Appendix E: DAE and Probe Calibration Certificate

1.1.1. DAE4 Calibration Certificate

Add: No.52 Hus YuanBei Road, Haidian District, Beijing, 100191, Chins
%n: +B-10-62304633-250 _ ?

Tel: +B6- [ D-62304633-2512
E-mil: ctbichinattl com

Client :

Object

Calibration Procedure(s)

Calibration date:

This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(S1), The measurements and the uncertainties with confidence probability are given on the following
pages and are part of the cerificate.

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

Calibrated by;

Reviewead by

Approved by:

ﬂ d: April 1%, zm
1 of the laboratory
o2 Dbl ¢

'll'
This calibration certificate shall not be reprod !‘ except in full witho

¥ i
| [
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Appendix E: DAE and Probe Calibration Certificate

?  inColisboration with

T77. 2. 8. 8. 008 .

Add: No 52 HuaYuanHei Road, Haldian Distriet. Beijing. 100191, China
Tel: +Ra-10-62304633-2312 Fax: <86-10-62304635-2504
E=mal: citli@chinattl com Hitp:/fwwwi.chinatil.co
Glossary:
DAE data acquisition electronics

CAICT

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

Methods Applied and Interpretation of Param

ters:

« 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 |s assessed measuring the
angle mechanically by a tool inserted. Uncertainty is not required.

« The report provide only calibration results for [
performance test results.

DAE, it does not contain other
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Appendix E: DAE and Probe Calibration Certificate

P
—
,‘TTL

Add: No.52 HuaYuanBei Road, Haidian District, Befjing, 100191, China
Tel: ~86-10-62304633-2512

E-mail: cttl@chinatthoom

In Collaboration with

iR & A 8.

Foox: +86- | (6230463 3-2504
Hitp:/iwww.chinattl.cn

CAICT

DC Voltage Measurement
AD - Convarter Resolution nominal
High Range: 1LSB = BAuV full range = -1p0. 4300 mV
Low Range: 1LSB = ginv , full range = | P <
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sac
Callbration Factors X Y 2
High Range 406.337 + 0.15% (k=2) | 406.020 + 0/]15% (k=2) IDB.:'I?E + 0.15% (k=2)
Low Range 308608 £ 0.7% (k=2) | 3.99378 £ 0[7% (k=2) | 3984331+ 0.7% (k=2)
Connector Angle

Connector Angle o be used in DASY sysiem

185% 1%

30f12



Appendix E: DAE and Probe Calibration Certificate

1.2. Probe Calibration Certificate

(TTL;_.H.J_LL_"'“ U, a0~ s CAICT

Add: No,52 HuaYisalei Rond. Flasdian District, Beifing, 100191, China %
Tel: +B6-10-62308633-2117
E-mil; cribgichinaitl.com hwfwm=mm

Calibration Procedure{s)

mwlmmﬁmmmwwmnaMIMMmhmehl units of
measuraments(Sl). The measurements and Hummhiﬁuﬁhnwﬂnmmwmﬁwnmmafnﬂmm
pages and are part of the cerificate.

All calibrations have besn conducted in the closed laboratory facility. environment temperaturs 223 and
humidity=70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate Mo}  Scheduled Calibration
Power e nemn T T — N ONATAG by, Lartilcate No.) Sl e
Fower Meter NRPZ 101919 15-Jun-21{CTTL, Na.J21X04466) Jun-22

Power sensor  NRP-Z91 101547 15-Jun-21(CTTL, No.J21X04466) Jun-22
Power sensor  NRP-291 101548 15-Jun-21(CTTL, No.J21X04466) Jun-22
Reference 10dBAttenuator | 18NSOW-1008 20-Jan-21(CTTL. No.J21X004886) Jan-23
Reference 20dBAfienuator | 1BNSOW-20d8  20-Jan-21(CTTL, No.J21X00485) Jan-23
Refersnce Probe EX3DV4 | SN 7464 26-Jan-22(SPEAG, No EX3-7464_Jan22) Jan-23
DAE4 SN 1555 20-Aug-21(SPEAG, No.DAE4-1555_Aug21/2)  Aug-22

Secondary Standards o # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
T, - - , = - i
SignaiGenerator  MG37004 6201052605  16-Jun-21(CTTL, No.J21X04467)

Network Analyzer ES071C | MY46110673 14-Jan-22(CTTL, No J22X00408)

Himn
Calibrated by: Yu Zongying »

Ismund: May 23, 2022
mumum%mmmmmminummwamm

Certifirate Ma: Z22-60102 Page 1 of %
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Appendix E: DAE and Probe Calibration Certificate

TTI. s o o8 g CAICT

Add: Mo, 52 HuaYuanblei Rosd, Haidian District, Beijing, 100191, China
Tel: +86- 1 0-62304633-2117

E=mail; coibidchinastt].com hatp: v caiel. ac.on
Glossary:
TSL tissue simulating liquid
NORMzx,y,z sansitivity in free space
ConvF sansitivity in TSL / NORMx,y.z
DCP diode comprassion point
CF crest factor (1/duty_cycle) of the RF signal
AB.CD modulation dependent linearization parameters

Polarization @ @ rotation around probe axis

Polarization 8 6 rotation around an axis that is in the plane normal to probe axis (at measurement center)

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) 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 82209-1, “Measurement procedure for the assessment of Specific Absorption Rate (SAR) from
hand-hald and body-mounted devices used next to the sar {frequency range of 300 MHz to & GHz)",
July 2018

) IEC 62209-2, "Procedure to determing the Specific Absorption Rate (SAR) for wirsless communication
devices used in close proximity to the human body (frequency range of 30 MHz to & GHz)", March
2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to & GHz"

Methods Applied and Interpretation of Parameters:

s NORMYx,y 2 Assessed for E-field polarization 8=0 {fS800MHz in TEM-cell; > 1800MHz: waveguida).
NORMx,y.z are only intermediate values, i.e. the uncertainties of NORMx,y.z does not effect the

E* field uncertainty inside TSL (see below ConvF).

= NORM(fx,y.z = NORMx,yz* 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.

» DCPx vz 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 is the Peak to Average Ratio that is not calibrated but determined basad on the signal
characteristics.

= Axyz Bxyz CxyzVRx)zAB,C are numerical linaarization parameters assessed based on the
data of powear sweep for specific modulation signal. The parameters do not depend on frequancy nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

*  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f=800MHz) and inside waveguide using analytical field distributions based on
power measurements 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 giver.
These parameters are used in DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in T3L curresponds 1o NORMx,yz* ConvF whereby the uncertainty corresponds to
that given for CorwF. A frequency dependent ConvF is used in DASY version 4.4 and highar which
allows extending the validity from+50MHz ta+ 100MHz.

& Spharical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat
phantam exposed by a patch antenna.

=  Sensor Offset: The sensor offsat correspands (o the offset of virtual measurement center from the
probe tip {on probe axis). No tolerance required.

= Commecior Angle: The angle i1s assessed using the information gained by determining the NORMx
(e uncertainty required)

Certificatc Mo Z22<60102 Page 2 of 9
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Appendix E: DAE and Probe Calibration Certificate

&77 s 08 g CAICT

Addd: MNo.52 Hua'YuanBei Rond, Haidian District Beijing, 100091, China
Tel: +86- [ D-62304633-2117
E-mail; cttli@chinaitl.com hipewww.caicac.cn

DASY/EASY — Parameters of Probe: EX3DV4 — SN:7494

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm{pViWim)*)* 0.41 0.48 042 #10.0%
DCP{mV)® 99.2 100.0 100.2

Modulation Calibration Parameters

uo Communication A B c b VR UncE
System Name dB dB-pV dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 14568 | +1.9%
X 0.0 0.0 1.0 160.4
Zz 0.0 0.0 1.0 148.0

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

* The uncertainties of Nomm X, ¥, Z do not affect the E<-fisld uncertainty inside TSL {se= Page 4).

B Numerical linearization parameter: uncertainty not required.

E Uncertainly is determined using the max. deviation from linear response applying rectangular distribution
and is expressad for the square of the field value,

Certificate Mo2 22011 Page ¥ off o
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Appendix E: DAE and Probe Calibration Certificate

g—‘TTL s peag CAICT

Add: Mo.5T HusYusnBei Rood, Haldian District, Beijing. 100191, China
Tel: +86- 1623046332117
E-mail: cithchinanloom hitpoiwsw.caicac.cn

DASY/EASY - Parameters of Probe: EX3DV4 — SN:7494

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Condu Depth® | Unct.
el [ m‘:}’:" ConvF X | ConvF Y | ConvF Z | Alphat® {m':‘“'; e
750 419 0.89 1060 | 1060 | 1060 | 042 | 143 | £12.4%
835 45 0.90 1030 | 1030 | 1030 | 012 | 148 | +12.1%
1750 404 137 8.81 8.81 B8 | 026 | 082 | +12.1%
1800 400 1.40 8.45 8.45 845 | 025 | 104 | +121%
2000 40.0 1.40 842 8.42 842 | 0.26 | 108 | £124%
2300 395 1.67 8.25 8.25 825 | 062 | 083 | £12.4%
2450 9.2 1.80 7.90 7.90 790 | 041 | 084 | £121%
2600 39.0 1.96 7.65 7.65 7656 | 049 | 078 | +12.1%
5250 36.8 471 5.61 5.61 561 | 050 | 1.20 | £13.3%
5600 355 5.07 5.01 5.01 501 | 0456 | 138 | t13.3%
5750 364 5.22 4.97 497 497 | 050 | 1.30 | +13.3%

¢ Frequency validity above 300 MHz of +100MHz anly appées for DASY va.4 and higher (Page 2), else i is restricted to
+50MHz. The uncerainty is 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 assassments at 30, 64, 128,
150 and 220 MHz respectively. Above 5 GHz frequency validity can be extendad 1o £ 110 MHz.

FAL frequancy below 3 GHz, the validity of tissus parameters (£ and o) can be relaxed to £10% if liguid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz. the validity of tissue parameters (¢ and o is
rastricted to £5%. The unceriainty is the RSS of the ConvE uncertainty for indicated target fissue parametars.

% 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 balow £ 2% far the frequencies
between 3-6 GHz at any distance larger than haif the probe tip diameter from the boundary.

Cartificate No:Z22-60102 Page 4 of &
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Appendix E: DAE and Probe Calibration Certificate

{TTE spewag CAICT

Add; MoSZ HunYuanBe Hoad, Haidian District, Beijing. 100191, China
Tel: +B6- 1623046332117
E-mail: cithigichinutil.com hips e calet ac.cn

Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: +7.4% (k=2)

Centificate No:£22-60102 Page 5 of 9
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Appendix E: DAE and Probe Calibration Certificate

TTL s b esg CAICT

Add: Mo. 52 Hea YusniBei Rood, Haidian District, Belj 100191, China
Tel; +86- |0-62304633-2117 e
E-mail: citl ichinattl.com hitpeffwwwcaictac.on

Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uneertainty of Axial lsotropy Assessment +1.2% (k=2)
Certifioate Mo:Z22-60102 Page 6ol 4
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Appendix E: DAE and Probe Calibration Certificate

m' In Collsborstion with
QIZLs b e a g CAICT

Add: Mo.32 HuaYuanBei Resd, Haidian Disirict, ing, 100191
Tel: +86-10-62304633-2 117 - o
E-mail: cttbinchinast], com hatp:fwww caiet.ac.on

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

Input Signal[uv]

[ e notcompenssted 5 compengated |
Uncertainty of Linearity Assessment: +0 9% (k=2)
Certificate NoZI2-60102 Pige 7 of &
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Appendix E: DAE and Probe Calibration Certificate

s peag CAICT

Add: Mo 52 HunYiaanBei Road, Haidian District, Befjing. 100191, China
Tel: #B6- 1-62304633.2117
E-mail: eiilidehinanl.com hip:fwwwealetac.cn

Conversion Factor Assessment
f=750 MHz,WGLS R9(H_convF) f=1750 MHz,WGLS R22(H_convF)
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inaytica| " masred prosytice ‘meamred
A0 -0.80 080 940 030 00 020 040 OB0 080 10
Uncertainty of Spherical Isotropy Assessment: +3.29, (k=2)
Certificate No:Z22-60102 Page & ol &
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Appendix E: DAE and Probe Calibration Certificate

;""“‘TTL s peag CAICT

LABORATORY

Addl: No.52 Hua'YuanBei Rosd, Haidian Disisic, Beliing. 100091, China
Ted: +R6-10-62304633-2117
E-mail: ertlafchinatt] com Ittpefwww, cadct s on

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7494

Other Probe Parameters
Sensor Arrangement l Triangular b
Connector Angle (°) 224
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 33Tmm
Probe Body Diameter 10mm
Tip Length Smm
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 i:.-lihraﬁnn Point imm
Ifnmmm-ndnd Measurement Distance from Surface 1.4mm _J
Certificate No-727-60]02 Fape o uly

12 0f 12



Appendix C: Dipole Calibration Certificate

1.1. D835V2 Dipole Calibration Certificate

Calibration Laboratory of \{\'_',}/, Schweizerlscher Kalibrierdienst
Schmid & Partner ot g Service suisse d'étalonnage
Engineering AG s Servizlo svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland s ,'/,/Tx?‘\..? S  swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swisa Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates
Client CCIC-HTW (Auden) Certificate No: DB835V2-4d238_Feb18
K:ALIBRATION CERTIFICATE
Object D835V2 - SN:4d238
Galibration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibraticn date: February 19, 2018

This calibration certificate documents the traceabiity to national standards, which realze the physical unis of measuremants (S1).
The measurements and the uncertalnties with confidence probability are given on the following pages and are part of the cenificate.

All calibrations have besn cenducied in the clogad laberatory facillty: environmant temperature (22 + 3)°C and humidity < 70%.

Calibration Equgenent used (METE critical for calibration)

Prmary Standards 1D # Cal Date {Centificate No.) Schaduled Calibration

Power meter NRF SN: 104778 04-Apr-17 (No. 217-02521/02522) Apr-18

Power sansor NRP-Z91 SN 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sensor NAP-Z31 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18

Reterence 20 dB Attenualer SN: 5068 (20k) 07-Apr-17 (No, 217-02528B) Apr-18

Type-N mismatch combination SN; 5047.2 / 06327 07-Apr-17 (No. 21702529) Apr-18

Reference Probe EX3DV4 SN: 7348 30-Dec-17 (No. EX3-7349_Dec17) Dec-18

DAE4 SN: 601 26-Oct-17 (No. DAE4-601_Cet17) Oct-18

Secondary Standards [ip# Check Date (in house) Schaduled Check

Power meter EPM-4424 | sN; GB37480704 07-Oct-15 (In house check Oct-16) In house check: Oct-18

Power sensor HP B481A SN: US37292783 07-0c1-15 {in house check Oct-16} In house check: Oct-18

Power sensor HP 8481A SN: MY41092317 07-0Oct-15 (in house check Qct-16) In house chack: Oct-18

RF generator R&S SMT-06 SN: 100972 16-Jun-15 {in house check 0ct-16) In house check: Oct-18

Network Analyzer HP 8763E SN: US373905685 18-0cl-01 {in house check Oct-17) In house chack: Oct-18
Name Function Signature

Calibrated by Michael Webar Laboratory Teehnician

Approved by: Katja Pokovic Technical Manager /ZK /’g

Issued; February 19, 2018
This cakbration cerificata shall not be reproduced excep! i full without written approval of the laberatory, J

Cerlificate No: DB35V2-4d238_Feb18 Page 1 0of 8
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Appendix C: Dipole Calibration Certificate

Calibration Laboratory of \\&L/Z,, g Schweizerischer Kalibrierdienst
Schmid & Partner 2 c Service suisse d'étalonnage
Engineering AG L~ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ] ,‘ﬁ\\s‘ S swiss Calibration Service
Accradited by the Swiss Accraditation Sarvice (SAS) Accreditation No.: SCS 0108

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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢) 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) KDB 865664, “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. Al figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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%.

Centificate No: D835V2-4d238_Feb18 Page 2 of 8
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Appendix C: Dipole Calibration Certificate

Measurement Conditions
DASY system configuration, as far as not given on page 1A
DASY Version DASY5 V52.10.0
Extrapolation Advanced Extrapolation
Phantom Medular 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 220°C 415 0.80 mho/m
Measured Head TSL parameters (22.0+02) °C 412+£6% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C - een
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.42 Wikg

SAR for nominal Head TSL parameters

normalized to TW

9.51 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 6.15 W/kg + 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 mha/m

Measured Body TSL parameters (22.0+0.2) °C 55.0+6% 0.69 mho/m =6 %

Body TSL temperature change during test <05°C R e
SAR result with Body TSL

SAR averaged over 1 cm? (1 g) of Body TSL Condition

SAR measured 250 mW input power 2.45 Wikg

SAR for nominal Body TSL paramelers normalized to 1W 9.64 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.60 Wikg

SAR for nominal Body TSL parameters normalized to TW 6.32 W/kg = 16.5 % (k=2)
Certificate No: D835V2-4d238_Feb18 Page 30f 8
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Appendix C: Dipole Calibration Certificate

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5080Q-402
Return Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4760-6.0jQ
Return Loss -236dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) | 1.391 ns j

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, bacause they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on June 02, 2017
Certificate No: D835V2-4d238_Feb18 Page 4 of 8
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Appendix C: Dipole Calibration Certificate

DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d238

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

Medium parameters used: f = 835 MHz; ¢ = 0.92 S/m; & = 41.2; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Dipole

Probe: EX3DV4 - SN7349; ConvF(9.9, 9.9, 9.9): Calibrated: 30.12.2017;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Measurement grid: dx=5mm, dy=5Smm, dz=5mm
Reference Value = 62.44 V/m; Power Drift = -0.03 dB
Peak SAR (extrapolated) = 3.69 W/kg

SAR(1 g) = 2.42 W/kg; SAR(10 g) = 1.56 W/kg
Maximum value of SAR (measured) = 3.25 W/kg

0dB =3.25 W/kg =5.12 dBW/kg

Date: 19.02.2018

Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Certificate No; D835V2-4d238_Feb18 Page 50of 8
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Appendix C: Dipole Calibration Certificate

Impedance Measurement Plot for Head TSL
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Appendix C: Dipole Calibration Certificate

DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d238

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

Medium parameters used: f =835 MHz; o = 0.99 S/m; £ = 55; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:

«  Probe: EX3DV4 - SN7349; ConvF(10.05, 10.05, 10.03); Calibrated: 30.12.2017;

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

« Electronics: DAE4 Sn601; Calibrated: 26.10.2017

« Phantom: Flat Phantom 4.9 (Back); Type: QD OOR P49 AA; Serial: 1005
. DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 19.02.2018

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=Smm, dy=5mm, dz=5mm
Reference Value = 60.24 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 3.70 W/kg

SAR(1 g) = 2.45 W/kg; SAR(10 g) = 1.6 Wikg
Maximum value of SAR (measured) = 3.21 Wikg

0dB =3.21 W/kg =5.07 dBW/kg

Certificate No: D835V2-4d238_Feb18 Page 7 of 8
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Appendix C: Dipole Calibration Certificate

Impedance Measurement Plot for Body TSL
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Appendix C: Dipole Calibration Certificate

Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head-835
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2018/2/19 -27.8 50.8 -4.0
2019/2/3 -27.1 2.52% 49.9 0.9 -3.6 0.4
2020/1/22 -26.9 3.24% 50.2 0.6 -3.7 0.3

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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Appendix C: Dipole Calibration Certificate

1.2. D1750V2 Dipole Calibration Certificate

Calibration Laboratory of g“{(}'}""x} g Schweizerischer Kalibrierdienst

Schmid & Partner % c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland NG S swiss Calibration Service

Fa R
il W

Accredited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  CCIC-HTW (Auden) Centificate No: D1750V2-1164_Feb18
CALIBRATION CERTIFICATE

————
Cbject D1750V2 - SN:1164
Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibration date: February 06, 2018
This callbration certificate documents the traceability to national standards, which realize the physical unite of measurements (S1).
The measurements and the unceralnties with confidence probability are given on the following pages and are part of the cenificate.
All calibrations have been conducied i the diceed laboratory facility: envirenment tamperature (22 + 3)°C and humidity < 70%.
Callbration Equipment used (M&TE critical for calibration)
Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-17 (No, 217-02621/02522) Apr-18
Power gansor NRP-Z91 SN: 103244 04-Ape-17 (No. 217-02521) Apr-18
Power sensor NAP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr-18
Referance 20 9B Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18
Type-N mismatch combination SN: 5047.2 / 06327 07-Apr-17 (No, 217-02528) Apr-18
Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7348_Dect7) Dec-18
DAE4 SN: 81 26-0c1-17 (No. DAE4-601_Oct17) Oct-18
Secondary Standards |10 # Chec Date (In house) Scheduled Check
Power meter EPM-442A | SN: GB37480704 07-Oct-15 (in house check Oct-16) In housse check: Oct-18
Power sansor HP 8481A SN: US37292783 07-0ct-15 (in house check Oct-16) In house check: Cct-18
Power sensor HP 8481A SN: MY41092317 07-0¢1-15 {in house check Oct-18) In house check: Cct-18
RF generalor A&S SMT-06 SN: 100872 15-Jun-15 (In houss check Oct-16) In house check: Oct-18
Network Anatyzer HP 8753E SN: US37380585 18-0ct1-01 (i house check Oct-17) In house check; Oct-18
Name Function Signature
Calibrated by; Laif Klysner Laboratory Technician W_,
Approved by: Katja Pokovic Technical Manager 5%
Issued: February 6, 2018
This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D1750V2-1164_Feb18 Page 10of 8
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Appendix C: Dipole Calibration Certificate

Callb(ation Laboratory of s\\‘\'.“w",'/",,; Schweizerischer Kalibrierdienst
ScEr|de & E’ar‘tr:g % s Service suisse d'élalonnage
o ;gmef'r:\% A f? —— § Servizio svizn_to di ul.alun
usstr. , Switzerland Y, 6/‘,/‘\‘\_ R Swiss Calibration Service
Accreditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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.

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: D1750V2-1164_Feb18 Page20of 8
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Appendix C: Dipole Calibration Certificate

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 401 1.37 mho/m
Measured Head TSL parameters (22.0=0.2)°C 39.4+6 % 1.35 mho/m £ 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Ceondition
SAR measured 250 mW input power 9.11 Wikg
SAR for nominal Head TSL parameters normalized to 1W 36.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 4.83 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 19.4 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 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+0.2)°C 535+6% 1.46 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.06 W/kg
SAR for nominal Body TSL parameters normalized to 1W 36.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.84 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.5 W/kg = 16.5 % (k=2)

Certificate No: D1750V2-1164_Feb18
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Appendix C: Dipole Calibration Certificate

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.1Q-01jQ
Return Loss -39.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4620-1.3jQ
Retum Loss -27.6dB

General Antenna Parameters and Design

I Electrical Delay (one direction) | 1.216ns

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 antanna 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 dipele arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 07, 2016
Certificate No: D1750V2-1164_Feb18 Page4of 8
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Appendix C: Dipole Calibration Certificate

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1164
Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: = 1750 MHz; o = 1.35 S/m; & = 39.4; p = 1000 kg/m*

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

DASYS52 Configuration:

.

Probe: EX3DV4 - SN7349; ConvF(8.5, 8.5, 8.5); Calibrated: 30.12.2017;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Date: 06.02.2018

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 106.4 V/m; Power Drift = -0.09 dB
Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) = 9.11 W/kg; SAR(10 g) = 4.83 W/kg
Maximum value of SAR (measured) = 14.0 W/kg

0dB = 14.0 W/kg = 11.46 dBW/kg

Certificate No: D1750V2-1164_Feb18 Page 5 of 8
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Appendix C: Dipole Calibration Certificate

Impedance Measurement Plot for Head TSL
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Appendix C: Dipole Calibration Certificate

DASYS5 Validation Report for Body TSL

Date: 06.02.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1164

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; o = 1.46 S/m; & = 53.5; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvEF(8.35, 8.35, 8.35); Calibrated: 30.12.2017;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 26.10.2017
o Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
» DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

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

Reference Value =99.62 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 16.0 W/kg

SAR(1 g) = 9.06 W/kg; SAR(10 g) = 4.84 W/kg

Maximum value of SAR (measured) = 13.1 W/kg

0dB =13.1 W/kg=11.17 dBW/kg

Cartificata No: D1750V2-1164_Feb18 Page 7 of 8
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Appendix C: Dipole Calibration Certificate

Impedance Measurement Plot for Body TSL
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Appendix C: Dipole Calibration Certificate

Extended Dipole Calibrations

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dB, within 20% of prior calibration),
and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the
calibration interval can be extended.

Head-1750
Date of Real Impedance Delta Imaginary Delta
Return-loss (dB) | Delta (%) )
measurement (ohm) (ohm) impedance (ohm) (ohm)
2018/2/6 -39.2 511 -0.1
2019/2/3 -38.6 1.53% 50.7 0.4 -0.8 0.7
2020/1/22 -38.4 2.04% 50.5 0.6 -0.6 0.5

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 50hm of prior calibration.

Therefore the verification result should support extended calibration.
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Appendix C: Dipole Calibration Certificate

1.3. D2450V2 Dipole Calibration Certificate

. - W,

ga'!"b':a“o; Laboratory of gx‘@/’zz S Schweizerischer Kalibrierdienst
cl m!d & ~artner z ¢ Service suisse d'étalonnage
Engineering AG £ & Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland 24@‘\} S Swiss Calibration Service

Accradited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

CCIC-HTW (Auden)

Accreditation No.: SCS 0108

Client Certificate No: D2450V2-1009_Feb18

CALIBRATION CERTIFICATE
b \

Ceject D2450V2 - SN:1009

Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date:

February 05, 2018

This calibration certificate documeants the traceability fo nationat standards, which realize the piysical units of Mmeasurements {SI).
The measurements and the unceralnties with confidence probabilty are given on the follewing pages and are parn of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment usad (M&TE critical for callbration)

Primary Standards o Cal Data (Centificate No.) Scheduled Calibration

Power meter NRP SN: 104778 C4-Apr-17 (Ne. 217-02521/02522) Apr-18

Powar aensor NRP-791 SN: 103244 04-Apr-17 (No. 217402521) Apr-18

Power senaor NRP-291 SN: 103245 04-Apr-17 (No, 217-02522) Apr-18

Rsferenca 20 dB Attenuator SN: 5058 (20k) 07-Apr-17 (No. 217-02528) Apr-18

Type-N mismatch combination SN; 5047 2 / 06327 07-Apr-17 {No. 217-02520) Apr-18

Referance Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dect 7 Dec-18

DAE4 SN: 601 26-0ct-17 (No. DAE4-601 Oct1 7) Cet18

Secondary Standards [i0¢ Check Date (in house) Scheduled Check

Power meter EPM-4424, | SN: GB37480704 07-0ct-15 (in houge chack Qet-16) In house check: Oct-18

Power sensor HP 8481A SN: US37202783 07-0¢t-15 {in house check Qct-16) In house check: Oct-18

Power sensor HP B481A SN: MY41092317 07-0ct-15 (in house chack Oct18) In houss check: Oct-18

AF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house chack Oct-16) In house check: Oct-18

Netwerk Analyzar HP 8753E SN: US37390585 18-0c1-01 (In heuse check Oct-17) In house check: O¢t-18
Name Function Signature

Calibratod by: Laif Klysner Laboratory Techaiclan W %

Approved by: Kaltix Pokowic Technical Manager

AT A

Issued: February 6, 2018

| This calibration certificate shall nol Be repreduced except In full withou! written approval ¢f the labaratory.

Certificate No: D2450V2-1009_Feb18
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Appendix C: Dipole Calibration Certificate

T ~ 3 R "
Callbljatlon Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG s Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland "’—,,,,’,—\//?\\F Swiss Calibration Service
ol
Accredited by the Sviss Accredifation Service (SAS) Accreditation No.: SCS 0108

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 1528-2013, “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, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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

Additional Documentation:
e) DASY4/5 Systern 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.

parallel to the body axis.

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

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

* SAR measured: SAR measured at the stated antenna input power,

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

* 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: D2450V2-1009_Feb18 Page 2 of 8
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Appendix C: Dipole Calibration Certificate

Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASYs V52.10.0

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mha/m

Measured Head TSL parameters (22.0+0.2) °C 379+6% 1.87 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 13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

51.5 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.13 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters {22.0+02)°C 514+6% 2.04 mho/m + 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 em? (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.7 Wikg
SAR for nominal Body TSL parameters normalized to 1W 49.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.92 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.3 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-1009_Feb18
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Appendix C: Dipole Calibration Certificate

Appendix (Additional assessments outside the scope of SCS 01 08)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 538Q+22j0

Return Loss -274dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 439Q+46iQ
Retum Loss -26.7 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) ] 1.152 ns ]

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

*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according fo 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 October 17, 2017
Certificate No: D2450V2-1008_Febia Page 4 of 8
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Appendix C: Dipole Calibration Certificate

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1009

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

Medium parameters used: f = 2450 MHz; 6 = 1.87 S/m: &, = 37.9; p = 1000 kg/m’?
Phantom section: Flat Section

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

DASYS52 Configuration:

* Probe: EX3DV4 - SN7349: ConvF(7.88, 7.88, 7.88): Calibrated: 30.12.2017;

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

* Electronics: DAE4 Sn601; Calibrated: 26.1 0.2017

* Phantom: Flat Phantom 5.0 (front): Type: QD 000 P50 AA: Serial: 1001
* DASYS52 52.10.0(1446); SEMCAD X 14.6. 10(7417)

Date: 05.02.2018

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 111.8 Vim; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 26.6 Wikg
SAR(1g)=13.2 Wikg; SAR(10 g) = 6.13 Wikg
Maximum value of SAR (measured) = 2(.5 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00
0dB =20.5 Wrkg = 13.12 dBW/kg

Certificate No: D2450V2-1009 Febi8 Page5c¢f8

23 of 36



Appendix C: Dipole Calibration Certificate

Impedance Measurement Plot for Head TSL
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Appendix C: Dipole Calibration Certificate

DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1009

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

Medium parameters used: f = 2450 MHz: o = 2.04 Sim; g =51.4; p = 1000 kg/m*
Phantom section: Flat Section

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

DASY52 Configuration:

* Probe: EX3DV4 - SN7349: ConvF(8.01, 8.01, 8.01 ); Calibrated: 30.12.2017:
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 26.10.2017

* Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.0(1446); SEMCAD X 14.6. 10(7417)

Date: 05.02.2018

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0):

Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 104.2 V/m: Power Drifl = -0.09 dB
Peak SAR (extrapolated) = 25.5 Wikg

SAR(I g) = 12.7 W/kg; SAR(10 g) = 5.92 Wikg
Maximum value of SAR (measured) = 19,7 Wikg
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