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6.1. 3292 Probe Calibration Certificate

Calibration Laboratory of

§ Schweicerischer Halibrisrdienst
Schmid & Partner G Service sulsse d'étaionnage
ing AG S Servizia svizzers di teraturs
Zzughausstrasse 43, 3004 Zurich, Switzeriand Swiks Calitwation Service

Accradiad by he Swias Accredtonon Samioe {SAS)
The Swiss Accroditition Ssrvice IS one of INe signatories 10 the EA
Multilsteral Agresment for the recognition of calibration ceriificates

Acerocitstion No: SCS 0108

Clismt

Calbration cate:

Tris caiibraton cortficats documerts the tacesbivty Io rasonal standards. which reaize the physcal uniis of messureman's (SI)
Trhe meszuremens and the urcenainhes with corfidencs prodabilny @s gven o Ins oflowing pages a0 arS pant of tha cenficats

All calibrations have been conducied m the cicted boratory facity. evwroament temperature (22 ¢ 31°C and hymudity « T0%.

Catibranon EQUpmant usad (MATE cnness ior castrason)

Primary Standaercs iD Cal Distw (Certficate No ) Scherued Catbration
| Poner meter NRP 104778 D-Aal-1E (N 217 02286000267) Ape-17
Power sensor NRP-291 SN 103284 05-Apr-16 (Ne. 217-02288) 17
Power sensor NRP-281 EN. 103245 08 Agr-16 (Ne. 217-02289) Agr 17
Roferonco 20 6B Atienusior | SN: S5277 (20%) 05-Apr-18 (No. 217-02293) Ape1T
Selerence Probe ESIND SN: 3013 31-Dsc-15 [N, ES3-3013_Dects) Dec-16
DAgd SN 850 Z3.000-15 (ND. DAES-H60_02c15] D816
Saroriiery Stancats D Check Date (n houss) Schaouted Check
Somet rstes £44158 SN GB4 1263874 08-Acr-16 (i bouse chack urt10) | 1n houss cheek: Jun-18
Power sensor E4312A SN: MY4 1453087 OB-AD~16 (i bouse cheok Jur-15) In nouss check: Jun-15
Power sensor E44124 SN: 000114210 06-Apr-16 {in hovss sheck Jun-13) in houss check: Jun-10
| RF ganerstor HP B648C SN; US3642U01700 O4-Ausz 99 (1 housa check Jun. 16) in houss check: Jun-18
Motwork Arslyzer HP 37538 | SN: US3T3008885 18-0ct-01 (19 houss sheck Oct-15) In houss check: D13
Caibrated by
Approves! by

This calibration certificate shal not be TSprOCUCed SEoapT 1 AUl winait wrtier spproval of the Storatery.

Ceriificate No: ES3-3292 Bep'8
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Calibration Laboratory of A& S Schwomencehor Kalibrisrdienst
Schmid & Partner = C  Servies sussa cemsionnags
Engineering AG : g Servisio svisero df trstura
Zeughausstrasse 43, 0004 Zurich, Bwitrerland ffﬁ}f Swiss Caiibration Service
Accredited by he Swins Accredintion Service (SAS) Ascreditation No.: SCS 0108

The Swiss Ascreditation SBervice is one of tho signatones to the EA
Nultitateral Agreemant for the recognition of c3EDrstion certmcses

Glossary:

NORMx.y.2 sansitvity In free space

ConvF sensitivity in TSL / NORMx.y.z

oGP diode compression point

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

A BCD modulation depandent linearization parameters

Polarization o @ rotation argund probe axis

Polarization 5 4 rotation around an axis thal is in the plane normal to probe axis (at measurement center),
i.e.. & = 0 is normal to probe axis

Connector Angle information used n DASY system to aiign probe sensor X 1o the robot coordinale system

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1526-2013, "IEEE Recommanded Practica for Determining the Peak Spatigi-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wirelass Communications Devices: Measurement
Tachniques®, June 2013

b) IEC 62208-1, "Procedure to measure the Specific Abeorption Rata (SAR) for hand-heid devices used in Close

10 the ear {frequency range of 300 MHz to 3 GHz)", February 2005

c) [EC 622082, *Procedure fo determine the Spacific Absarption Rate (SAR) for wireless communication dovices
used in close proximity 10 the human body (frequency range of 30 MHz 1o 6 GHz)*, March 2010

g) KDB 865684, “SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

o  NORMy.y.2: Assessed for E-fiold polarization § = 0 (f < 900 MHz in TEM-cell. f > 1800 MHz: R22 wavaguids).
mﬂux.y.zmnrwWmt.e..Mumﬁmhsdmy.zdmnﬂMhE'M
uncertainty inside TSL (see below ConvF),

o NORM{fix.y.r = NORMx.y.z * frequency_response [see Frequency Response Chan). This linearization is
implemented in DASY4 software versions kater than 4.2. The uncanainty of the frequency response s included
in the statad uncertainty of ConvF.

. MJIMPmMWWMMMNMdmmmN
signal (n¢ uncertainty required), DCP does not depend on frequency nor media.

s PAR: PAR is the Peak to Average Ratio that ks not calibrated but determined based on the signal
charactenstics

e« Axyz Bryz Cxy.z Dxy.z VRzyz A B, C, Dare numerical inearization parametars assessad basad on
the data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
media. VR is the maximum calbration range sxpressed in RMS voitage across tha dicde.

« ConvF and Boundary Efoct Parameters: Assesaed n fiat phantom using E-field (or Temperature Transfar
Standard for f < 800 MHz) end inside waveguide using analytical fieid distributions based on power
measuremants for > 800 MHz. The same salups are used for assessment of the paramelers applied for
boundary compensation (alpha, depth) of which typical uncerlainty vaives are gven, Those parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORM?y.y,z * ConvF whereby the uncartainty corresponds fo that given for Conv®. A frequency
ComF is ussd In DASY version 4.4 and higher which allows axtending tha vaiidity from £ 50 MHz to = 100
MHz.

« Spherical isotropy (30 deviation from isotropy): In a field of low gradients reafized using a flat phantom
exposed by & patch antanna

» Seasor Offsst. The sensor offset corresponds to the offse! of virtual measurement center from the probs tip
{on probe axis). No tolerance required.

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

Cerifficate No: ES3-3292 Sepé Pago 20t 11
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ES3DVI - BN2252 September 2, 2010

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Repaired: August 29, 2016
Calibrated: September 2, 2016

Calibrated for DASY/EASY Systems
(Nots: non-compatila with DASYZ systami)

Ceriificate No. ES3-3202_Sep16 Page 3 of 11
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ES3OV3A- SN-3292 Saplamber 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters
i Sensor X Sensor ¥ Sensor Z Une (k=2) |
| Nomm (uVi(Vim)') 0.94 0.95 053 £10.1% |
LDCP (mV)" 1057 1012 7 |
Modulation Calibration Parameters
uio Communication System Name A B c D VR Unc:
a8 dB Vv dB i (=2}
0 cw X 00 0o 10 000 | 2056 | 235%
Y 00 LE) 1.0 2126
zZ| oo 00 1.0 204.7

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 o a coverage
probability of approximately 95%.

:mmumxvrmmmh&'mmmm(mmsuel

Numercal ineanzation parametec uncertanty nol reoused
£ Uncenainty & determingd using e max. devistion fom lnesr resgonse applying rectangulsr detribution snd e axpressed for the squars of he
feg vaue.

Certificate No: £53-3282_Sepl8 Page 4 of 11
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ES30V3- Sh.a2a2 Seplambar 2, 2016

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

I {MHz) © m"._g.-:;,'r lw| ConvF X wvl ConvF Z | Alpha® m‘ g::) _
450 435 i 0.87 7.12 7.2 7.12 020 130 | e133%
750 418 0.89 6.75 6.76 6.78 0.80 119 | 2120% |
835 415 0.80 653 853 653 043 1.64 £120%
800 Nns 0.97 5.40 6.40 840 053 143 | =2120%
1750 40.1 137 5.54 554 554 | 080 | 115 | £120%
1800 40.0 1.40 5268 526 5.26 0.55 1.47 +120%

2450 392 180 4.97 4.97 497 0.64 141 | =120%
2600 30 | 1% 477 | 477 | am | om0 | 128 | s120%

£ Frequency valldity above 300 MHI of = 100 MHz only applies for DASY vd.4 and highet {see Page 2), sise 1 ia reetrictod 10 2 50 MiHz. The

i5 the ASS of tha ConvF uncertainty at calitbriion fraquancy and ine uncanainly for Fie indicaled frequency band. Frequancy valicity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF sesectemnants ot 30, 54, 158, 150 and 220 MH1 reapectively. Above 5 GHz fmquency
validity can be exterded 10 = 110 MH
¥ At Hisquaneias baiow 5 GHz. Iha valeity of lissus pazamaters (¢ and o) can be relaxsd 10 = 10% If liguid compensation fomiss (6 applied 1o
measurad SAR valusa. At frequencies above 3 GHz, 1he validity of recue parametars (r and o) is restilcted 1o « 5% The uncarisnty s the RSS of
the Cor® unceniaity for indicated target tissus parameters.
i are deternined g calxation. SPEAG wananis (hal the remaining deviation due to e boundary effect altar componsation &
staaye lees than = 1% for frequencies below 3 GHE snd Delow + 7% for trequencies between 3-8 (iriz at any distance larger than haF the probe tio
diamater from the beundary,

Certificate No: £53-3292_Sep18 Page5ot 11
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

| 1(mmz)© p.."f'.::.‘::,' w ConvEX | ComPY | Convez Alpha® m‘ oe2)
450 56.7 094 7.33 733 733 | 013 | 150 | £133%
750 555 098 825 | 825 825 | 038 | 166 | £120%
835 552 097 827 627 627 | 047 | 158 | +120%
900 §5.0 1.05 5.18 618 618 | 080 | 115 | +120%
1780 634 1.49 528 528 528 | 070 | 138 | #120%
1800 633 1.52 5.05 5.05 505 | 064 | 144 | £120%

| 2450 sar 1.95 4.70 470 470 | 0ra | 122 | s120%

| 2600 525 2.16 4.52 4.52 4.52 080 | 113 | s120%

‘rmmmmm:d:mmmmumrunummwnmumu:wmm
uhcanaiely 5 s RES of the CorvF uncerninty st epibration froquency and the uncertanty for the indicated frequency band. Fraquency valoity
Do 300 MMz Is = 10, 25, 40, 30 and 70 M: lot Con™ assasamenes o 30, B4, 126. 150 and 220 MH2 racpectively. Abave & GHz frecuency
valdity can be extended to + 110 MHz )

T At frequencios baiow 3 GHy, the validity of tissus paramessss (« and o) can be relawd to 2 10% i fguid comosnsation formula is opplied 1o
meszured BAR values. Al vequancice 3bowa 3 GHZ. the vaidity of tesus PRraTaters (¢ @no o) I§ FesTvred o+ 3% The wenainty s e RSS o
g-mumhuu-dwumm

AlphaDepth are detarmined during caibration. SPEAG wamants that the remarning Gevtason Oue 1o the boundary efiect aNer compensation |
alwearys less than = 1% lor bequencies below 3 Gtz and below & 2% for freguencies betwean 3.8 GHz & ony distance larger than AT e prode tp
dameter 40m e boundary

Certificate No: ES3-3262 _Sepi0 Page 6of 11
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ES3DV3- EN-3282 Septamber 2, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncartainty of Frequency Responsa of E-field: 1 6.3% (k=2)

Certificata No- ES3-3202_Sep16 Paga7of 11
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ESaDV3- SN3z92 Sepismber 2, 2018

Receiving Pattern (¢), 8 = 0°

=800 MHz TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Certificats No: ES3-3202_Sep16 Page 8of 11
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i

Saptornber 2, 2016

ESJDV3-5N.3292

Dynamic Range f(SARpead)
(TEM cell , fovar= 1900 MHz2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Page Sof 11
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ES30V3- SN3292

Report No.: MTi170712E113

Soptembdar 2, 2018
Conversion Factor Assessment

f = §00 MHZ WGLS R® (H_comfF) f= 1750 MHz. WGLS R22 (H_comf)
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Uncartainty of Spherical lsotropy Assessmont: £ 28% (k=2)

Cartificate No: E$3-3202_Sep16 Page 10 of 11
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6.2. 3836 Probe Calibration Ceriticate

L
. N PERUT
JTT s p e 8 9 jaswh CNAS
CALIBRATION LABORATORY = =
7N CALIBRATION
Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, Ching Loyl A CNAS L0570
Tel: +86-10-62304633-2218  Fax: +86-10-62304633-2200
E-mail: cttl@chinattl.com Himp: www chinanl cn

Client Sunway Certificate No: Z16-97101

Object EX3DV4 - SN:3838

Calibration Procedure(s) FD-Z11-2-004-01

Calibration Procedures for Dosimetric E-field Probes

Calibration date: July 07, 2016
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 temperature22+3c and
humidity<70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

Power Meter NRP2 101919 27-Jun-16 (CTTL, No.J16X04777) Jun-17

Power sensor NRP-Z91 | 101547 27-Jun-18 (CTTL, No.J16X04777) Jun-17

Power sensor NRP-Z91 | 101548 27-Jun-16 (CTTL, No.J16X04777) Jun-17

Reference10dBAttenuator | 18N50W-10dB  13-Mar-16(CTTL, No.J16X01547) Mar-18

Reference20dBAttenuator | 18N50W-20dB  13-Mar-16(CTTL, No.J16X01 548) Mar-18

Reference Probe EX3DV4 | SN 3617 26-Aug-15(SPEAG No.EX3-3617_Aug15)  Aug-16

DAE4 SN 1331 21-Jan-16(SPEAG, No.DAE4-1331_Jan16) Jan-17

Secondary Standards D# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration

SignalGeneratorMG3700A | 6201052605  27-Jun-16 (CTTL, No.J16X04776) Jun-17

Network Analyzer E5071C | MY46110673  26-Jan-16 (CTTL. No.J16X00894) Jan -17

Name Function Signature
Calibrated by: i et SAR Test Engineer _'&- %
Refiswnd by Qi Dianyuan SAR Project Leader 3558
Approved by: Lu Bingsong Deputy Director of the laboratory ’M?T 1
f

Issued: July 08| 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory. [

Certificate No: Z16-97101 Page 1 of 11
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" In Collabaration with
CALIBRATION LABORATORY
Add: No.51 Xucyuan Road. Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209

E-mail: cttl@chinattl.com Hutpewww. chinatl o
Glossary:
TSL tissue simulating liquid
NORMyx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB,CD 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), i
' 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 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 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"

Methods Applied and Interpretation of Parameters:

+ NORMx,y z: Assessed for E-field polarization 6=0 (fS800MHz in TEM-cell; > 1800MHz: waveguide).
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(f)x,y,z = NORMx.y.z* frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF.

e DCPx,yz: DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncertainty required). DCP does not depend on frequency nor media.

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

o  Axyz Bxyz Cxyz:VRxyzAB.C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fs800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >B00MHz. 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.

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

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

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

Certificate No: Z16-97101 Page 2 of 11
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ﬁ’ In Coﬂmmnewrm

Add: No.51 Xucyuan Road. Haidian District. Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail: enl@chinattl.com Hup:'www.chinattLen

Probe EX3DV4

SN: 3836

Calibrated: July 07, 2016
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: Z16-97101 Page 3 of 11
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r\' In Coflaboration with
‘TTL! p e a g

Add: No.51 Xueyuan Road. Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: <86-10-62304633-2209
E-mail: cttl@chinattl.com Hup.'www.chinatil.en

DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3836

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pV/(Vim)?)* 0.40 0.46 0.43 +10.8%
DCP(mV)® 93.2 100.2 98.0

Modulation Calibration Parameters

uID Communication A B e D VR Unc®
System Name dB dB/pV | dB mV (k=2)
0 Ccw X 0.0 |0.0 |1.0 0.00 167.8 +2.0%
Y 0.0 0.0 1.0 182.5
Z 0.0 0.0 1.0 176.7

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

* The uncertainties of Norm X, Y, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 8).
® Numerical linearization parameter: uncertainty not required.

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

Certificate No: Z16-97101 Page 4 of 11
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“TTL s p e ag

Add: No.51 Xueyuan Rosd, Haidian District. Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: <86-10-62304633-2209
E-mail: ctti@chinattl.com Hutp:/ www. chinattl ¢o

DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3836

Calibration Parameter Determined in Head Tissue Simulating Media

G
f [MH2]° Pa:::uﬂ:;yF c"“‘:;::‘}':" ConvF X | ConvF Y | ConvF Z | Alpha® '::::"':; :;:‘:}
750 | 419 0.89 943 | 943 943 | 030 | 080 | +12%
835 415 0.90 9.42 9.42 9.42 0.15 1.58 | +12%
900 415 0.97 903 | 903 | 903 | 015 | 146 | +12%
1750 401 137 804 | 804 | 804 | 014 | 163 | £12%
1900 400 1.40 780 | 760 | 760 | 016 | 159 | £12%
2300 395 167 745 | 745 | 745 | 053 | 068 | £12%
2450 39.2 1.80 707 | 707 | 707 | 054 | 071 | +12%
2600 39.0 1.96 696 | 696 | 696 | 061 | 066 | +12%
5200 36.0 4.66 532 | 532 532 | 040 | 142 | +13%
5300 359 476 513 | 513 | 513 | 040 | 140 | £13%
5500 356 4.96 485 | 485 | 485 | 040 | 135 | +13%
5600 355 5.07 459 | 450 | 459 | 040 | 145 | £13%
5800 353 5.27 471 471 471 | 040 | 145 | £13%

e Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty 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 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. At 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.
GﬂlphafDOpth 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 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificate No: Z16-97101 Page 5 of 11
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TTL In Collsborabon with

Add: No.51 Xueyuan Rond, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mail; ettli@chinattl.com Hirp:/www.chinattl.en

DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3836

Calibration Parameter Determined in Body Tissue Simulating Media

(7]

f [MHz]° Pa::II:::;yF c°""[;:::‘;?' ConvF X | ConvF Y | ConvF Z | Alpha® '::::; :::‘:}“
750 55.5 0.96 9.38 9.38 9.38 0.30 085 | +12% |
835 55.2 0.97 825 9.25 9.25 017 144 | £12%
500 550 1.05 8.95 8.95 895 | 0.14 | 160 | +12%
1750 534 1.49 7.64 7.64 7.64 0.17 1.71 +12%
1900 533 1.52 733 7.33 733 | 018 | 180 | +12%
2300 52.9 1.81 7.45 7.45 745 | 051 | 080 | +12% |
2450 52.7 1.05 7.20 7.20 7.20 0.62 0.70 | £12%
2600 525 2.16 6.99 6.99 699 | 052 | 079 | +12%
5200 490 5.30 483 4.83 4.83 0.50 125 | +13%
5300 48.9 542 460 460 460 | 050 | 135 | +13%
5500 486 565 432 4.32 432 | 050 | 135 | £13%
5600 485 577 4.20 4.20 420 | 050 | 140 | +13%
5800 482 6.00 4.30 4.30 430 | 050 | 130 | +13%

£ Frequency validity above 300 MHz of +100MHz only applies for DASY v4.4 and higher (Page 2), else it is restricted to
+50MHz. The uncertainty 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 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 (e and o) can be relaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ 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 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency response (normalized)
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £7.5% (k=2)
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: +0.9% (k=2)
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Conversion Factor Assessment
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f=1900 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3836

Other Probe Parameters

Sensor Arrangement . Triangular
Connector Angle (°) : 47.9
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337Tmm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point imm
Probe Tip to Sensor Y Calibration Point imm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
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6.3. D750V3 Dipole Calibration Certificate

Page 112 of 186 Report No.: MTi170712E113

Callb!'atlon Laboratory of \\\\\\::__'J/I//i’ S Schweizerischer Kalibrierdies
Schrn!d & Eartner m ¢ Service suisse d'étalonnage
Engmeenng AG Y Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’-/,‘f-_ﬁr:\'l\:“.\? S Swiss Calibration Service
el ok

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

Cient  CIQ (Auden) Gertificate No: D750V3-1 156 _Feb16
|CALIBRATION CERTIFICATE

Obiect D7sovs-sh:11ss  SAR ALy (M)

Calibration procedure(s) QA CAL-05.v9 1?4%7/
Calibration procedure for dipole validation kits above 700 MHz

Accreditation No.: SCS 0108

Calibration date: February 02, 2016

Primary Standards [ID# Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-4424 GB37480704 07-Oct-15 (No. 217-02222) Oct-16
Power sensor HP B4g1A Us3r292783 07-Oct-15 (No. 217-02222) Oct-16
Power sensor HP 84814 MY41082317 07-Oct-15 (No. 217-02223) QOct-16
Reference 20 dB Attenuator SN: 5058 (20k) 01-Apr-15 (No. 21 7-02131) Mar-16
Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16
Reference Probe EX3DV4 SN: 7349 31-Dec-15 (Ng, EX3-7349_Dec15) Dec-16
DAE4 SN: 601 30-Dec-15 (No. DAE4-801 _Dec15) Dec-16
Secondary Standards [iD# Check Date (in house) Scheduled Check
RF generator R&S SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18
Network Analyzer HP B753E US37300585 54206 18-Oct-01 (in housa check Oct-1 5) In house check: Oct-16
Name Function Signature
Calibrated by: Michaal Weber Laboratory Technician } “‘ ! i
.
Approved by: Katja Pokovic Technical Manager

Issued: February 4, 2016
This calibration certificate shall not be reproduced except in full without written approval of the laboratory,
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(AL AL

Calibration Laboratory of {‘$\\\*¥_;;.},} S Schweizerischer Kalibrier
Schmid & Partner A Service suisse d'étalonna

Engineen'ng AG 4 = C Servizio svizzero di taratu
Zeughausstrasse 43, 8004 Zurich, Switzerland f-/,‘affﬁ?‘;.\? S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 01(
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag, 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, “[EEE 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

¢) 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 ;
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 |
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
paint exactly below the center marking of the flat phantom section, with the arms orientec
parallel to the body axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole

measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.
SAR measured: SAR measu red 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 tF
nominal SAR result.

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

Certificate No: D750V3-1156_Febig Page 2 of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYs V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m
Measured Head TSL parameters (22.0+0.2)°C 422 +6% 0.91 mho/m £ 6 %
Head TSL temperature change during test <05°C —- -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.03 W/kg
SAR for nominal Head TSL parameters normalized to 1W 7.99 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 1.33 W/kg
SAR for nominal Head TSL parameters normalized to 1W 5.25 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters (220+02)°C 554 +6% 0.98 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 2.21 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.70 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.45 W/kg
SAR for nominal Body TSL parameters normalized to 1W 5.73 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5360-08jQ
Return Loss -28.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 5020-22i0
Return Loss -33.2dB

General Antenna Parameters and Design

| Electrical Delay (one direction) I 1.031 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
Manufacturad by SPEAG
Manufactured on August 12, 2015
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DASYS5 Validation Report for Head TSL

Date: 02.02
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1156

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; 6 = 0.91 S/m; & = 42,2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(10.28, 10.28, 10.28): Calibrated: 31.12.2015;
» Sensor-Surface: |.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 57.29 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.06 W/kg

SAR(1 g) = 2.03 W/kg; SAR(10 g) = 1.33 W/kg

Maximum value of SAR (measured) = 2.72 W/kg

-2.40
-4.80
-7.20

-9.60

-12.00

0dB =2.72 W/kg = 4.35 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 02.02.2

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1156

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; a = 0.98 S/m; & = 55 4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2015;
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

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

DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 57.34 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.35 W/kg

SAR(1 g) = 2.21 W/kg; SAR(10 g) = 1.45 W/kg

Maximum value of SAR (measured) = 2.97 W/kg

0dB =2.97 W/kg =4.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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