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The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Noeminal Body TSL parameters 220C 48,9 5.36 mho/m
Measured Body TSL parameters (220+02)°C 47948 % 544 mha/m 26 %
Body TSL temperature change during test <1.0°C — —
SAR result with Body TSL at 5250 MHz
SAR averaged over1 ¢’ (1 g) of Body TSL Condition

SAR measured

100 mW input power

TEImMW /g

SAR for neminal Body T5L parametars

narmalized to 1W

76.1 mW g £23.0 % (k=2)

SAR averaged over 10 ¢m' (10 g) of Bady TSL

Condition

SAR measured

100 mW input power

216mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.5 mW /g £ 22.2 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations wers applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.5 577 mho/m
Measured Body TSL parameters (22.0+0.2) °C 480 £8% 5.74 mholm 4 6 %
Body TSL temperature change during test <1.0*C - —

SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢/’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 797 miW /g
SAR for nominal Body TSL parameters normalized to 1W 78.8 mW /g £23.0 % (k=2)
SAR averaged over 10 ¢m’ (10 g) of Body TSL Condition
SAR measured 100 mW input power 226miV/g

SAR for nominal Bady TSL parameters

nomalized to 1W

22.6 mW /g + 22.2 % (k=2)
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Body TSL parameters at 5750 MHz
The following paramelers and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.3 5.94 mhol/m B
Measured Body TSL parameters (22.0+02)°C 487 6% 5.91 mha/m + 68 %
Body TSL temperature change during test <1.0°C — —

SAR result with Body TSL at 5750 MHz
SAR averaged over1 ¢’ (1 g) of Body TSL Condition
SAR measurad 100 mW input power TS51TmWig
SAR for nominal Body TSL parameters narmalized to W 75.2 mW /g £ 23.0 % (k=2)
SAR averaged over 10 cm' (10 g) of Body TSL Condition
SAR measured 100 mW input power 211 mWig
SAR for nominal Body TSL paramaters normalized to 1TW 21.1 mW g £22.2 % (k=2)

Centificate No: Z16-97234 Page 6 of 14
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Appendix

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 51.20-557j0

Relurn Loss - 25.0dB
Antenna Parameters with Head TSL at 5600 MHz

Impedanca, transformed o fead paint 57.900- 0170

Return Loss. -227d8B
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 53.20 - 0.30)0

Retum Loss - 30.3d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 52.00 -4.21j0

Return Loss - 26.8dB

Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point

58.30 + 4.48j0Q

Return Loss - 22 84B
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 53.70 + 2.:93|0

Return Loss - 26.9d8
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.301 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 canter 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 lo the position as explained in the "Measurement Conditions" paragraph, The SAR data are not
affected by this change. The everall 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

Cenificate No: Z16-97234 Page % ol 14
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DASYS5 Validation Report for Head TSL Date: 12.12.2016

Test Laboratory: CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1113

Communication System: CW,; Frequency: 5250 MHz, Frequency: 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 4.724 mho/m: er = 36.26: p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.172 mho/m; er = 35.54: p=

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.371 mho/m; er = 35.1 7

p = 1000 kg/m3,

Phantom section: Center Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

* Probe: EX3DV4 - SN7307; ConvF(5.32,5.32,5.32); Calibrated: 2016/2/19,
ConvF(4.52,4.52 4.52); Calibrated: 2016/2/19, ConvF(4.45 4 45 4.45):
Calibrated: 2016/2/19,

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn771; Calibrated: 2016/2/2

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/3
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.56 VV/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 7.62 Wikg; SAR(10 g) = 2.17 Wikg

Maximum value of SAR (measured) = 17.6 Wikg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 70.62 VV/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 35.2 W/kg

SAR(1 g) = 8.07 Wikg; SAR(10 g) = 2.3 Wikg

Maximum value of SAR (measured) = 19.8 W/kg

Centificate No; Z16-97234 Page 9 of 14
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm dy=4mm, dz=1.4mm
Reference Value = 89.62 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 33.9 W/kg

SAR(1 g) = 8.03 Wikg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 19.6 Wikg

-9.1
-18.01
-27.02

-36.02

L

-15.03 |
0 dB = 19,6 W/kg = 12.92 dBW/kg
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Impedance Measurement Plot for Head TSL

Trl 511 Lbg Mag 10,0008/ Ref 0.000de [Fi)
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DASYS Validation Report for Body TSL Date: 12.13.2016

Test Laboratory; CTTL, Beijing, China
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1113

Communication System: CW, Frequency: 5250 MHz, Frequency; 5600 MHz,

Frequency: 5750 MHz,

Medium parameters used: f = 5250 MHz; o = 5.442 mho/m; er = 47.93; p = 1000

kg/m3, Medium parameters used: f = 5600 MHz; o = 5.74 mho/m; er = 48.92; p =

1000 kg/m3, Medium parameters used: f = 5750 MHz; o = 5.91 mho/m; er = 48.73;

p = 1000 kg/m3,

Phantom section: Right Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

* Probe: EX3DV4 - SN7307; ConvF(4.48 4.48 4 48); Calibrated: 2016/2/19,
ConvF(3.72,3.72,3.72); Calibrated: 2016/2/19, ConvF(3.91,3.91,3.91):
Calibrated: 2016/2/19,

* Sensor-Surface: 1.4mm (Mechanical Surface Detection)

* Electronics: DAE4 Sn771; Calibrated: 2016/2/2

* Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA: Serial: 1161/3

* Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10
(7372)

Dipole Calibration /Pin=100mW, d=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 50.72 V/m, Power Drift = 0.01 dB

Peak SAR (extrapolated) = 29.1 Wikg

SAR(1 g) = 7.63 W/kg; SAR(10 g) = 2.16 Wikg

Maximum value of SAR (measured) = 17.9 W/kg

Dipole Calibration /Pin=100mW, d=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 58.44 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 30.7 W/kg

SAR(1 g) =7.97 W/kg; SAR(10 g) = 2.25 Wikg

Maximum value of SAR (measured) = 18.3 Wikg
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Dipole Calibration /Pin=100mW, d=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 61.59 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 7.51 Wikg; SAR(10 g) = 2.11 Wikg

Maximum value of SAR (measured) = 18.5 Wikg

-B.56

-17.13

-25.69

-34.26

-42.82

0dB =18.5 Wikg = 12.67 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Object DAE4 - SN: 1279

Calibration Procedure(s) FF-Z11-002-01

Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Calibration date: May 02, 2017

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

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature
Calibrated by: Yu Zongying SAR Test Engineer Q/%
Reviewed by: Lin Hao SAR Test Engineer *\m'i%
Approved by. Qi Dianyuan SAR Project Leader P Bl e S

Issued: May 03, 2017
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:

o 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 report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = 61nV , full range = -1
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

X Y

Calibration Factors

Y4

403.839 £ 0.15% (k=2)

404.577 +0.15% (k=2)

High Range 403.899 + 0.15% (k=2)
Low Range 3.94739+0.7% (k=2) | 3.98890 + 0.7% (k=2) | 3.98821+ 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system

3565°+1°

Certificate No: Z17-97060 Page 3 of 3
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Object

Calibration Procedure(s)

Calibration date: May 25, 2017
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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)

DAE4 - SN: 1210

FF-Z11-002-01
Calibration Procedure for the Data Acquisition Electronics
(DAEX)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Process Calibrator 753 | 1971018 27-June-16 (CTTL, No:J16X04778) June-17
Name Function Signature

Calibrated by:

Reviewed by: Lin Hao SAR Test Engineer ﬁfﬁb% '

Approved by: Qi Dianyuan SAR Project Leader é;i%;:{i Dk

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

Yu Zongying SAR Test Engineer

Issued: May 25, 2017
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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.

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

e The report provide only calibration results for DAE, it does not contain other
performance test results.
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DC Voltage Measurement
A/D - Converter Resolution nominal
High Range: 1LSB = 6.1uV, full range =
Low Range: 1LSB = 61nV full range =
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

-100...+300 mV

X Y

Calibration Factors

Y4

High Range 404.098 + 0.15% (k=2) | 404.921 £ 0.15% (k=2)

405.031 + 0.15% (k=2)

Low Range 3.99972 +0.7% (k=2) | 3.98407 £ 0.7% (k=2)

4.00010 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

123°+£1°

Page 3 of 3
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Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agroemaont for the recognition of calibration cedificates

client  Sporton-KS (Auden)

Caortificate No: EX3-3954_Nov16

Ot

Calibrafion proceduie]s)

Calibration date:

CALIBRATION CERTIFICATE

EX3DV4 - SN:3954

November 28, 2016

Calibraton Equiprmant used (MATE ertical for callbration)

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

This calipmtion carificate documents the traceabifity to national siandards, which reallze thi physical units of mepsuwaments (31),
The measuremeants and the uncertaintlos with corfidence pobabilty are given on the following peges: snd afe pait of the cerificala

All callpeatinnes have boan condusted in the olosei laboratony facifity: envitornment lemperature (22 -+ 3)°C amd humidity < T,

Primary Standartds {[&] Cal Dide {Cerificata No.) Scheduled Calitvalion
ot mister MEF SN 104778 0E-Apr-10 (Mo, 217-02288/02280) Ape-17

Power sansar NRP-Z01 SN 103244 0B-Ape-16 (Mo, 217-02268) Ape-17

Power sanscr NRP-Z91 SN: 103245 OF-Apr-18 (No. 217-02280) Apr-17 _
Referanne 20 4B Altenuator SN BR2TT (2] O5-Apr-10 (Mo 21 ?-ﬂﬂgﬁ} Ape-1T

Refetsnce Probe ESIOV2 SN: 3013 31-Dec-15 {No. E53-3013_Decis) Duc-16

DAES Shl: GE0 23-Nec-15 (Mo, DAE4-660 Decth) Dac-16

Secondary Standmrds 1 Chesk Dats {in houss) Scheduled Check
Fower mater E44198 SN: GB41293874 06-Apr-16 (in house check Jun-16) In house chack: Jun-18
Powir sansor E44124 SN MY 1488087 06-Apr-16 (in house check Jun-18) in house chech Jur-18
Powet sensor E44128 SN: 000110210 06-Apr-16 (in howse chegk Jun-16) i houso check: Jun-18
RF genstaln HP B8480C | SN LIS3GE42LHN 700 De-Aug-99 Gn fouse check Jun- 16} In house check: Jun-18
Netwark Analyzer HF 8753 SN LS37300586 18-Gict-A [in house check Oot-16) in house check: Oct 17

(alibrated by

Anproved by

Mame

Leit Kiysner

Katja Pokovin

F!._Tnct_m-_n :
Laboratary Technician

5Ig_niﬂum

—-——_

This calibration cailicate shall nol be reproduced except In Ll withtult writtan aparoval of the laboralony,

lssued. Navamber 28, 201G

Certificate No: EX3-2984 Nov16
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Zeughausstrasae 43, A004 Zurlch, Switzerland Swiss Calibration Service

Aooredited by the Swiss Acoreditatn Servics (SAS) Accrediation No.: SCS 0108
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Multilateral Agroomont for the recognition of callbration cenlficates

Glossary:

T3L lissue simulating lguid

NORMx.y,z sansitivity in free space

ConvF sensitivity In TSL / NORMzx.y,z

DcpP diode comprassion point

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

A.B.C.D imodulation dependent linsarization parameters

Polarization o o ratation around probe axis

Palarization 3 # rotation around an axis that is in the plare normal o probe axis (at measurement center),

L&, & = 0is normal to probe axis
Connectlor Angle infarmatian used in DASY system to align probe sensor X to the robet coordinate system

Calibration is Performed According to the Following Standards:

a)

by
)

d)

|EEE Std 1528-2013, "IEEE Recommended Praclice Tor Delermining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communicalions Devices: Measurement
Tachnigques”, June 2013

|EC 62208-1, "Procedure lo 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

IEC 62209-2, "Procedure lo 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

KDB B65664, "SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

.

NORMzx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y.z are anly intermediate values, |.e., the uncertainties of NORMzx.y,z does not affect the E-field
uncertainty inslde TSL (see below ConvF).

NORM(f)x,y.z = NORMx.y.z * frequency_response (see Frequency Response Chart), This linearization Is
implemented in DASY4 sofltware versions later than 4.2, The uncertainty of the frequency response Is included
in the stated unceartainty of Conve,

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

PAR; PAR Is the Peak to Average Ralio that s nol calibrated but determined based on the signal
characteristics

Ax 2z Bryz Cay.z Dxyz: 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 maximurn calibration range exprassed in RMS voltage across the diode.

ConvE and Boundary Effact Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for < BOD MHz) and inside waveguide using analytical field distributions based on power
measurements for [ > B00 MHz. The same setups are used for assessment of the paramelers applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensifivity in TSL corresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequancy dependent
ConvE s used in DASY version 4.4 and higher which allows extending the valldity from £ 50 MHz lo £ 100
MHz.

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

Sensor Offset: The sensor offsel corresponds to the offset of virdual measurement center from the probe lip
{on probe axis). No tolerance required.

Connector Angle: The angle Is assessed using the information gained by delermining the NORMx (no
uncertainty requirad).

Cartificate Mo, EX3-3054 Noyvit Page 2:0f 11



Ex3Dvd — BN:3u54 Movember 28, 2016

Probe EX3DV4

SN:3954

Manufactured:  August 6, 2013
Repaired: November 21, 2016
Calibrated: November 28, 2016

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 systam!)
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EXanvd4— SN:an54 Navamber 28, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Basic Calibration Parameters

Sensor X Sensor Y Sansor £ Unc (k=2)
Norm (pVi(Vim)“)" 0.54 0.43 0.52 101 %
DCP (m\W)" 99.5 101.4 97.0
Modulation Calibration Parameters
uin Communication System Nama A B C o VR Ung'
dB dBVjV dB mv (k=2)
0 cw X| 00 | 00 | 10 | 000 | 1460 | #33%
Y 0.0 0.0 1.0 148,56
z 0.0 0.0 1.0 139.8

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

A The Uncenainties of Mo X2 do nol affect the Ex-field utcertainly inside TSL (54e Pages 5 and ).

 Wumerical lveanzation parameter; uncersinty nol requised

" Unoertainty B determingd using he mas, devialion frm (e leepanse applying rectangular distribution and k= expressed Tor the sguare of the
fizld value

Cerfificate No: EX3-3954_Nov16 Page 4 of 11



EX3DVd— Sh:3954 Novembet 28, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Une

1(MHz)® | Permittivity " (8im)" | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 1008 | 1098 | 1098 | 037 | 082 | #120%
835 415 0.90 1062 | 1052 | 1052 | 016 | 142 | £120%
900 415 0.97 1035 | 1035 | 1035 | 036 | 083 | +120%
1750 40.1 1.37 B.58 8.58 8.58 031 | 081 | £120%
1900 40.0 1.40 8.32 8.32 8.32 047 | 127 | +120%
2000 40.0 1.40 8.23 8.23 8.23 022 | 141 | £120%
2300 39.5 1,67 7.88 7.88 7.88 0.21 116 | +120%
2450 39.2 1.80 7.44 7.44 7.44 030 | 094 | +£120%
2600 39.0 1.96 7.27 7.27 7.27 027 | 113 | +120%
3500 7.9 291 7.10 7.10 7.10 030 | 120 | £131%
5250 35.9 4.71 5.08 5.08 5.08 035 | 180 | £131%
5800 35.5 5.07 470 4.70 4.70 040 | 180 | #131%
5750 35.4 5.22 4.69 4.69 4.69 045 | 180 | +131%

" Froguuncy validity above 300 MHz of + 100 MHz anly appies far DASY vi 4 and higher (sek Page 2, slsa i is feslicted 1o £ 50 MHz. The
uhcertainty is the RSS of the ConvF uncortainty at calibralion frequency and the uncertainty for the indicatad fraquandy band. Frequency walidity
helow 300 MHz b + 10, 25, 40,50 and 70 MHz for ConvF assessments 51 30, 64, 128, 160 and 220 MHz respectively. Above 5 GHz fraquenay
walldity can be axloendad tod 110 MHz

' At frequensies balow 3 GHz, the validity of tissue parameters (o and o] can be relaxed 1o + 10% if lquid compensation farmuls is appied to
measured SAR valuss, At fregquencies abeve 3 GHz, the validlly of issue parametirs (v and o) is restricied (o 4 5% The uncertsinty i he R55 ol
tha ConvE uncertalinty for indicated target Hissue parameles

" Alphe/Depih are datermingd durirg calibrstion. SPEAG wairants that [he remaining devialion doe to the boondary effect aftes nompersation is
always less thar = 1% for freguencios balow 3 GHy and below ¢ 2% for fretquenties belwaen 30 GHe bl any distance (arger fhuen Pl phs prols g
digmater from (he boundary. )

Cerificale No; EX3-3954 Novi16 Page 5of 11



EX3DV4- SN3854

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Calibration Parameter Determined in Body Tissue Simulating Media

MNovember 28, 2016

Relative Conductivity Depth " Unc
f(MHz)® | Permittivity” (stm) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 10.54 10.54 10.54 0.41 0,80 +12.0 %
835 55.2 0.97 10.32 10.32 10.32 0.24 1.08 +12.0 %
1750 53.4 1.48 8.32 8.32 8.32 0.34 0.80 £12.0%
1900 53.3 1,52 8.01 8.01 8.01 040 0.80 £120% |
2300 52.9 1.81 7.80 7.80 7.80 0.43 0.84 +12.0 %
2450 52.7 1,95 7.55 7.55 7.55 0.47 0.80 +12.0 %
2600 525 218 7.05 7.05 7.05 0.40 0.91 +12.0 %
3500 51.3 3.31 6.75 6.75 6.75 0.30 1.20 +13.1 %
5250 48.9 5.36 4 5D 4.50 4,50 0.45 190 | #131%
5600 48.5 5.77 3.92 3.92 3.92 0.50 1.80 £13.1 %
5750 48.3 5.04 4.05 4.05 4,05 0.55 1,80 £13.1%

" Frogquoncy vafidiy sbove 300 MHz of £ 100 MHz only applies for DSY v4.4 and higher (see Page 2. elsa d is restrcled to + 50 Mtz The

uncertainty is the RSS5 of the ConvF uncenamly at calibration frequency ar

id the uncertainty for the indicated requency band. Frequency validily

BElow 300 Mz is » 10, 25, 40 80 and 70 Mz Tor ConvF assessments at 300 64, 128, 150 and 720 MHz respectivaly. Above & GH frequency

validity can be extanded o £ 110 MH:z

" At frequencies below 3 GHz, the validity of fssue paramelers (¢ and af can be felaxad 1o £ 10% i iquid compensation farmula is apglisd to
igasured SAR valuae, At reguencies abave 3 GHz, the validity of issye parameters (x and o) ia restricted (o £ 8% The untertainty = fhe RES of

the CorwF uncertainty for indicaled trget tissues paramelems

% AlphalDepih are detsrminad during colibration. SPEAG warranis that the remaining deviation due to the boundary eflect affer companaation (s
1 Jsee fhan 1 19 for frequencies below 3 GHz and below £ 2% lon flieguencies belween 3-0 GHz at any distance larger than Hall tha probe tp
dimmeter from the boundary,

Cerilicate Mo: EX3-3954 Novih
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EX3DVd4— SN.3954 Movembar 28, 2016

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)

Cartificala No; EX3-3054_Nov16 Page T of 11



EX30Vd— SN:38504
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

!_EE!HHI

Cartificate NG EX3-3254_Nowv1b

Page 8 of 11



EX30V4— SN:3954 November 28, 2016

Dynamic Range f(SARpead)
(TEM cell , fuya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EXADV4— SN 3954 Movamber 28, 2016

Conversion Factor Assessment

=835 MHz WGLS RE {H_convF) f= 1800 MHzWGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (j, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2
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EX3DV4- ShN:A854

Movember 26, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3954

Other Probe Parameters

Sensar Arrangerment Triangular
Connector Angle (%) 737
| Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode ~ disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length o 9mm
Tip Diameler 2.5 mm
Probe Tip to Sensar X Calibration Point 1 rmm
Probe Tip to Sensor ¥ Calibration Point 1 mm
“Probe Tip to Sensor Z Calibration Point 1. mm
Recommended Measuremenl Distance from Surface 1.4 mm

Carfilicate No: EX3-3054_Nov16
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Calibration Laboratory of e,

; St Schweizerischer Kalibriordienst
Schmid & Partner % — é. g Sarvice sulsse d'étalonnage
Engineering AG e Servizio svizzera di taratura

Zeughausstrasse 43, B004 Zurich, Switzerland {—:_ﬁf S Swiss Callbration Servics
Accreditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service is ane of ihe signatories ta the EA

Multitateral Agreement for the recegnition of calibration certificates

cient  Sporton (Auden) Certificata No: EX3-3857_May17
|CALIBR‘ATI ON CERTIFICATE |

Objact EX3DV4 - SN:3857

Calibratioh procedurs(s) QA CAL-D1.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Cafibration dato May 26, 2017

Thea calibration cenfiicate docienents the fracesbility to national staidards, which reslizs the physical units of measurements (S0,
The measuremenis and e uncadaintiss with conflidence probabifity ar given on the folldwing pages and are parl of the cadilicale.

All callbrations have been conducted in the closed laboratory tacilty, emvironmient tempecature (22 + 3)C and humidity < 70%.

Cahibration Equipmen used (METE critkcal for calibsmtion)

Primary Standards 2 Cal Date (Ceoilicate No. ) Schaduled Calibration
Powrer ineler NRF BN 104TTE 04-Apr-17 (Mo, 217-0252 1102523} Apr-18
Power sengar NRP-Z91 SN 103244 Od-Apr-17 {No_ 217-02521 ) Ape-18-
Powar sansir NRP-201 BN 103245 Od-Apr-11F (Na. 217-D25245) Ape-18
Reférende 20 dB Alleniatod SN: 55277 (20x) O07-Ape-1T (Mo 217-02528) Apr-18 —
Referanca Probe ES30V2 SN 3013 31-Dee-16 (Mo, E53-3013_Dec16) DecA7T
DAE4 Sh G0 7-Dac-16 (Mo DAE4-60Deci) D17
Soecondary Standards i Chack Data {in house) Schaduled Check
Power mstsr E44198 SN GBA1293804 (6-Apr-16 (in housa checi Jur-16} in house check: Jun-18
Py sanso E44 124 SN MY414808087 D6-Apr-16 (in house check Jun-16} In houze check: Jun-18
Fowear sengor E44 128, SN 00R7 10210 Of-Apr-16 {in housa check Jun-16} In house check: Jun-18
RF generator HE BE4BC SN: LIS3643001700 O4-Aug-88 fin boise chech Jun-18) In hoize ehack: Jurn-18

| Network Anolyzer HP 8753E 5N US3T3905685 18-0ci-01 (m house check Ocl-16) In House chech: Dot-17

Marms Funetion Sipriature

Caiitirated by Michae! Waber Lsbaratory Technician

Approved by Katja Pokovic Techpical Managsr i !_/f*.:' '
' 1 =

Issieed! May 30, 2017

This calibrefion cenificate shall not be e oducsd excepl In lull withoul written approval of the latioratory
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Calibration Laboratory of A

o e, Sehweizerischor Kallbriardienst
Schmid & Pariner ﬁ’é g Service suisse d'étalonnage
Engineering AG T g Sorvilo svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland *r/,qﬂ\ ¥ Swiss Calibration Servieo
Acoredited by Ihe Swiss Accreditation Sevice (SAS) Accraditation No.:. SCS 0108
The Swiss Accreditation Service I8 one of the signalories to tho EA
Multitaleral Agreement for the recognition of calibration cerfificates
Glossary:
TSL tissue simulating liguid
NORMx,y,2 sensitivity in free space
ConvF sensitivity in TSL / NORMzx,y,z
pCcpP diode comprassion point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramelars
Polarization o rotation around probe axis
Polarization 9 % rotation around an axis that Is in the plane normal to probe axis (at measurement center),
l.e., 8 =01is 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)

b)
c}

d)

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: Measuremert
Techniques”, June 2013

IEC £2208-1, "Procedure lo measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity lo the ear {frequency range of 300 MHz to 3 GHz)", February 2005

|EC 52209-2, "Procedure to determing the Spedific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the hurman body (frequency range of 30 MHz to 8 GHz)", March 2010

KDB 865664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

-

NORMx,y,z: Assessed for E-field polarization 8 =0 (f <900 MHz in TEM-cell; { > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediale values, i.e., the uncertainties of NORMx,y,z does nol affect the E™-field
uncertainty inside TSL (see below Convi).

NORM{f)x.y.z = NORMzx,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 inchided
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical lingarization parameters assessed based on the data of power swesp 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
charactaristics

Ax.y.z Bry.z Cxy.z Dxy.z: VRxyz A, B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VA 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 an power
measuraments for f > 800 MHz. The same setups are used for assessment of the parameters applled for
boundary compensation (alpha, depth) of which typical unceriainty values are givan. These parameters are
used in DASY4 software (o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMy,y,z * ConvF whereby the uncertainty corresponds to thal given for ConvE, 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 & 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 prabe axis). Mo lolerance required,

Connector Angle: The angle Is assessed using the infarmation gained by determining the NORMx (no
uneertainty required),

Cefillicate No: EX3-3857 May17 Page 2ol 11



EX3DV4 - SN3857 May 26, 2017

Probe EX3DV4

SN:3857

Manufactured:  January 23, 2012
Calibrated: May 26, 2017

Calibrated for DASY/EASY Systems

(Note: non-cormpatible with DASY2 system!)
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EXIOVA- SN:3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Basic Calibration Parameters

) Sensor X Sonsor Y Sensor £ Unc (k=2)
Norm (pVI(vim)° ) 0.17 0.42 0.44 +10.1 %
DCP (mV)" 98.5 100.1 102.4
Modulation Calibration Parameters
uip Communication System Name A B C ] VR Une"
d8 dBvipv dB mV {k=2)
0 cw x| 6o | oo 10 | 000 | 1382 | 389
Yy | oo 00 | 10 147.4
Z 0.0 0.0 1.0 1449

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

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

* The uncenainties of Narm X.Y,Z 6 not atfec the EXfisld uncartainty inside TSL {aee Pages 5 and &),

* Numerical linearization parameter. uhoartainly nol required.

" Uncertainty s datarmined iing the max, deviation from linear responee applying rectangular distribution and = expressed for the sqoare of tho
fishel walesee.

Cerlficate No: EX3-3857_May17
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EX3DV4- SN3857

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth © Unc

f(MHz)® | Permittivity” (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 10.01 10.01 10.01 0.38 0.69 +12.0 %
835 415 0.80 9.73 9.73 9.73 0.47 0.85 120 %
900 41.5 0.97 0.48 948 9.48 0.31 1.01 +12.0 %
1750 40.1 1,37 B.4T 8.47 8.47 (.38 0.82 +12.0 %
1800 40.0 1.40 B.29 8.29 8.29 (.38 0.80 +12.0 %
2000 40.0 1.40 8.26 8.26 8.26 (.35 0.80 +12.0 %
2300 39.5 167 7.95 7.95 7.85 0.24 1.08 +12.0 %
2450 39.2 1.80 7.71 7.71 7.7 0.41 0.80 +12.0%
2600 39.0 1.96 7.62 7.62 7.62 0.41 0.80 +12.0 %
3500 37.9 2.01 7.37 7.37 7.37 0.29 1.25 +13.1 %
3700 ary 312 6.94 .94 6.94 0.25 1.25 | +131%
5250 359 4.7 5.39 5.39 5.39 0.35 1.80 +13.1 %
5600 35.5 5.07 5.04 5.04 5.04 0.40 1.80 +13.1 %
5760 35.4 522 534 534 5.34 0.40 1.80 +131%

© Frequaeney validity akidve 300 MHz of £ 100 MHz only applies for DASY vl A and highier fsee Papge 2), slse | s resticted |n « 50 MHz The
uncartainty i the RSS of the Conv upoertainty af calibeation frequency and the uncertainty for the mdiated fraguency band. Froguesncy validity
Dodew 300 MHz i = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 54, 128, 150 and 220 MHz respectively. Abave 5 GHz frequeicy

validity can be extendad to+ 110 MHz

" Al frequsncies befow 3 GHz. the validity of 1=sus parsmaters (n snd o) can be ralzned fo + 10% il linuid compehsation formuls is applied 10
measured SAR values. Af frequencias above 3 GHz, the validity of lissue paramelers [x and o is restricted to 2 5%, The uncertainty is the RSS of

tha ConvE uneedainty for indicated targel issug psiametars.

¥ AiphalDepth are determined during calibration. SPEAG warrants thial the remaining devistion due to the boundary sffect afier compansallon is

always less tlmn + 1% for froquenties below 3 GHz and befow = 2% for frequancies between 3-8 GHz at any distangs larger than half the probe tip

dismetar from the boondary,

Cerlificate No: EX3-36857_May17

Page 5of 11




EX30V4- SNI3AST

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Calibration Parameter Determined in Bedy Tissue Simulating Media

Relative Conductivity Depth © Une

f{MHz)® | Permittivity" {sim) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) |  (k=2)
750 55.5 0.96 9.96 9.96 .96 0.44 080 | +12.0%
835 56.2 0.97 9.72 872 9.72 046 | 080 | +120%
1750 53.4 1.48 8.29 829 8.29 0.36 0.80 +12.0 %
1900 53.3 1.52 8.08 8.08 8.08 0.37 080 | +120%
2300 52.9 1.81 7.87 7.87 7.87 0.39 087 | £120%
2450 52.7 1.95 7.70 7.70 7.70 0.40 080 | #120%
2600 52.5 216 7.59 7.59 7.59 0.34 092 | +120%
3500 51.3 331 6.89 6.89 6.89 0.30 120 | £131%
3700 51.0 3.55 6.82 6.82 6.82 0.30 120 | £131 %
5250 48.9 5.38 472 472 472 0.40 1.90 | +£131%
5600 485 5.77 4.01 4.01 4.01 0.50 190 | +13.1%
5750 48.3 5.94 4.31 4.31 4.31 0.50 1.90 | £131%

t Frequancy waidity sbive 300 MHz of + 100 MHz only spplies for DASY va.4 and highsr (ses Page 2), eise i s resincted 1o & 50 MHz. The
unegrtainly s e REE of the ConvF uncertainty at calibralion frequensy and the epeerainty far the indicated frequency and, Froguaency validity
below 300 MHz iz £ 10,26, 40, 50 and 70 MHz for ConvF assessmants al 30, B4, 128, 150 and 220 MHz respeciivaly, Above 5 GHz Fequancy

validity cen be axtended to £ 110 MHz

" Al fraguencies helow 3 GHz, the walidity of ligske paramaters (= and o] can ba reissed 16+ 10% i Hguld compehsaticn Toimiia 5 spplisd 1o
reasurad SAR valuas. Al frequencies above 3 Gz, the walidity of issus parametors (cand o) i resticted 1o 2 5% The uncetainty 1s the RSS of

Ihe ConvF uncertamty lor Indicated larget bssue paremefes.

5 plphaiDepth are dstermined during calibratinn, SPEAG warants thel the remaining devighion due to the boundary stfect after compensation is
alveays less than ¢ 5% for frequenties below 2 GHz &nd balow + 2% for frequencies between 3-8 GHz gt any distance larmer than hall the probe tip

diameter from he boundary.
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EX3DV4— SN:3857 May 26, 2017

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-- SN:3857 May 26, 2017

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN.3857 May 286, 2017

Dynamic Range f(SARyeaq)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)

Cerlificats No. EX3-3857 May17 Page B ol 11



EX3DNV4— ShN:385T May 26, 2017

Conversion Factor Assessment

f =835 MHz, WGLS RY (H_conv) f= 1800 MHz.WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncaertainty of Spherical Isotropy Assessment: £+ 2.6% (k=2)
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EXIDVa- SN385T

May 26, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3857

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 419
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Made disabled
“Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5 mm
Prabe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Polnt 1 mm
Probe Tip o Sensor £ Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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