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Glossary:
TSL tissue simulating liquid
NORMzx.y.z sensifivity in free space
ConvF sensitivity in TSL / NORMzx,y.z
ocp diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization parameters

Polarization @ @ rotation around probe axis
Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center), |
B8=0 is normal to probe axis

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

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 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 300MHz to 3GHz)", February 2005

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication
devices used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March
2010

d} KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx vz Assessed for E-field polarization 8=0 (f=900MHz in TEM-cell: f= 1800MHz: waveguide).
NORMx .z are only intarmediate values, i.e., the uncertainties of NORMx,y,z does not effect the
£ -field uncertainty inside TSL (see below ConvF),

e NORM{f)x vz = NORMx,y 2" 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,

& DCPyy.z: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

= PAR: PAR s the Peak to Average Ratio that is net calibrated but determined based on the signal
characteristics.

o Axyz Bryz CxyzVRxyz:AB.C are numerical linearization parameters assessed basad on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nar
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 fsB00MHz) and inside waveguide using analytical field distributions based on
power measuremens for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued 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+50MHz to+100MHz.

e Spherical isotropy (30 dewviation from [sotropy): in a field of low gradients realized using a flat
phantom exposed by a patch antenna,

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

= Conneclor Angle: The angle is assessed using the information gained by determining the NORMx
{ne uncertainty required).
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DASY/EASY — Parameters of Probe: ET3DV6 - SN: 1664

Basic Calibration Parameters

I Sensor X Sensor Y Sensor Z | Une (k=2) |
Norm(pVi(Vim)*)* | 1.87 1.89 1.67 +10.8%
| DCP{mV)" 101.1 101.2 1991

Modulation Calibration Parameters

o Communication A e ] c D VR Unc® |
System Name dB | dBypV | dB my (k=2)
0 cw X [o0 Joo [10 0.00 |2747 [+21%
y oo [oo0 |10 281.1
z |00 [oo [10 250.6

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

* The uncertainties of Norm X, ¥, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6).
¥ Mumerical linearization parameter: uncerainty not required.

¥ Uncertainly is determined using the max. deviation from finear response applying rectangular distribution
and is expressed for the square of the fisld value.
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DASY/EASY — Parameters of Probe: ET3DV6 - SN: 1664

Calibration Parameter Determined in Head Tissue Simulating Media

| (-]

f MHz]° Pa:::i:::;y' ca":::;’t“’ ConvF X il ConvF'Y | ConvF Z | Alpha® 1:;:; ::l:“__
750 419 0.88 676 | 676 | 676 | 055 | 1.80 | £12%
835 415 090 | 633 | £33 | 633 | 060 | 1.80 | +12%

| 1750 40.1 1.37 5.01 5.01 501 | 049 | 256 | +12%
| 1800 40.0 1.40 492 | 492 | 482 | 055 | 236 | +12%

g Frequency validity above 300 MHz of £100MHz only apphes for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty s the RSS of 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 frequency below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to +10% if liquid compensation
formula is applied to measured SAR values. Al frequencies abave 3 GHz, the validity of tissue parameters (c and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters.

® Alpha/Depth are determined during calibation. SPEAG warrants that the remaining deviation du to the boundary
effect after compensation is always less than + 1% for frequencies below 3 GHz and below + 2% for the frequencies
between 3-6 GHz at any distance farger than half the probe tip diameter from the boundary.
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DASY/EASY — Parameters of Probe: ET3DV6 - SN: 1664

Calibration Parameter Determined in Body Tissu

e Simulating Media

| . T Al | (4]

| MHz° Pa?-::z::f c“““{;::;’f"’ ConvF X | ConvF Y | ConvF Z | Alpha® E::f:; :J:z?

| 750 55.5 0.98 645 | 645 | 645 | 080 | 150 | +12%
835 55.2 0.97 841 | 641 641 | 056 | 190 | +12%
1750 53.4 149 477 | 477 | 477 | 0858 | 262 | £12%
1900 53.3 152 432 | 432 432 | 062 | 255 |+12%

© Frequency validity above 300 MHz of £100MHz only applies for DASY v4.4 and higher (Page 2), eise it is restricted to
£50MHz. The uncertainty Is the RSS of ConvF uncertainly 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 ConvE assessments at 30,84, 128,

150 and 220 MHz respectively. Above 5 GHz frequency validity can be extended 1o £ 110 MHz.
’ At frequency below 3 GHz, the validity of tissue parameters (£ and o} can be refaxed to +10% i liguid compensation
formula is apphed to measured SAR values. Al frequencies above 3 GHz. the validity of tissue parameters (¢ and o) is
restricted to £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,

© 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 the frequencies
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary,
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

T firvirind il b
gy e o s

Frequency response (normalized)

ZE f [MHz] s
TEM e

Uncertainty of Frequency Response of E-field: 7.5% (k=2)
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Receiving Pattern (®), 8=0°

=600 MHz, TEM f=1800 MHz, R22

E S S e . :_ .._i_. .é H : ; _é .E "
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] -] 0o 188

Rgll[*] e
[F==100MHz _—-—600MHz - 1800MHz - 2500MHz|
Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
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Dynamic Range f(SARaq)
(TEM cell, f = 900 MHz

1
L

SAR[mW/cm’]

B not compensated  —@— campensated

Certificate No: Z16-97201
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Uncertainty of Linearity Assessment: £0.9% (k=2)

Pagegof 11




Bay Area Compliance Laboratories Corp. (Taiwan)

" In Collsboration with
ﬁ‘TTL £ pe s g

Addd: NeuS1 Xueyuan Rosd, Halidian District, Beijing, 100091, Chins
Tel +86-10-62304633-2218 Fani: +86-10-6230163 3-2205
E-madl: ol chinanl com Hitpctwewe chinastl en

Conversion Factor Assessment

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

T — : - . —————

200 = #o f—t— | [ |
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| [ ——measred  — salytical |

Deviation from Isotropy in Liquid
§ o0

0.2

10 080 0060 040 020 0 020 040 080 0BO 1D
Uncertainty of Spherical Isotropy Assessment: +2.8% (K=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN: 1664

Other Probe Parameters

Sensor Arrangement _ Triangular
Connector Angle (*) 156.7
Mechanical Surface Detection Mode - enabled
Optical Surface Detection Mode _ disabled
Probe Overall Length 337mm
i‘:rnba Body Diameter 10mm
Tip Length 10mm
Tip Diameter 6.Bmm
Probe Tip to Sensor X Calibration Point 2.7mm
Probe Tip to Sensor Y Calibration Point E.Tmm—
Probe Tip to Sensor Z Calibration Point E.Tmm—
Recommended Measurement Distance from Surface Amm
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unil fs a daelicate, high precision instrument and requlres careful treatment by the user. There are no
sarviceable parts inside the DAE, Special attention ghall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unif is closad using a sorew, over tightening the screw may
cause the threads inside the DAE to wear oul.

Shipping of the DAE: Bafore shipping the DAE fo SPEAG for callbration, remove the batteries and pack the
DAE in an antistalic bag, This antistatic bag shall then be packed into a karger box or container which protects the
DAE from mpacts dunng fransportation, The package shall ba marked 1o indicate that a fragile instrument is
ingica

E-Stop Failures Touch delaction may be mafunctioning due fo broken magnets in the E-stop. Rough handling
of tha E-siop may kead to damage of these magnets. Touch and collision erors are often caused by dust and dirt
accumulated in the Estop, To preven! Estop fallure, the cusiomer shall always mount the probe bo the DAE
carefully and keep the DAE wnit in 8 non-dusty environment if not used for measurements.

Repalr: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG resenves
the right to chage for any repair especially if rough unprofessional handling caused the daefect.

DASY Configuration Files: Since the exact valees of the DAE input resislances, as measured during ihe
callbration procedure of @ DAE uni, are not used by the DASY software, a nominal valee of 200 MOhm is given
in the carrespanding 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 orlented 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

TH_BRO40315AD DAE# doc 11.12.2008
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[CALIBRATION CERTIFICATE

Dbject DAE4 - SD 000 D04 BJ - SN: 527

Calibration procedure{s) QA CAL-06.v29

Calibration procedure for the data acquisition alectronics (DAE)

Casbralion date: October 18, 2016

This calibeation cortificate documents the imceability 1o nalicnal stendands, which malize the piysical units ol maasuroments (51)
The measwemants and the uncartainties with confidence probabilily am ghen on the folovwang pages and am part of the corificale

Al calibrations have been conducied in This closed lsbomiony (clity: amanonmeant lempenaiune (22 = 3°C and humiditg < 70%

Calibestion Equspmen] used [METE crilicad lor calibralion)

Piimasy Slandards ia Cal Dobe |Cortilicals Mo} Schaduled Calbeation
Kalihiay Multimater Typa 2001 SM: 0B10RTE 09-Sap=10 (Mo 1 80ES) Sap7
Secondary Siendands or Check Dake {In housah Schedulad Chack
Auto DAE Catbration Ling SE UWE 053 A& 1001 DE-Lan-18 {in house check) In house check: Jan-17
Cadbraior Box V2.1 5E LIME 000 AA 1002 05-Jan-16 (in house chock) In house chack: Jan-17
Marma Function Signatune
Caltrated by: R. Mayoraz Tachnician =
T s
- r S
Approved by, Fin Basmhol Deputy Technical Manapar ’:,_(?_,_,_p/‘é%__

lusuod: Oclobar 19, 2016

Thin caliteaton cenilicate shall nol be reproduced excopl in Wl withcu writlen approval of tha labomony,
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Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system fo 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 volimeter in the respective range.

« Connector angle. The angle of the connector is assessed measuring the angle
mechanically by a lool inserted, Uncerainty 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 Linesarity: Verilication of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

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

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

= AD Converfer Values with inputs shorfed: Values on the internal AD converter
comesponding to zero input voltage

* Input Offsat Measuremeant: Output voltage and statistical results over a large number of
zaro voltage measuraments.

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

» [nput resistance: Typical value for information: DAE input resistance at the connector,
during intemal auto-zeroing and during measurement.

= Low Batlery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated,

«  Power consumplion: Typical value for information, Supply currents in various operating
modes.

Carlificate Mo: DAE4-527_0cl18 Page 2ol §
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1V, full range = -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 402.800 + 0.02% (k=2) | 403.076 + 0.02% (k=2) | 403.341 +0.02% (k=2)
Low Range 3.93103 £ 1.50% (k=2) | 3.93681 + 1.50% (k=2) | 3.93835 + 1.50% (k=2)

Connector Angle

| Connector Angle to be used in DASY system 316.5°+1°

Certificate No: DAE4-527_Oct16 Page 3 of 5
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Appendix (Additional assessments ouiside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199994.24 -1.73 -0.00
Channel X + Input 20000.60 -0.84 -0.00
Channel X - Input -20001.62 -0.70 0.00
Channel Y + Input 199995.66 -0.16 -0.00
Channel Y + Input 20000.45 -0.98 -0.00
Channel Y = Input -20002.19 -1.25 0.01
Channel Z + Input 199994.81 -0.92 -0.00
Channel Z + Input 20001.05 -0.30 -0.00
Channel Z - Input -20002.07 -1.07 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.81 -0.26 -0.01
Channel X + Input 201.70 0.18 0.09
Channel X - Input -198.38 -0.08 0.04
Channel Y + Input 2001.07 -0.09 -0.00
Channel Y + Input 201.60 0.07 0.03
Channel Y = Input -198.82 -0.50 0.25
Channel Z + Input 2001.44 0.31 0.02
Channel Z + Input 200.17 -1.40 -0.69
Channel Z - Input -199.98 -1.53 0.77
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 (nV) Average Reading (1V)
Channel X 200 10.45 8.51
- 200 -7.86 -10.11
Channel Y 200 -3.58 -3.84
- 200 2.79 2.49
Channel Z 200 1.1 0.78
- 200 -2.83 -2.83

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

Input Voltage (mV¥) | Channel X (uV) | Channel Y (pV) Channel Z (uV)
Channel X 200 - 5.40 -1.23
Channel Y 200 8.21 - 6.51
Channel Z 200 7.31 6.00 -

Certificate No: DAE4-527_0Oct16
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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 16049 14725
Channel Y 16330 16314
Channel Z 15928 15276

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

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (V) . {():‘\;;atlon
Channel X 0.34 -0.78 218 0.42
Channel Y -0.38 -1.63 0.47 0.42
Channel Z -0.71 -2.72 1.26 0.55
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 (+ Vee) +0.01 +6 +14

Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-527_Oct16
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[CALIBRATION CERTIFICATE

Carfoct

Calbration procedunals)

Primary Standards

DB3sV2 - SN: 454

QA CAL-05.va

Calibration procedure for dipole validation kits above 700 MHz

August 17, 2015

Casbwation Equipmant used [METE crifical for calibention)

liow

Thiis calibration certificats documonts the taceabsity o nasonal standards, which realize bo physical units of measwesmants (51}
The measuramants and the uncertaintss with conlidence probabilty are givan on the following pages end ae part of the certilicats;

Al calieations have bean conducted in the chosed laboratory facilty, environmant lempaesaturs (22 = 3)°C and humidty < 70%.

This calration cenficate shall nol bo reproduced axcept o bl withoul witign approvl of the aboratory.

Cal Date [Cortdicats No.) Scheduled Calibralion

Powar matar EPM-$424 | GEATABOTOM OF-Oct-14 (Mo, 217-02020) Oet-15

Power sansce HP B4A1TA | USATRERTES O7-Oct-14 [No. 217-02020) Oet-15

Power sensor HP B481A wYd1oa2n T 07-Oct-14 (No. 217-02021) Oct-15

Fialerence 20 dB Aflenuator Shi: 5058 {20k) D1-Ap-15 (No. 217-02131) Mar-16

Type-N mismalch combination SM: 5047.2/ 08327 O1-Apr-15 (No. 217-02134) Mar-16

Ralemance Probe ES30V3 SHE 3205 30-Dwc-14 (Mo, ES3-3205_Decid) Doc-15

DAE4 | 5h: 654 DB-Jub-16 [Mo. DAE4-684_Jui5) Juk18

Secondary Slandards lIDw Chack Date (in house) Schedued Chack

RF ganarator RAS SMT-06 100005 Di-Awug-B3 (in house chack Oct-13) In e chascl: Ool-16

Matwark Anabyzer HP 8753E US3I7TIN0SES 54206  18-Oct-01 {in howse check Oci-14) In henese check: Oct-15
MNama Fumction Signalure

Calibeated by. Jton Kestral Laboeatory Technician — {i_-—__-_.?

Approved by, Katia Pokovic Technical Marsagar i

Cerificate No; DB35VE-454_Aug15
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Schmid & Partner o Service suisse d étalannage
Engineering AG e Servizlo svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switserland N Swiss Calibration Service
LT L
Acciedited by the Swiss Accrodilation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Muitilatoral Agresmaent for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
MN/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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDE BE5664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) 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 Returmn Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance statad is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty requirad.

» 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 resull.

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 1o a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASY5 V52.8.8

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

Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0+0.2) °C 419+6% 0.93 mho/m =6 %

Head TSL temperature change during test <05°C
SAR result with Head TSL

SAR averaged over 1 cm® (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

9,39 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.55 W/kg

SAR for nominal Head TSL parameters

normalized to 1TW

6.09 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 56.1+6 % 1.02 mho/m + 6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.48 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.59 Wikg + 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.61 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.27 Wikg = 16.5 % (k=2)

Certificate No: D835V2-454_Aug15
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 508Q-25jQ

Return Loss -31.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 471 Q-45]Q

Return Loss -25.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.378 ns

After long term use with 100W radiated power, only a sfight 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 shori-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 January 31, 2002
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DASYS Validation Report for Head TSL

Date: 17.08.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB3ISV2; Serial: DB35V2 - SN: 454

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

Medium parameters used: [ = 835 MHz; o = 0.93 S/m; £, = 41.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2011)

DASYS52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvFi6.2, 6.2, 6.2); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn654; Calibrated: 08.07.2015
= Phantom: Flat Phantom 4.9L; Type: QDOOOPAYAA; Serial: 1001
« DASYS5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 56.89 V/im: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.63 Wikg

SAR(1 g) = 2.4 Wikg; SAR(10 g) = 1.55 Wikg

Maximum value of SAR (measured) = 2.83 Wikg

0dB = 2.83 Wrkg =4.52 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35V2 - SN: 454

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

Medium parameters used: f = 835 MHz; o = 1.02 S/m; ¢, = 56.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvFi6.17, 6.17, 6.17); Calibrated: 30.12.2014;
Sensor-Surface: 3Imm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 08.07.2015

Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Sedal: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 17,08.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=3mm
Reference Value = 55,12 V/im; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 3.68 Wikg

SAR(1 g} = 2.48 Wikg: SAR(10 g) = 1.61 Wikg
Maximum value of SAR (measured) = 2.00 Wikg

<2.40
-4.80
-1.20
-9.60
-12.00

0dB = 2.90 W/kg = 4.62 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Lﬂbﬂrﬂtﬂr}' of Schweizorischer Kallbrierdienst
Schmid & Partner Service sulsse détalonnage
Engineering AG Sorvizio svizzere di taratura
Toughsussirasse 43, 8004 Zurlch, Switzertand Swiss Calibration Service
Accrachad by the Swiss Accreditalion Sarvice [SAS) Accreditstion No.: SCS 0108

The Swiss Accreditation Service |s one of the signatories 1o the EA
MuRtilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,v.z
/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) IEC 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to & GHz)", March 2010

d) KDB BE5664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Additional Documentation:
e) 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 cerificate 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.

* Feod 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. Mo uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, nommalized 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 reperted uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Exfrapolation
Phantom Madular Flat Phartam
Distanee Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resclution dx, dy, dz =5 mm
Frequency 1900 MHz £ 1 MHz
Head TSL parameters
The following parameaters and calculations wera applied.
Temparature Permittivity Conductivity
Nominal Head TSL parameters 220G 40,0 140 mihad'm
Measured Head TSL parameters (22.0202)"C WTrE% 1.38 miboim = 6 %
Head TSL temperature change during test |  <os°c —
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) af Head TEL Candition
SAR measurad 250 mW inpurt power 0.1 Wikg
SAR for nominal Head TSL paramaters normallzed o 1W 40,7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measurad 250 mW ingut power 5.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.5 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parametars and calculalions werg applied.
Temparature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 53.3 1.62 mho/m
Measured Body TSL parameters (22.0+0.2)"C 52T 26 % 1.54 mha'm + B %
Body TSL temperature change during test 205"C —
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body T5L Condition
SAR measurad 250 mW input power 102 Wikg

AR for neminal Body TSL paramesters

normalized bo 1W

40.4 Wikg = 17.0 % (k=2)

SAR averaged aver 10 em” {10 g) of Body TSL condition
SAR measunad 250 W input power 5.47 Wiy
SAR for nominal Body TSL paramelers normalized to 1W 21.7 Wikg = 16.5 % (k=2)

Certilicate Mo, D1S00W2-54207_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 52.70+58jQ

Return Loss -24.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4890 +64Q

Return Loss -23.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 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 Qctober 21, 2014
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DASYS Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI1900V2 - SN:5d4207

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

Medium parameters used: f= 1900 MHz; o = 1.38 8/m; & = 39.7; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (TEEE/[EC/ANSI C63.19-2011)

DASYS2 Configuration:
e Probe: ES3IDV3 - 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: QDODOPS0OAA; Serial: 1001
= DASYS2 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=Smm, dz=5mm

Reference Value = 99.21 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 18.5 Wikg

SAR(I g) = 10.1 Wikg; SAR(10 g) = 5.34 Wikg

Maximum value of SAR (measured) = 12.8 Wikg

0dB =128 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN:5d207

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

Medium parameters used: f = 1900 MHz; o = 1.54 S/m; & = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASY 52 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65); Calibrated: 30.12.2014;
= Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 18.08.2014
= Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0DAA; 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 {7x7xT)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 95,84 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(I g) = 10.2 Wikg; SAR(10 g) = 5.47 Wikg

Maximum value of SAR (measured) = 12.9 W/kg

0dB =129 Wkg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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