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Calibration Laboratory of A, Behwekisctbcter
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Schmid & Partner % g Service suisse ditalannage
Engineering AG 2 & g Servisio svizzero di taratura
Zoughaussirasss 43, 8004 Zurich, Switodand M"ﬁ?‘\:‘;}?‘ Swiss Callbration Sarvice
Aocredited by the Swiss Accredtilion Servios (SAS) Accroditation Mo.: SCS 108
The Swiss Accreditation Sorvice is ane of the signatories o the EA
Multiisteral Agreemant for the recognition of ealibration cortificates
ciient  SGS (Dymstec) Cortificate No: EX3-3862_Jan14
|CALIBRATIDN CERTIFICATE
— —
Object EX3DV4 - SN.3862
Cafibeation procadure|s) QA CAL-01.vE, QA CAL-14.v4, QA CAL-23v5, QA CAL-25.v6
Calibration procedure for dosimetric E-field probes
Calibraticn date: January 29, 2014
This cafibeation cenificate documents the traceabidity b national standards, which malkze the physical uls of measuroments (51)
The measuromants and the uncernintias with cordidence prabability are ghven on the foliowing pages and e part of the cartificals,
All calibrations have bean conducted in the closed laboratory facility, emaanmant tempermture (22 £ 3)°C and humidty < 7%,
Cabtation Equipment used (MATE critcal for calibration)
Arenary Standards [ Cal Dats (Certificatn No.) Scheduied Callraton ]
Poweer renlee Edd 108 GA4 1793874 O fipr-13 (Mo, 247-01733) Aptti
Pownr sansor E44124 MY 41408087 D4-Apr-13 Mo, 217-01733) Aga-14
_Rederonce 3 dB ARanuator SN, 35054 (3c) Oo-Apr-13 (Mo, 217-01737) Ape-14
Redarence 20 ¢B All SN: S5217 [20n) [d-Agr-13 (No, 217-01735) Ape1d
Referance 30 dB At SN: 55129 [300) Dd-Agr-13 [Wo, 217-01736) Apei1d
| Roforence Probe ES30VZ | K- 3013 | 30-Duc-13 (No. ES3-3013_Dactd) Dec-14
| DAE4 Sh: 850 13-Doc-13 (Mo. DAS4-880_Decid) Dec-14
Secondary Standards D Chiock Dinta [in housa) Schedulad Chack
RF genarator HF BE46C US3E4ZU01700 £-Aug 59 (in house check Agr-13) in house check: Apr-16
|_Matwork Analyzer HP BTSIE | USI7I008858 18-Oct-01 {in hewse check Ocl-13) In houss chack: Oct-14
Mame Funcion s
Calibaied by; Clauga Leubler Laboratory Technicinn i ]h
Approved by: Katja Piuvic Tochacal Manager ﬁ ﬁ%
Issued: January 30, 2014
This calbrstion certificale shall not be reproduced except in full withoe! wiitien appnoval of the isborbony
Cartificate Mo: EX3-3862_Jan14 Page 1of 11
Report File No:  F690501/RF-SAR002179-Al Date of Issue:  2014-05-23




SGS Korea Co., Ltd.
4, LS-ro 182beon-gil, Gunpo-si, Gyeonggi-do, 435-040
Tel. 031-428-5700 / Fax. 031-427-2371

http://iwww.sgsgroup.kr Page: 99/186

Calib(ation Laboratory of \\:\:g/;,’ _— Kallbl
Schmid & Partner M 1!‘. Service suisse d'étalonnage

Engineering AG T3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ?,;‘x//’;—‘\'\;\\‘\? 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
Muitilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DCP dicde compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,CD modulation dependent linearization parameters
Polarization o ¢ rotation around probe axis
Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

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
Technigues”, 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:

o NORMx,y,z: Assessed for E-field polarization 9 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMzx,y,z does not affect the Efield
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.

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

s Axy.z Bxy,z; Cxy,z; Dx,y,z; VRx,y,z: 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.

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

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

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

¢ Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 — 5N;3862 January 29, 2014

Probe EX3DV4

SN:3862

Manufactured:  February 2, 2012
Calibrated: January 29, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3862 January 29, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (uV/(V/m)*)* 0.43 0.44 0.37 +101% |
DCP (mV)® 108.2 99.9 104.9 |
Modulation Calibration Parameters
[UID Communication System Name A B c D VR Unct
dB dBvuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1522 | +33%
Y 0.0 0.0 1.0 154.0
z 0.0 0.0 1.0 191.1

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 MormX, .2 do not affect the E’-field uncertainty inside TSL (see Pages 5 and 6).
® 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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Report File No :

EX3DV4- SN:3862

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Head Tissue Simulating Media

January 29, 2014

Relative Conductivity Depth ® Unct.

f(MHz)® | Permittivity" |  (S/m)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 41.5 0.90 9.76 9.76 9.76 0.16 1.67 +12.0 %
900 41.5 0.97 9.63 9.63 9.63 0.31 0.93 +12.0%
1750 40.1 1.37 8.37 8.37 8.37 0.80 0.56 +12.0%
1900 40.0 1.40 8.15 8.15 8.15 0.51 0.72 +12.0%
2300 39.5 1.67 7.69 7.69 7.69 0.30 0.92 +12.0%
2450 39.2 1.80 7.24 7.24 7.24 0.32 0.85 +12.0%
5200 36.0 4.66 4.89 4.89 4.89 0.31 1.80 +13.1 %
5300 35.9 4.76 4.77 4.77 4.77 0.31 1.80 +13.1%
5500 35.6 4.96 4.72 4.72 4.72 0.32 1.80 +131 %
5600 35.5 5.07 4.59 4.59 4.59 0.30 1.80 +13.1%
5800 35.3 5.27 4.25 4.25 4.25 0.35 1.80 +131%

© Frequency validity of + 100 MHz anly 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.
" At frequencies below 3 GHz, the validity of tissua parameters (= and o) can be refaxed to + 10% if liquid compensation formula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and &) is restricled to + 5%, The uncertainty is the RSS of
the CenvF uncertainty for indicated target tissue parameters.
© AlphafDepth are determined during calibration, SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always lass 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:3862 January 29, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity" (Sim) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 9.52 9.52 9.52 0.31 1.06 +12.0%
1750 53.4 1.49 8.09 8.09 8.09 0.54 0.71 +12.0%
1900 53.3 1.52 7.63 7.63 7.63 0.25 1.04 +12.0%
2450 52.7 1.95 7.17 717 7.17 0.80 0.50 +12.0 %
5200 49.0 5.30 4.46 4.46 4.46 0.35 1.90 +13.1%
5300 48.9 5.42 4.21 4.21 4.21 0.38 1.90 +13.1%
5500 48.6 5.65 4.04 4.04 4.04 0.38 1.90 £13.1%
5600 48.5 5.77 4.06 4.06 4.06 0.32 1.90 +13.1 %
5800 48.2 6.00 4.08 4.08 4.08 0.44 1.90 +13.1%

© 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,

" Al frequencies below 3 GHz, the validity of tissue parameters (e 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 p ters (2 and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue paramaters,

& 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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EX30V4- SN-3062 January 29, 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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EX30V4- EM:3862 January 23, 2014
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DW4- SM:3862 January 28, 2014
Dynamic Range f(SARpaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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EX3DV4- SN3B62 January 29, 2014

Conversion Factor Assessment

1= 500 MHz, WGLS RS (H_comF) 1= 1750 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessmaent: + 2.6% (k=2)
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EX3DV4— SN:3862 January 29, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Other Probe Parameters

Sensor Arrangement Triangular
Caonnector Angle (°) -70.6
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 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
Certificate No: EX3-3862_Jan14 Page 11 of 11
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Appendix C.1 Calibration certificate for Probe_SN 3972
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3972
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Appendix C.2 Calibration certificate for DAE S/N 1340

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzerland

Sehweizerischer Kallbrierdanst
Service sulsse d'dtslonnage
Sarvizio svizzera di taratura
Swiss Calibration Service

Accrediied by the Swiss Accroditation Servica (SAS) Accraditation Me.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  SGS (Dymstec) Cartificate No: DAE4-1340_May13
ICALIBRATION CERTIFICATE

ijw DAE4 - SD 000 D04 BJ - SN 1340

Calibration procedurs]s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 28, 2013

This calibration certilicale documents e iraceability lo naonal standards, which reafize the physical units of maasurements (51,
Thie measurements and the uncerainlies with confidence probability are given an tha following pages and ar part of the cenificals.

All calibrations have been conducted in the dosed laboraiony facility: environman iemperatune (22 2 35°C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

| Primary Standasds o Cal Date (Certificate No.) Schoculed Calibration
Haithley Mulimater Type 3001 SM: ca10278 02-0ct-12 (Mo 12728) Oei-13
Secohdary Standards ID# Chick Dale (in housa) Scheduled Chisck
Auto DAE Calibraion Uinit SE LIWS (53 AA 1001 07-Jan-13 {in house check) In house check: Jan-14
Calibrator Bax V2.1 SE UMS 008 AA 1002 07-Jan-13 {in house chack) In house chock: Jan-14
Mama Funclion Signatura
| Catibrated by: Eric Haindeid Technician el
Approved by: Fin Bomhoh Deputy Techrical Manager f
i M\ QLLLLUJ

Isswod; May 28, 2013

This cadibration certificabe shall not be regroduced axcepl in full withouwt witlen aporoval of the ksbarasory.

Cenificate No: DAE4-1340_May13 Page 1ol 5
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Calibration Laboratow of Q&‘w’@ G  Schweizerischer Kalibrierdienst
Schmid & Partner iﬁfé c Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {'/,, !}/—f_‘\:\\\:\? S swiss calibration Service
(A
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108

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

Glossary

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e DC 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: \erification 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,

= 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

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

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

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

o 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: DAE4-1340_May13 Page 2 of 5
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DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LSB = B.1uV, full range = -100...+300 mV
Low Range: 1LSB = B61inV , fullrange= -1......43mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.549 + 0.02% (k=2) | 404.470 £ 0.02% (k=2) | 404.562 + 0.02% (k=2)
Low Range 3.98550 + 1.50% (k=2) | 3.96123 + 1.50% (k=2) | 4.01505 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 256.0°x1°

Certificate No: DAE4-1340_May13 Page 3 of 5
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199998.32 243 0.00
Channel X + Input 20002.47 2.03 0.01
Channel X - Input -19998.98 203 -0.01
Channel Y + Input 199997.70 1.83 0.00
Channel Y + Input 19998.45 -1.90 -0.01
Channel Y = Input -20002.56 -1.52 0.01
Channel Z + Input 199999.09 3.10 0.00
Channel Z + Input 19998.93 -1.37 -0.01
Channel Z - Input -20004.14 -3.09 0.02
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2002.29 1.58 0.08
Channel X + Input 201.78 0.64 0.32
Channel X = Input -198.30 0.48 -0.24
Channel Y + Input 2001.37 0.65 0.03
Channel Y + Input 200.79 -0.20 -0.10
Channel Y = Input -199.15 -0.30 0.15
Channel Z + Input 2001.45 0.74 0.04
Channel Z + Input 199.68 -1.47 -0.73
Channel Z - Input -200.11 -1.24 0.63

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 (pV) Average Reading (uV)
Channel X 200 2.10 0.13
-200 1.92 -0.25
Channel Y 200 -13,32 -13.31
-200 12.50 12.53
Channel Z 200 -11,10 -11.03
-200 8.58 8.38

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 (V)
Channel X 200 - 0.45 -3.45
Channel Y 200 6.42 - 0.38
Channel Z 200 10.51 am -
Certificate No: DAE4-1340_May13 Page 4 of §
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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 15826 16920
Channel Y 16272 15667
Channel Z 16043 16075

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

Input 10MO
Average (uV) min. Offset (u1V) | max. Offset (uV) Sal. Itn:‘\;;at!on
Channel X -0.72 177 0.73 0.38
Channel Y -1.29 -3.22 -0.26 0.36
Channel Z -2.15 -3.00 -1.17 0.39
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 (+ Vee) +7.9
Supply (- Vec) -7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vec) -0.01 -8 -8
Certificate No: DAE4-1340_May13 Page 5 of 5
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Appendix C.2 Calibration certificate for DAE S/N 614

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrassa 43, B004 Zurich, Switreriand

G Schwsizerischer Kalibnerdienst
Barvice sulsse dktnlonnage
Sarvizhs avizrsns di laraturs

S swiss Calibration Service

Accredited by the Swiss Accreditnson Senvice (SAS) Agcreditation No.: SCS 108
Thae Swiss Accreditation Service is one of the signatories 1o the EA
Mubtilsteral Agresment for the recognition of calibration certificates

cient  Dymstec Certificat No: DAE4-614_Sep13
|CALIBRATION CERTIFICATE

| Gbject DAE4 - SD 000 D04 BM - SN: 614

Calibration procedursls ) QA CAL-DB w28

Caiibration dals September 20, 2013

This calibradon certificate documents the raceabiity ko national standards, which roakze the physical units af meanutements {51)
Thi measurements and the uncernasniies wim conlidance probatdity am grean on the foliowing pages and ane pant of the cerificate,

Al calibrations have been condicted in the closed taboratory fadlity: smironmend lemperaturs (22 = 31°C and humidity < T0%

Calbration Equipmai used (MATE crfical or calibralion)

| Primary Standards EIDI Cal Duds (Cartificats Mo Scheled Calibration =
Kmthiey Multimais Type 2001 [SN:. panzTa 02-0ct-12 (Ne:12728) Oct-13
Secondary Standards on Chack Daie {in houss) Schoduled Check
Auo DAE Cafibration Unit SE UWS 053 AA 1001 - 07-Jan-13 [in house check) I house check: Jan-14
Calibrates Baw W21 | SE LIS D08 AA 1002 OT-Jan-13 (in houss check In houss check: Jan-14
Mama Function Signane
s b ol 55 T dtsotsy”
| Approved by: Firt o Dputy Techrical Managar £ "d'. ﬂ
iy, ] Lw
lesusd: September 20, 2013
This calibration carificais shall not be reproduced axcepd in ful withoul withen approval of the labarsiony.

Certificats Mo: DAE4-614_Sep13 Page 105
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Bwitzorfand

5 Schweizerizscher Kalibrierdianst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

Accrediled by the Swiss Accreditation Servics (SAS) Accreditation No.: SCS 108
The Swiss Accroditation Service is one of the signatories 1o the EA
Muiltilateral Agresment for the recognition of calibration cerificates

Glossary
DAE data acquisition electronics
Connectorangle  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 offsat voltage is included in this
measurament.

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

s 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 intemal AD converter
corresponding to zero input voltage

e [nput 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 cansidering the input resistance.

» Input resistance: Typical value for information: DAE input resistance at the connectar,
during intermal auto-zeroing and during measurement.

* Low Batfary 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 Mo: DAE£-614_Sep13 Fage 2ol 5
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DC Voltage Measurement
AJD - Converter Resclution nominal
High Ranga: 1ILSB = 8.1uV, full renge = -100.,,+300 mV¥
Low Range: ILEB = 6inV , full renge = -1.....+3mV

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

Calibration Faclors X Y Z
High Range 403,807 £ 0.02% (k=2) | 404.310 = 0.02% (k=2) | 404.934 + 0.02% (k=2)
Low Range | 3.94988 + 1.50% (k=2) | 3.96241 = 1.50% (k=2) | 3.99962 + 1.50% (k=2)

Connector Angle

Connector Angle 1o be used in DASY system 224524 9%

Cartificata No: DAE4-614_Sep13 Page 3ol &
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Diffarence (uV) Error (%)
Channel X + Input 109906 .56 =0.37 -0.00
Channal X + Input 20005.71 5.55 0.03
Channal X = Input -19987.18 4.15 -0.02
Channel ¥ + Input 199897.81 1-11 0.00
Channel ¥ + Input 20004.00 3.84 0.02
Channal ¥ = Input =20000.85 0.52 -0.00
Channel Z + Input 199924 41 <232 -0.00
Channel 2 + Input 20002.11 103 0.01
Channel Z - Input -20002.26 -0.91 0.00
Low Range Reading (uV) Difference (V) Error (%)
Channal X + Input 2001.50 1:30 0.06
Channel X + Input 201.44 0.70 0.35
Channel X - Input -198.12 0.0 0.00
Channel Y + Input 200048 0.22 0.01
Channel ¥ + Input 199.97 -0.81 -0.41
Channal ¥ = Input -200.69 =-1.50 0.76
Channel £ + Input 200024 0.08 0.00
Channal Z + Input 189.28 -1.43 -0.71
Channal Z = Input -200.15 -0.08 0.49
2. Common mode sensitivity
DASY measurement paramatars: Auto Zero Time: 3 sec: Measuring limea: 3 sec
Commeon moda High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
Channal X 200 0.88 -0.63
- 200 2.07 0.49
Channel ¥ 200 T.44 7.07
=200 -0.49 -8.32
Channel £ 200 -11.32 -11.43
=200 10.34 10.30
3. Channel separation
DASY measurement parameters: Aulo Zero Time: 3 sec. Measuring time: 3 sec
Input Voltage (mV) | Channel X (V) | Channel Y (uV) Channel Z (uV)
Channel X 200 - 4.1 0.42
Channel ¥ 200 5.94 - 529
Channel Z 200 5.90 8.42 -
Cortificate MNo: DAE4-614_Sop13 Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measurement paramelers: Auto Zero Time: 3 sac. Measuring lime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16250 17187
Channel ¥ 18372 16866
Channel Z 16119 17003

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

Input 1000
Average (pV) min, Offset (V) | max. Offset (uV) L T;:{’H“
Channal X 0.36 077 1.54 D.50
Channal ¥ .23 -2.14 0.85 048
Channel Z -1.04 -2.00 £0.03 045
6. Input Offset Current
MNominal Input circuilry offset current on all channals: <254
7. Input Resistance (Typical values for informstion)
Zeroing (kOhm) Maasuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel £ 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Lavel (VDC)
Supply |+ Vec) +7.0
Supply (- Vec) -T.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (ma) | Transmitting (ma)
Supply (+ Vee) +0.04 6 +14
Supply (- Vec) 0.0 -8 -9
Certificats No: DAES-614_Sap13 Page 50l 5
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Appendix C.3 Calibration certificate for Dipole 835 MHz
Calibration Laboratory of Behwetzarieches Kelibrisedinst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taraturs
Zsughousstrasse 43, 8004 Zurich, Switreriand Swiss Callbration Serv T
Agay

Accradited by ihe Swiss Accroditation Service (SAS)

The Swiss Accroditation Service is one of the signatories to tha EA
Multilatoral Agreemaent for the recagnition of calibration certificales

CHiont SGS (Dymstec)

Accreditation Mo.: SCS 108
b

4

223, f&y1
Certificate No: DB35V2-4d138_Sep13

[CALIBRATION CERTIFICATE

Calibration precedure for dipole validation kits above 700 MHz

Dbjoct DB35V2 - SN; 4d138
Calibrasion procedura(s) QA CAL-05.v9
Calibration date: September 27, 2013

This calibeation conificals documents the ireceability to national standards, which realize the physical unifs of measuremants (S1).
The measuremonts and ihe uncarminties with confidonca probabillity are givin on the following pages and am part of the cerificals,

Al calibrations. have bean conducted In the dased labomtony tncity: anvironmant tamperatun (23 & "G and humidity < 70%.

Calibegtion Equipment used (METE critical for caliorasion)

Primary Standards Ice Cal Date [Conilicats Ma.) Schaduled Calitration

Pewar motor EFRA-1428 GBIT4B0T04 O-Mo-12 [Ma, 217-015400 Ogt-13

Powar sansor HP 84814 USaraazTea O-Mow-12 (Na, 217-01840) Oct-13

Referance 20 B Atserimaior SN: 5058 {20k) Od-Apr-13 (Mo, 217-01736) Ape-14

Type-N mismaich combination SH: 50473 7 08327 D4-Apr-10 (Mo, 21707739 Api-14

Aslemnce Probe ES30V3 SN: 3205 28-Dec-12 (No, ES3-3205_Doc12) Dea-13

DAE4 SK: B 25-Apr-13 (Mo, DAE4-601_Apr13) Agr-14

Secondnry Standards o4 Chack Dato {in house) Schedulad Chack

Powar sansor HP B481A MY 41082317 18-Oct-02 (in howsa check Oct-11) I house check: Oct-13

RF genarator AES SMT-08 100005 D4-Ausg-89 (in house chock Oct11) In house check: Oct-13

Natwark Analyrar HP BTEIE LIS3T 300565 54206 1B-Ot=01 {in house chock Oc-12) In houss check: Ocl-13

N Function Signature
Calibratod by: Jaon Kastrati Labormtory Technician {;_\f__ ! t/gz____-—-—
— s

Appraved by Katia Pokowie Tochnical Manager e

‘,5:-'-'""‘:";‘{_- -~ }L‘

Issued: Soplember 27, 2013

immmmwmmm:wmmw in il withowl writhon approvad of the inbombory.
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Calibration Laboratory of \\\\\‘H\_h'_,;/j/,, g Schweizerischer Kalibrierdienst
Schmid & Partner i‘m e Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 7‘4@3\* S Swigs Calibration Service
g
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "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:

o 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 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.

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

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

e 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: DB35V2-4d138_Sep13 Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 41.5 0.90 mha/m
Measured Head TSL parameters (22.0+0.2) °C 41.4+6% 0.92 mho/m =6 %
Head TSL temperature change during test <05°C —— -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.40 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.44 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.56 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

6.16 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+02)°C 544 +6% 1.01 mho/m = 6 %
Body TSL temperature change during test =0.5°C eem ==

SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.41 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.32 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 W/kg
SAR for nominal Body TSL parameters normalized to 1W 6.12 W/kg £ 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5160210
Return Loss -31.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4670 -440
Return Loss -249dB

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.397 ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 22, 2011
Certificate No: DB35V2-4d138_Sepid Page 4 of 8
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DASYS Validation Report for Head TSL

Date:; 27.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 4d138

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

Medium parameters used: f= 835 MHz: 6 =0.92 §/m: g=414; p=1000 ].;Ea'ml'
Phantom section: Flat Section

Measurement Standard: DASY S ([EEE/TEC/ANSI C63.19-2007)

DASY 52 Confliguration:
= Probe: ES3DV3 - SN3205; ConvF(6.05, 6.03, 6.05); Calibrated: 28.12.2012:
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 25.04.2013
+ Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA; Serial: 1001
= DASYS525287(1137) SEMCAD X 14.6.10(7164)

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

Reference Value = 56.671 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 3.63 Wikg

SAR(I g} = 2.4 Wikg: SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.80 Wikg

-3.00
-6.00
-9.00

-12.00

-15.00

0dB = 2.80 Wikg = 4.47 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 26.09.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DR35V2; Serial: D835V2 - SN: 4d138

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

Medium parameters used: f= 835 MHz; 0 = 1.01 S/m; & = 54.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012:
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA: Serial: 1001
« DASYS252.8.7(1137), SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan {7xTx7T)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 54.246 Vim; Power Drift = 0,04 dB

Peak SAR (extrapolated) = 3.53 Wikg

SAR(I g) = 241 Wikg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 2.79 W/kg

T

3.00

-6.00

a.00

-12.08

-15.00

0dB =2.79 Wikg = 4.46 dBW/kg
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Impedance Measurement Plot for Body TSL
24 Sep 2043 10:40
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