange: The battary cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE lo wear out,

Shipping of the DAE: Balore shipping the DAE to SPEAG for calibration, remove the balleries and pack tha
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or contalner which protects the
DAE frem impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside,

E-5top Failures Touch delection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of tha E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dir
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environmeant if not used for measuremants.

Repair: Minor repairs are parformed al no exira cost during the annual calibration, However, SPEAG reserves
the right to chamge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exaclt values of the DAE inpul resistances, as measurad 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 carresponding conflguration file,

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

Important Note:

Never 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:

To prevent 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 rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
dlsconnactln;_; the probe from the DAE.
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Client

CALIBRATION CERTIFICATE

Object

QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration procadura(s)

Calibration data:

July 18, 2015

Thiz callbration certificate documents the raceabilily 10 national standards, which realize the physical units of measuremants (51),
The measuremants and ithe unceraintias with conlidence probabliily ara givan on tha following pages and ara parn of the carilicala.

All callbrations have besn conducted in the closed laboratary facility; environment tamperature (22 1 3)"C and humidity = 70%.,

Calibration Equipment used (MATE eritical for calibration)

Frimary Standards 1D it Cal Data (Corilicate No.) Schaduled Calibration
Kailhley Mulimaetar Typa 2001 Sh: 0810278 03-0ct-14 (No15673) Qel-15
 Secondary Standards oe__ Chack Date (in house) Scheduled Chack

Auto DAE Calibration Unit
Callbraior Box V2.1

SE UWS 053 AA 1001 O6-Jan-15 (in house cheak)
SE UMS 006 AA 1002 06-Jan-15 (in house check)

In house chock: Jan-16
In house check: Jan-16

Mame Function Signature
Calibrated by: Eric Hainfald Tachnician T Dot
—_— d,-r.ff:a_..-r:__...-"
= B
Approved by Fin Bomhalt Daputy Technlcal Manager

TR

|esund: July 18, 2015

This calibration certificate shall not be reproduced excaept in full without writlen approval of the laboratary.
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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.

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

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

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

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

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

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.

Caortilicale No: DAE4-G68_Jul1b
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DC Voltage Measurement
A/D « Converlar Mosolution nominal

High Hanga:
Low Range:

DASY measuremant paramaters: Auta Zero Timo: 3 suc; Measuring tirmw: 3 o0

1LEH =
1L58 =

B.14Y,
ginY ,

full range =

-100...+300 mVY

full ronge = -1, +3Imy

Calibration Factors

X

Y

.ﬁz

High Range

401 822 £ 0.02% (k=2)

Low Range

396277+ 1.50% (ke2)

404.725 1 D.02% (k=2)

404.878 + 0.08% (k=2)

3.92068 + 1.50% (k=2)

2.88968 & 1.50% (k=2)

Connactor Angle

Connector Angla to be used in DASY aystem

2260°£1"

Corificatn Ne: DAFSLH8 Jul1h
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Append(x (Additional assessments outside the scopa of SC50108)

1. DC Voltage Linearity

High Range Reading (uVv) DIHgrenge (V) Etror (%)
Channel X + Input 200037.25 0.28 Q.00
Channel X + Input 2001069 - 6,'.:!1 0.3
_(;han;el X L Input B -194945.49 6.80 .;.0.03
Channal Y + lnput 200037.94 Q.67 Q.00
Channel Y + Input 20007.85 355 Q.08
Channel Y - Input 2000038 T .03 -0.03
It‘:har.l-lr.\;i"i'_“ +Input 200035.55 -3.20 ODG
Channel Z + Input 20003.55 -0.44 -0.00
Cheannel Z = Input 20006 80 0,14 Q.00
Low Rango Roading (pV) DiHeronca (pVY) Err;r?‘;’;)
Channal X + Input 2000.07 0.49 0.02
Channel X + Input 700,60 Q.30 Q.15
Channel X - Input -188.12 012 -0.08
Channel Y + Input 2000.04 -0.22 -0.01 i
Channal Y + Input 10801 0,03 044G
Charnel Y = Input 0018 -N.59 0.20
Channael Z + [mput 2000.39 L6 .01
Channel Z  +lnput 198.06 o 0.54
Chennel Z - Input =201.54 -1.89 0,95 o
2, Common mode sensitivity
DASY measurement paramaters: Auto Zaro Time: 3 sec; Moasuring time: 3 sec
Commaon mode High Range Low Range
Input Voltage (mV) Average Reading (LV) Average Reading {uV)
Channel X 200 1.16 -0.46
”-_:;'DD - 1.88 B 014
Channol ¥ 200 9.03 B.Eo
- 200 -8 -;0.33
Channal Z 200 3nz 3.90
- 200 -45.B5 ) -B.'.'-'El |

3. Channel separation

DASY measurement parametars Aule Zarg Times 3 e Mea

Input Vaitngs (mv)

Channel X (uv)

Suring timo; 3 sog

Channe! Y (p¥)

Channel Z (V)

Confficate No: DAL4-558_Jul15

Fagu d of &

e

Channal X 200 5.B3 17
Channg! Y 200 Rt 5.61
Channel Z 200 .44 8.0z -




4. AD-Converter Values with inputs shortad
DASY measuremsnt parametars: Autc Zara Tima: 3 sec; Measuring tima: 3 sec

High Range (L58) Low Range (LEH)
Channal X 16226 153-0'/ .
Channel Y 18715 16305
Eh-ar'me.'lz e N 16060 ‘ 172y

5. Input Offset Measuramant
DASY meazurement parametere: Aulp Zero Time: 3 zec; Measuring time: 3 e

Input 10ME ) L
Average {uV) min. Offset (UVY 1 max, QNset {pY) Std. ?:J;Btm"
Chantel X Q.54 .75 1.8G 0.44
Channel ¥ .63 -0.57 3o .55
Channel Z -0.R7 -1.68 (1,14 0.35
6. Input Offzet Current
Nominal Input circuttry offsat current on all channals: <2G1A
7. Input Resistance (Typical values for Information) )
Zarsing (kOhm) Meaguting (MOhm)
Channal X 200 200
Channel ¥ 200 200
Channol £ 200 200
8. Low Battary Alarm Voltage (Typicul values lor information)
Typigal valusy Alarm Level (VDC)
Supply {(+ Vco) +7.4
Zupply (- Vee) 7.8
9. Power Consumption (Typical vatuss for information) _
Typical values Switched off (mA) | Stand by {(mA) Tranzmitting (mA)_|
Supply {(+ Vcoc) +0.M 1G +14
Supply (- Veg) -0.01 -8 -3

Cenlificata Ma: DAEA-55B_Jul1s Page & of &
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|CALIBRATION CERTIFICATE |

Object

Calibration precodurala)

Calibration date:

EX30DV4 - 5N:3554

QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Seplember 24, 2014

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documaenis tha raceability 1o national slandards, which raalize the physizal unils of maasuremants (S1),
The measuremants and tha uncerainties with confidence prabability are given on the fallowing pages and are part of the cerificale.

All calibrations have been conducted in Ihe closed laboratory facility. anvironmant tampearature (22 = 3)°C and humidity < 70%

Primary Standards io Cal Date (Cerlificata No.) Scheduled Calibration

Power maltar E44 198 GE412036874 03-Apr-14 (No, 217-01811) Apr-15

Power sansor E44124 MYA1498087 D5-Apr-14 (No. 217.01811) Apr-15

Raferance 3 di Attenuator SN 58084 (30) D3-Apr-14 (No. 217-01915) Apr-15

Referance 20 dB Attlenuator SN 55277 (20x) OF-Apr-14 (No. 217-01818) Apr-15

Reference 30 dB Attenuator SN 55129 (30b) 03-Apr-14 (No. 217-01820) Apr-1f
| Relerance Probe ESIDV2 SN: 3013 30-Dec-13 (No, ES3-3013_Dec13) Dec-14

DAE4 SN BED | 13-Dec-13 {No. DAE4-G60_Deald) Dne-14 —=

Secondary Standards 1=} Check Date (in houss) Scheduled Check

RF genaralor HP BE48C US3EA2U01 700 4-Aug-89 (in hause check Apr-13) In house check: Apr-18

Natwork Analyzer HP B753E LIS37380685 18-0¢l-01 (in house check Oct-13) In house chack: Oct-14

Mama Function = Signature I

Calibraied by: Lalf Klysner Labaratory Technician W %
Approved by: Katja Pokovic Tachnical Managar

s

Issupd: Septembaer 24, 2014

This calibration certificate shall not ba reproduced exeapt in full without wrillen approval of the laboratory.

Cartificate No; EX3-3654 Sepid

Page 1 of 11



Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

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

Glossary:

TSL tissue simulating liguid

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 BC,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization S 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 3 =0is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

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

Methods Applied and Interpretation of Parameters:
e NORMYx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

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

e 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.

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.

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

o Axy.z Bxyz: Cxyz Dxyz VRxyz A B, C, D 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 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.

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

e Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: EX3-3554_Sep14 Page 2 of 11



EX3DV4 — SN:3554 September 24, 2014

Probe EX3DV4

SN:3554

Manufactured:  July 13, 2004
Calibrated: September 24, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: EX3-3554_Sep14 Page 3 of 11



EX3DV4— SN:3554 September 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3554

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)*)" 0.39 0.43 0.37 £10.1 %
DCP (mV)° 95.9 98.4 101.4

Modulation Calibration Parameters

uiD Communication System Name A B C D VR Unc"
dB dBvVuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 1339 | +38%
Y 0.0 0.0 1.0 145.1
Z 0.0 0.0 1.0 130.3

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

* The uncertainties of NormX,Y Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and ).
® Numerical linearization parameter: uncertainty not required.

£ Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:3554 September 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3554

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f (MHz) ¢ Permitti\.fityF (S/m) F ConvF X | ConvFY | ConvFZ | Alpha & (mm) (k=2)
750 41.9 0.89 8.20 8.20 8.20 0.78 0.67 +12.0 %
900 41.5 0.97 7.79 7.79 7.79 0.80 0.62 +12.0%
1750 40.1 1.37 6.90 6.90 6.90 0.57 0.67 £12.0%
1950 40.0 1.40 6.48 6.48 6.48 0.57 0.67 +12.0 %
2450 39.2 1.80 6.15 6.15 6.15 0.51 0.72 +12.0%
5200 36.0 4.66 4.80 4.80 4.80 0.35 1.80 +13.1%
5300 35.9 4.76 4.63 4.63 4.63 0.35 1.80 +13.1%
5600 35.5 5.07 4.30 4.30 4.30 0.35 1.80 +131%
5800 35.3 527 4.22 4.22 4.22 0.40 1.80 131 %

© Frequency validity above 300 MHz 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. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

" 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. 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 tissue parameters.

g Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3554 September 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3554

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 7.82 7.82 7.82 0.80 0.66 £12.0%
900 55.0 1.05 7.55 7.55 7.55 0.58 0.79 +12.0%
1750 53.4 1.49 6.56 6.56 6.56 0.79 0.64 +12.0 %
1950 53.3 1.52 6.54 6.54 6.54 0.32 0.99 +12.0%
2450 52.7 1.95 6.15 6.15 6.15 0.80 0.50 +12.0%
5200 49.0 5.30 4.02 4.02 4.02 0.40 1.90 +13.1%
5300 48.9 5.42 3.84 3.84 3.84 0.40 1.90 +13.1%
5600 48.5 577 3.42 3.42 3.42 0.45 1.90 +13.1%
5800 48.2 6.00 3.57 357 3.57 0.50 1.90 +13.1%

€ Frequency validity above 300 MHz 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. Frequency validity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to + 110 MHz.

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. 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 tissue parameters.

G Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is
always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
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EX3DV4- SN:3654 Septamber 24, 2014

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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EX3DVa- SN:3554

September 24, 2014

Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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EX30V4— 5N:3554 Saeplember 24, 2014

Dynamic Range f(SARpead)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: 1 0.6% (k=2)
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EX30V4- 5N:1554 September 24, 2014

Conversion Factor Assessment

f= 900 MHz WGLS R8 (H_convF) = 1750 MHz WGLS R22 (H_convF)
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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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EX3DV4- SN:3554

September 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3554

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -32.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3554_Sep14
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Multilateral Agresment for the recognition of calibration certificates
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Schwaelzerischer Kallbrierdianst
Service sulsss d'étalonnage
Servizio svizzero di taratura
Swisa Calibration Service

Accraditation No.: SCS 0108

Certificate No: DB35V2-4d015_ Mar15

Object

Callbration procedura(s)

Callbration data:

CALIBRATION CERTIFICATE

DB35V2 - SN:4d015

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

March 20, 2015

Calibration Equipmant usad (MATE critical far calibralion)

Notwork Analyzer HP 8753E

Callbratad by:

Appraved by:

LIS37300585 S4206

Names
Isras Elnaaug

Kalja Pokovie

This calibration certificate documents the traceability to national slandards, which realize tha physiaal units of measurements (S1),
Tha measuremaonts and the uncerainties with conlidenca probabllity ara given an tha following pages and are par of the cerlficate.

All calibrations hove been condusted in the closad laboratary facllity: anvirenmant temperature (22 + 3)°C and humidity = 70%.

18:0et-01 (in housa chack Dct-14)

Function
Labaralory Tachnlcian

Tachnlcal Manager

This calibration carificate shall not ba reproducad axcept In full without wiilten approval of the laboralory.

Primary Standards 10 W Cal Date (Certificale No,) Schadulad Callbration
Powar maier EPM-4424 GBA7AB0704 07-Oct-14 (No, 217-02020) Cel-15

Pawar sensor HF B4814A USs37262783 07-Oct-14 {No, 217-02020) Oel-156

Pawar sensor HP 84814 MY41082317 07-0ct-14 (No. 217-02021) Dct-15

Relerance 20 dB Aftenuatar 5N; 5058 (20k) 03-Apr-14 (No. 217-014918) Apr-15

Type-N mismatch combination SN; 5047.2 / 08327 03-Apr-14 (Mo. 217-01821) Apr-16

Referance Proba ES30VA SN: 3205 30-Dec-14 (No. ES3-3205_Doeal4d) Dac-15

DAE4 SN: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secondary Standards 10 # Check Date (in houso) Scheduled Chack

RF genarator R&S SMT-06 100005 04-Aulg-88 (in house check Oct-13) In housa chack: Ocl-16

In housa check: Oal-156

Signatura

/)&u&m Mcm_u.nf
P =

lssued: March 20, 2015

Cartificate No: DB36V2-4d015_Maris
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y i av i,
Calibration Laboratory of S, MR

Schmld & Eﬂn’ﬂﬂl’ =" Service suisse d'élalennage
Engineering AG i Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland % jﬁ\‘p“ Swiss Calibration Service
T
Accreditad by the Swiss Accreditalion Service (SAS) Accraditation No.: SCS 0108

The Swiss Accreditation Service Is ona of the signatories 1o the EA
Multilateral Agreemant for the recognition of ealibiration certiiicates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “|IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

= S5AR for nominal TSL parameters: The measured TSL parametars are used to calculate the
nominal SAR result.

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 approximataly 95%.

Cerlificate No: DB35V2-4d015_Mar15 Page 2of 8




Measurement Conditions

DASY system conliguration, a5 b as not given on pages 1.

DASY Versian DASYS V52,59 ]
Etmpnlaﬁun Advanced Cxtrapolalion |
Phantom Mudular Flat Fhariom
Oiztanea Dipole Center - TSL 15 rrm willh Spacer o
Zoom Scan Resolution dx, dy, dz =5 mm
Fraguency 835 MHz7 & 1 MHz ]
Head TSL parameters
Tha fullowing parametars and caleulations wera appliac,
Tomparaturs Pormittivity Conductivity
Nominal Head TSL paramebors AR0C 41,5 0,90 mho/m
Measured Head TSL paramaters (220 =02)C 40.6 ¢ & Y% 0.92 mho/m £ 5 %
Head TSL termparature ¢change during teat <05*G | e
SAR resuli with Head TSL
| SAR averaged avar 1 em? (1 ) of Hoad TSL Condition ]

SAH measured

250 mW inpul powar

2.37 Wi

SAR for nomingl Head TSL paramelors

marmalized to [W

B.28 Wikg = 17.0 % (k=2)

S5AR averaged over 10 em® {10 g) of Haad TSL

condition

SAR madasurad 250 mW input power 1.54 Wikg

SAR far nominul Head T3L paramaiors nommalizod to 1W 8.06 W/kg = 18.5 % (k=2)
Baody TSL parameters

1he tollewing parameters and caleulalions were appliod,
Tomperature Poarmittivity Conductivity

Nominal Body TSL parametere 22000 £5.2 0.97 mho/m

Mensurcd Body TSL pargmeters (22002 "C Fd0L6% 1.02 mhofm L 6 %

Body TBL temperature change during test «0.5°C —- o
SAR result with Body TSL

SAR averaged over 1 ¢m” (1 g) of Body TSL Condition

SAR meastrad 260 mW input pawar 7,43 Wikg

SAR for nominal Bagy I'SL pamunoters normalized to 1W 9,34 Wkg £17.0 % (k=2)

5AR averaged avar 10 ¢m® {10 g) of Body TSL tondition

SAR measuned 250 mW Input power 1,59 Wiky

5AR tor nominal Body I &L parametors

nodtmiized to 1W

B.16 W/kg £ 16,5 % (k=2}

Certllicate No: DB35Y2-4d015_Mar15
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Appendix (Aaditional assessments outside the scope of 5C% 01 08)

Antenna Parameters with Head TSL

Impadanca, transformend to faed point F2a9G-1.0]0
Ruturn Loas - 30,5 dB
Antenna Parameters with Body TSL
Impedance, ransformed ta foad point d8.8 3 - 2.4 jl2 _’
Halurn Loss - 30,1 g J
General Antanna Parameters and Design
LElactricaJ Dnlay (e diraction) 1.392 ns J

Aftar long rm uza with 100W radiated powar, unily a slighl warming of tha dipoln hoar the feadpaint can ba maasured,

The dipale I made of atandarg sermirigid coaxial cable, Tha center eondyetor of tha feading line is directly gorineeted to the
sacond arm of thi dipole. The antenna is therefora shorteireuited for DC-signals. On ecme of the dipoles, amall ond caps

o added to the dpalo arms in arder to improve matching when Inadad acording to the positlan us
*Mousuramant Conditlons” paragraph. The SAR data are not aftected by thig change, Tha ovarall dipale length is st

ACCOing ta the Standarg,

No axenssivo force must ha appliod to tha dipale atms, bacause they might bend or the soldared connectlons near the

faedpoint may bu damaged.

Additional EUT Data

axplainad n thi

I Manufecturad by

SIPFAG

’ Manufaciurad on

April 22, 2004

Cartificata Nor DRASVZ-4d015_Mari 5
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DASYS5 Validation Report for Head TSL

Date: 19.03.2015

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d015

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f= 835 MHz; o = 0,92 §/m; &, = 40.6; p = 1000 ke/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration;

Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2): Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 18.08.2014

Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial; 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(733 1)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 56.73 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(I g) = 2.37 W/kg; SAR(10 g) = 1.54 Wikg

Maximum value of SAR (measured) = 2.77 Wrkg

-4,80

-7.20

Az0n

0dB = 2,77 Wikg = 4.42 dBW/kg

Cerlificate No: D835V2-4d015_Mar15 Page 5 of 8




Impedance Measurement Plot for Head TSL

18 Mar 2015 16:59149

811 1 U Fs8 1152.914 ¢ =1.0098 ¢ 18876 pF 835.000 008 HHz
e
"4
W
Da 4

Ca I Il
1
\

A \- \
155 l‘..‘ -
H1d e S (e
CHZ 544 LOG _]Lw_w =28 _dB
—— 1]
Ca -“H\"‘\
P
“3
Hld
"~ START £35.000 0RO MHz STOP 1 035000 000 HHz
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DASYS5 Validation Report for Body TSL
Date: 20.03.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d015
Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: [ = 835 MHz; 6 = 1.02 $/m; £, = 54.6; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014-
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001

« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Sean (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 54.68 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 3.59 W/kg

SAR(1 g) = 2.43 W/kg; SAR(10 g) = 1.59 W/kg
Maximum value of SAR (measured) = 2.83 W/kg

-Z.40

-7.20

-12.00

0dB =2.83 W/kg =4.52 dBW/kg

Certificate No: DB35V2-4d015_Mar16 Page 7 of B



Impedance Measurement Plot for Body TSL

13 Mar 2015 17159146
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Gallbtl'atinn Laboratory of q:t“'-:"_l_:f":fa g Schweizerischer Kalibrierdienst

Schmid & Partner e Sarvice suisse d'étalonnage
Engineering AG e C Servizio avizzere di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand N S Swiss Calibration Service

Accradited by the Swiss Acoraditation Sarvica [SAS)
The Swias Accreditation Service is one of the signataries e the EA
Muitiiateral Agreement for the recognition of calibration certlficates

client ~ CCS-TW (Auden)
CALIBRATION CERTIFICATE

Aceraditation Ne.: SCS 0108

Certificate No: D1900V2-5d056_Feb15

Object D1900V2 - SN: 5d056

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibratlon procadura(s)

Calibration date;

February 18, 2015

This ealibration carificate documents tha tracaability to national standards, which realize tha phyaical unite of maasuramaents {s1).
The measuremanta and the uncerlainties with conlidance prababllity ars givan an tha following pages and are parl ol the canificala,

All calibrations have baen conducted In the closed laberatory facility: enviranment tempaerature (22 + 3)°C and humidity = 70%.

Calibration Equipment used (M&TE critical for calibration)

_Primary Slandards 1D i Cal Date {Carlificate No.) Schaduled Calibration
Powar malar EPM-4424 GRI7AR0704 07-0ct=14 (Mo, 217-02020) Cot-15

Powar sansor HP 84814 US372e27a3 07-0ct-14 (Mo, 217-02020) Oei-15

Fowar sanaor HP 84814 MY41092317 07-0at-14 (No. 217-02021) Oct-15

Aaferance 20 dB Attenuator SM: 5058 (20K) 03-Apr-14 (Mo. 217-01918) Apr-15

Type-N mismaleh combination SN: B047.2 / 06327 03-Apr-14 (Mo, 217-01921) Apr-15

Fefarence Probe ES3DV3 SN: 3206 30-Dec-14 (No, ES3-3205_Dac14) Dac-15

DAEA 5M: 601 18-Aug-14 (No. DAE4-601_Aug14) Aug-15

Secandary Standards 10 Chack Dale (in house) Schaduled Chock

AF generalor R&S SMT-06 100005 04-Aug-89 (In house check Oet-13) in house check: Oct=16
Molwork Analyzer HP 8753E US37an0585 54208 18-0ct-01 (in house check Oct-14) In house check: Oat-15

Mame Function Slgnature
Calibrated by: Michnaal Waber Laboratory Tachnlclan )
L]
Approvad by: Katja Fokovie Toechnical Managar

This calibration certificate shall nat be reproduced axcept in full withoul written approval of the laboratory,

L

lasued: February 19, 2015

Certificate No: D1900V2-5d056_Feb15
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Calibration Laboratory of e\,

: St g  Schwelzerischer Kallbrierdienst
Schmid & Partner g 5 c Service suisse d'élalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % 4ﬁ.\""‘3‘ S swiss Calibration Service
Accraditad by the Swiss Accraditation Sarvice (SAS) Accroditation No.: SCS 0108

The Swias Accroditation Service Is one of the signatories to the EA
Muitliateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in tha Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

= Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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%.

Certificate No: D1800V2-5d066_Feb1b Page2of 8



Measurement Conditions

DASY system conliguration, a5 1ar 8 nod givan on page 1,

DASY Version DARYS V52 BB
Extrapolation Advanced Extrapolation

Phantom ) i Madular Flat Phantom

Dintance Dipole Center - TSL 1C mnm wilh Spacer

Zoum Sean Resalution

dx, dy, dz =5 mm

Frequeney

1800 Mz =1 MM

Head TSL parametars

The fallowing paramatars and caloulationg were appliad.

Temparature Fermittivity Conductivity
NMominal Head TSL parametets PERTR 40.0 1.40 mha/m
Measured Head TSL parameters (e2.0« 0.8 °C 201 6 % 1.42 mhe/m £ € %
Head TSL temporatire change during teat 0,570
SAR result with Head TSL
SAR averaged over 1 6m’ (1 g) of Head TSL Conditicn
SAR maasLred 50 MW input powinr 10.2% W/ky

SAR for nominal Head TSL parameters

normelized to 1W

40,2 Wikg £17.0 % (k=2)

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

condition

SAM measured

250 m\W input power

5.147 W/kg

SAR for norminal Maad TSL parametons:

normalizad ta 1W

21,3 W/KY = 18,5 % (K=2)

Body TSL parameters
The following parameters and calculations ware applied.
Temparature Permittivity Conductivity
Neiminal Body TSL parameters 22.07C 53.3 1.2 mha/m
Meazured Body T5L parameters (22.0 £0.2)°C 21126 % 1.53 mha/m + 6 %
Body TSL temperature change during test < 0.5"C -
SAR result with Body TSL
SARA averaged aver 1 em” (1 g) of Bady TSL Candition
EAR measured 260 mW input powaer 10.0 Wikg
SAR for nominal Body TSL parameterg normalized to 1W 39.8 W/kg £ 17.0 % (k=2}
SAR averaged over 10 em? {10 g) of Body TSL conditicn
SAH massimd 250 mW Input powee 5,35 Wikg

SAR for nominal Baody TSL paramatars

normalized to 1'W

21.3 W/kp = 1658 % (k=2)

Confieato Na! D1300V2-50058 Fab16

ann anl B




Appendix (Additional assessments outside the scope of SC50108)

Antenna Parameters with Head TSL

Impedanca, transformod to foud point 52850 +6.2[0
Rsturn Loss i 23,6 dB

Antenna Parameters with Body TSL

Impedance, transtarmead o tend Loin 48.6 0 + 6.4 12

Return Loss -#3.51H

General Antenna Parameters and Design

Elaactrical Delay (one diraction) 1.204 n&

Aftar long term use with 100W radiated powaer, only a slight warming of the dipolo noar the feedpalnt can be measured,

The dipole is mody of standard semirigid ceaxlal cable. The centar conductar of the feading line is diracily connectad to tha
socond arm of the dipole, 'he antanna |8 therafore shon-circuitad for DC-gignals. On some of tha dipoles, small end caps
are addad to the dipele arms in order to improve matching whan loaded according to the position s oxpluined in tho
"Measurement Conditians" paragraph. Tha SAR data arc nal affocted by this changa, The ovetall dipzle length IS still
according to the Standard,

Me oxcossive farce must be applied ta the dipola arms, because thay might band or tha soldared connections naar the
tendpalnt may ha damagad.

Additional EUT Data

Manufaciured by SPEAG
Marutasiured on March 19, 2004

Certificats Nao: LY 1800YVE-50056_Feb15 Page 4 of &




DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d056

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; o = 1,42 8/m; & = 39.1; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard; DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: ES3DV3 - SN3205: ConvF(5, 5, 5); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18,08,2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 18.02.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 98.15 V/m; Power Drift = 0,02 dB
Peak SAR (extrapolated) = 18.8 W/kg

SAR(1 g) = 10.2 W/kg; SAR(10 g) =5.37 W/kg
Maximum value of SAR (measured) = 12.9 W/kg

-4.00

-8.00

-12.00

-16.00

=20.00

0dB=129 W/kg=11.11 dBW/kg

Cartificate No: D1900V2-5d056_Feb156 Page 5 of 8



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 18.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d056

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; o= 1.53 8/m; &, = 53.1; p= 1000 kg!m"'
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 18.08.2014
s Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Relerence Value = 95.01 V/m:; Power Drifl = 0.04 dB

Peak SAR (extrapolated) = 17.1 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) = 535 W/kg

Maximum value of SAR (measured) = 12.5 W/kg

-4.00
-8.00
<12.00

-16.00

-20.00

0dB = 12.5 W/kg = 10.97 dBW/kg

Cartificate No: D1900V2-5d066 Fahls Page 7 of 8



Impedance Measurement Plot for Body TSL
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Zeughausstrasse 43, 8004 Zurich, Switzerland

Accradited by the Swiss Accredilation Service (SAS)
The Swiss Accroditation Service Is ong of the signatories to the EA
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Schwelzerischer Kalibrierdionst
Service sulsse d'dtalonnage
Bervizio svizzero dl iaratura
Swisa Calibration Service

Aceraditation No.: SCS 0108

Certificate No: D2450V2-728 May15

|ICALIBRATION CERTIFICATE

D2450V2 - SN:728

Object

Callbration procadura(s)

Calibration date:

QA CAL-05.v9

Calibration precedure for dipole validation kits above 700 MHz

May 28, 2015

Calibration Equipment used (M&TE critieal for calibration)

This calibration certificate documents thae traceability to national standards, which realize the physieal units of measuremenis (s0.
The maasurements and the uneartainties with confidence prabability are given on the tollowing pages and are par of tha certificata,

All calibrations have bean conducted in (he closed labaratory (acility: anvironman temperalure (22 + 3)"C and humidily < 70%,

This calibration certificate shall not be reproduced axcepl in full without written approval of the labaratory.

Primary Standarcds 1D # Cal Date {Cortlficate No.,) Schadulad Calibration

Powar melor EPM=-4424 GB374B0704 07-Oct-14 (Mo, 217-02020) Ocl-16

Power sansor FHP B4B1A U5372082783 07-0ct=14 (Mo, 217-02020) Oct-15

Power sansor HP B4814A MY41082317 07-0ct-14 (Mo, 217:02021) Oct-15

Refarenca 20 dB Allenuator SN: 5058 (20k) 01-Apr-16 (Mo, 217-02131) Mar-16

Typu-N mismalch eombination BN: B047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Reference Probe ES30V3 EN: 3205 30-Dac-14 (No. ES3-3206_Doc14) Dac-16

DAEA4 SN 601 18-Aug-14 (No, DAE4-801_Augi4) Aug-15

Sacondary Standards D # Check Date (in housa) Schadulad Check

RAF genarator R&S SMT-06 100005 O4-Aug-99 (in house check Oct-13) In house chack: Ooi-16

Natwark Analyzer HP B753E US37380585 54206  18-Oct-01 (in housa check Oct-14) In housa chack: Ocl-15
Mame Function Signatura

Callbrated by: Jeton Kastratl Labaratory Technician 7 k- —

Appraved by: Katja Pokovic Tachnical Manager

Iesued: May 28, 2015

Certilicate No: D2450V2-728_May15

Page 1 of 8




Calibration Laboratory of x&:,

] F, % S Schweizerischer Kalibrierdienst
Schmid & Partner ﬂﬂ& C Service suisse d'étalonnage
Engineering AG o Servizio svizzers di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘e,;qﬁ‘\‘_\:.:“‘ S Sswiss Calibration Service
Folgy e
Accradited by the Swiss Accraditation Servics (SAS) Accreditation Ne.: SCS 0108

The Swias Accreditation Service Is one of the signatories to the EA
Multilateral Agresment for the recognition of ealibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

»  Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impadance and Return Loss: These parameters are measured with the dipale
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

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%.

Corificate No; D2450V2-728_May15 Page 2 of 8




Meazurement Conditions

DASY aystern configuration, as far as not ghven on pago 1.

DASY Verzion NASYG Vi oA
éxtmpnlaiiun Advanced Extrapolation
Fhantom M(Nimi-ir FFlat Phantomn
Diztancs Dipolo Conter - TSL 10 mm ) with Spacer
Zaom Scan Resolution dx, dy, dF =5 mm
Froqueney 2450 MHz £ 1 MHz
Head TSL paramaters
The following parametars and culuultions wera appliad.
Tﬂmp;:mturu Parmittvity Conductivity
Nominal Hoad TSL parameters 2z.0"c aa. 1.80 mho/m
| Measured Head TSL paratrioters (22.0 :--D.E) °G ATH+H% 1.94 mho/m + & %
Head TSL termperature change during‘u:m 0.5 "C - -
SAR result with Head TSL
Condition

SAR averagad over 1 em’ (1 g) of Head TSL

S5AH measurad

250 mW input powey

14.5 Wikg

SAR for nomingl Heiwd TSL parameters

normalizcd to 1W

53.0 Wrkg = 17.0 7% (k=2)

SAR averaged avar 10 em” (10 g) of Head TSL

condilian

SAH measurad

250 mW input powar

G.27 Wikg

SAR for noming| Haad TSI, pararmeters

nernalized to 1W

24.8 Wiy =165 % (k=2)

Body TSL parameters

1he 1ollowing paranwters and calculations wera applicd,

Temperature Permlitivity Conductivity
Hominal Body TSL paramotors pA0nG 527 1.95 mbdm
Measured Body TSL paramaters (2.0 £0.2)°C 50.7+6% 202 mho/m + & %
Body TSL temperature chonge during tast = 0.5
SAR result with Body TSL
SAR averaged over 1 cm? {1 gq) of Body TSL Condition
SAR measured 50 mW input power 13.1 W/kg

SAR for norninal Bady TSL parametars

normalizod to 1W

SAR averaged aver 10 em? {10 g) of Body T5L

51.0 Wikg = 17.0 % (k=2)

conditian

SAH measured

250 mW input pown

6.04 Wkg

SAR for neminal Body TSL paramatars

normallzad 1o 1V

23.8 Wikq £ 16.5 % (k=)

Certificata No: D2450V2-728_Mayi§
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, tranaformad o fued point | BH3L+ 500
Felurn Loss [ - 224 dB

L

Antenna Parametars with Body TSL

Impedance, translormed (o faad point 51,7 0} |I 7.2
RHatutin [ agss -228dB

General Antenna Parameters and Design

Elgctrical Delay {one diraction) 1.154 nr

Afwr long turm wso with 100W radiated powor, only a slight warming of the dipole rour lhe feadpoint ¢an ko medsurad,

The dipole Iz mace: of standard semirigid coaxial eable, The cantar conducter of the laading line is directly connecled to the
sacond arm of the dipole, Tha antennu is therefare shert-cleuited lor DG-signals. On 2ome of the dipoles, small end caps
o udded to the dipala arms Iy order 16 improve matching when loaded aceording to the pasition s cxplained in the
"Maagurornunt Conditiona" paragraph. Tha SAR duta are not affected hy this change. The overall digela langth is sl
agcording ta he Handerd.

No axcosslve force must be applied to the dipala armg, because they might bend or 1hp soldered connectione near the
faedpeoint may bo damaged.

Additlional EUT Data

Manufactured by SPEAG
Manufactured on January 05, 2003

Cotiticate No; RR4LOV2-728_Mayls Pago d of B



DASY5 Validation Report for Head TSL

Date: 28.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:728

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 1,84 S/m; &, = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANS] C63.19-2011)

DASYS52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.54, 4,54, 4.54); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOO0P50AA; Serial: 1001
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.0 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 p) = 6.27 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

dB

-4.00
-8.00
-12.00

-16.00

=20.00

0dB =175 W/kg =12.43 dBW/kg

Certificate No: D2450V2-728_May1s Paga 5 of 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:728

Communication System: UID 0 - CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2.03 $/m; g, = 50.7; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI €63.19-2011)

DASYS52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014:

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601:; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 28.05.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94,92 V/m; Power Drift = 0.06 dB
Peak SAR (extrapolated) = 27.4 W/ikg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.04 W/kg
Maximum value of SAR (measured) = 17.2 W/kg

e |

-12.00

-16.00

-20.00

0dB =172 W/kg = 12.36 dBW/kg

Cearificale No; D2450V2-T28_May15s Page 7 of 8



Impedance Measurement Plot for Body TSL
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