Appendix A: Calibration Certificate

1.1. Probe Calibration Certificate

Calibration Laboratory of g&;} R

e
Schmid & Partner g Service sulsso d'étalonnage
Engineering AG = = s Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland T ‘\.ﬂ" Swiss Callbration Service
Accredited by the Swiss Accreditalion Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Muiltiisteral Agreement for tha recognition of calibration certificates

This caiibration certificale documents fhe traceabiiity Io nafional stendards. which realize the physical uniis of measurements (SI).
The messuremants and the uncenminiieswith confidencs probability ars given on the foliowing pages end #re part of tha cenlificats.

Al calibrations have been conducted in the closed laboratory faciiity: environment temperature (22 2 3)°C and humidity < 70%.

Calibeation Equipmant used (MATE critica! for calibration)

Primary Standards ID Cal Date (Ceificate No.) Scheduled Calibration
Power mater NRP SN: 104778 06-Apr-16 (No. 217-02288/02285) Apr-A7
Power sensor NRP-201 EN; 103244 06-Apr-16 (No. 217-02288) Apr-17
Fower zensor NRP-291 SN; 103245 06-Apr-16 {No. 217-02288) Ap-17
Reference 20 08 Attenuator SN: 55277 (20x) 05-Apr-16 (No. 21702253} Ape=A7
Referente Probe ES30VZ SN: 3013 31-Dec-15 (No. ES3-3013_Dects) Dec-16
DAES SN 680 23-Dec-15 (No. DAES-860. Dee1s) Dec-16
Mm iD Check Date (in housa) Schaduled Chisck
Powee meter E44158 SN, GB41293874 ‘05-Apr-16 {int house check Jun-18) in houss check: Jun-18
Power sansor 42124 SN MY41408087 06-Apr-16 (in housa cheek Jun-16) In houss check: Jun-18
Power sensor E44124 EN: 000110210 08-Apr-18 (in housa check Jun-18) In house check, Jun-18
RF panerator HP B638C SN; US3542U01700 04-A110-99 (in house check Jun-16} In housa chedic Jun-18
Network Anelyzer HP 67538 | Sh: US37330585 18-Oct-01 {in houss check Ogi-15) In house check Oct-16

Function Sighaturs
Approved by:

This calibration cantificate shall not be reproduced sikcapt in full without written spproval of the laboratory,

Ceriificate No: ES3-3292_Sep16 Page 1of 11
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Appendix A: Calibration Certificate

Calibration Laboratory of e Schweizerischer Kallbriendienst

Schmid & Partner % g Service suisse d'étalonnage
Engineering AG ) £ = Servizio svizzero di taratura

Zoughasusstrasse 43, 8004 Zurich, Switzerland "&Qag s Swiss Calibration Service

Acirediled by the Swiss Accreditation Sanvica (BAS) Accreditation No.: SCS 0108

The Swise Accredifation Service is one of the signatories to the EA

Multitateral Agreement for the recognition of callbration certificates

Glossary:

TSL tizsue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,2

bcP diode compression paint

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

A B,C.D madulation dependent linearization paramsters

Polarization ¢ ip rotation around probe axis

Polarization & 4 rotation around an axis that is In the plane normal to probe axis (at measurement center),

i.e., & =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 Delermining the Peak Spatial-Averagad Specific
Absorption Rate (SAR) In the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) |EC 62209-1, "Procedure o measure the Specific Absorption Rate (SAR) for hand-held devices used In ciose
proximity fo the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢) IEC §2200-2, “Procedure to determine fhe Specific Absorption Rate (SAR) for wirsless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865684, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

s NORMy.y.z: Assessed for E-field polarization 8 =0 (f <800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, ie., the uncertainties of NORMx.y,z does not affect the E*-field
unceriainty inside TSL (see below ConvF).

= NORM(fix.y.z = NORMx,y.z * frequency responss (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the frequency response Is included
in the stated uncertainty of Convi.

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

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

e Axy.z Bxy.z Cxy.z Dxy.z; VRxyz A B, C, D are numerical finearization paramelers assessed basad on
the data of power swesp for specific modulation signal. The parameters do not depend on frequancy nor
media. VB is the maximum cafibration range expressed in RMS voltage across the diods.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-fiekd (or Temperature Transfer
Standard for f < B0 MHz) and inside waveguide using analytical field distributions based on power
measuremants for T > 800 MHz. The same setups are used for assessment of the parametsrs applied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These paramslers are
used in DASY4 soffware to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx.y,z * ConvF whereby the uncertainty corresponds o that given for ConvF. A frequency dependent
ConvF is used In DASY varsion 4.4 and higher which aliows extending the validity from £ 50 MHz to + 100
MHz.

«  Sphetical isotropy (3D deviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a pateh antenna.

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

« Conneclor Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty required).

Ceriificate No: ES3-3202_Sepif Page 2 of 11
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Appendix A: Calibration Certificate

ES3DV3 - BN:3292 September 2, 2016

Probe ES3DV3

SN:3292

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ systeml)

Ceriificate No: ES3-3292 Sep16 Page 3of 11
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Appendix A: Calibration Certificate

ES3DV3- SN:3282 September 2, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2
Norm (uVI(Vimy' )™ 0.94 0.95 0.93 =101 %
DCP {mV}® 105.7 101.2 1.7
Modulation Calibration Parameters
uiD Communication System Name A B c s] VR Unc®
dB dBYpV dB mV (k=2)
o ow X 0.0 00 1.0 000 | 2068 | #35%
¥ 0.0 0.0 1.0 2126 |
z 0.0 0.0 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 fo a coverage
probability of approximately 85%.

AThe uncertainties of Norm Y Z do not affect the E*field unceriamty inssde TSL (see Pages 5and §)

# Numerical linasrization parameler uncenainty nol reguesd.

= Uncarainty is determined using the max, deviation from fnesr response applying rectangular distribution and is supressed for the square of the
field valus.

Certificale No: ES3-3292_Sep16 Fage 4 of 11
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Appendix A: Calibration Certificate

ES3DV3- SN:3292 September 2, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

[ Relative | Conductivity Depth® Unc

F(MHz)® | Permittivity® (Sim)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 435 0.87 7.12 712 7.12 0.20 130 | +133%
750 41.9 0.89 6.76 6.76 6.76 0.80 1.18 | +120%
B35 415 0.90 653 .53 553 0.43 1.64 +12.0%
800 415 0.57 640 8.40 £.40 0.53 143 | =120%
1750 40.1 1.37 554 554 5.54 0.80 1.15 £12.0%
1800 40.0 1.40 5.26 5.28 5.26 0.55 1.47 £12.0%
2450 39.2 1.80 497 4.97 4.97 0.64 1.41 £120%
2600 39.0 1.98 477 4.77 ATT 0.80 128 | £120%

"meencgrvawryabms:i)ciMH.toi=1mMHzmlyapp{leshlﬂASYM_hmdhﬁjaer(seePageﬂ.ahaitis’mhiﬁﬁdmzmmm
uncertainty is the ASS of tha ConvF uncertainty at calibration freq; y and the-un y for the indicated frequency band. Frequency validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF sssessments at 30, 64, 1238, 150 and 220 MHz respeciivaly Above 5 GHz frequency
validity ean be extended to < 110 MHz
’Alh—amncieshaiowse‘m,memﬂdilynhissuapqmm(zamujmbars!amluim%itmummmnrummmappﬁndm
mmmmmmwesabmSGHz.lherﬁJMyufﬁwmpmm&tars{cardn)ismsiﬁulﬁdtuzs%.TmmﬂaimyiaMEHSSc!
tha ConvF uncertainty for Indicated target tissua

& Alpha/Depth are determined during callbration, SPEAG warrants that the remaining deviation due 1o the D y affect alter comp ion is
ahum!assthan:ﬁh!mlrequencia&belw&ﬂHzamﬂbalMaﬁhrMﬁnﬂiashﬁlmﬂHGH!aianrﬂismwmmﬂhmﬁp
diamster from the boundary,

Cerfificate No: ES3-3292_Sep16 Page 50f 11
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Appendix A: Calibration Certificate

ES3IDV3- SN:3292 Seplember 2, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

| 1 {MHz) %' w ConvFX | ConvFY | ComvFZ N;lhaui mjn mug;a
450 56.7 0.94 7.33 7.33 7.33 0.13 150 | +133%
750 55.5 0.86 8.25 6.25 §.25 0.38 166 | +120%
835 55.2 0.97 6.27 6.27 .27 0.47 158 | £120%
800 55.0 1.05 6.16 6.18 6.16 0.80 115 | £120%
1750 53.4 1.49 5.28 5.28 528 0.70 136 | £120%
1800 53.3 1.62 5.05 5.06 5.05 0.64 144 | £120%
2450 52.7 1.95 470 470 470 074 122 | £120%
2600 52.5 2.16 452 452 452 0.80 143 | +120%

“mem:yvﬂunyabwammzdvﬂmm+1zmly3;eplbsfmw¥v44awhrg}w[mmzl mmmwtwmm
uncanainty is the RSS of the ConvF y &t and the uncertamty for d fr band. F: walidity
betow 300 MHz ig £ 10, 25, 40, %mm%lmGManmmN 64, 128, ‘Sﬁandmhﬂtr&specm &mﬁ%ﬁma'w
mﬁﬂymmmmtnouﬂz
mmasm-_mevmtynlmpm(camo]canwrmm-iﬁdwmmmmsspwﬂh
mm«amlas At frequencies shava 3 GHz, the validity of issus paramaters (e and o} is restricted to + 5% The uncenainty is the RSS of
the ConvF uncartainty for indicated target lissue parameters.
& Alpha/Depth are delammined during calibration. SPEAG warrants that the r \g davistion dus to the 'y effect afier compensation is
ajm-smmw:mmfmwaamam&wm~HWﬁmmnummwmwwmmmmw
dismsiar from the boundary.

Certificate No: ES3-3202_Sepi16 Page 6of 11
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Appendix A: Calibration Certificate

ES30DVA- SN:3202 Seplember 2, 2018
Conversion Factor Assessment
f= 500 MHz,WGLS R9 (H_convF) f= 1750 MHz WGLS R22 (H_convF)
L33 oL n.i o o -7
ot %\ g
2 n-'i 3
% 6 ‘ = |n-!
ER . § |
cl 3 ® W BB & = & }i"_ﬁ_“&' & A = -a:_'lu
& frrei & |
Deviation from Isotropy in Liquid
Error (9, 8), f =900 MHz
406 -b8 -08 -04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Centificate No: ES3-3292_Sep16 Page 10 of 11
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Appendix A: Calibration Certificate

ES30V3- 5N:3282 Septamber 2, 2016

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

Certificate No: ES3-3282_Sep16 Page 9 of 11
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Appendix A: Calibration Certificate

ES3aDV3- SN:3282 Sepiember 2, 2018
Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM =1800 MHz R22
- = =
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Uncertainty of Axial Isotropy Assessment: % 0.5% (k=2)
Certificate No: ES3-3292_Sep16
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Appendix A: Calibration Certificate

ES30DV3- S5N:3282 Seplember 2, 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)

Certificate No: E53-3292_Sepl6 Page 7 of 11
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Appendix A: Calibration Certificate

ES3DV3-SN:3292 Seplember 2, 2016

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

Other Probe Parameters

Sensor Arrangement Triangular |'
Cannactor Angle (%) 36:3 |
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cverall Length 337 mm
Probe Body Diametsr 0mm
Tip Length I 10 mm
Tip Ciameter | 4 mm
Probe Tip to Sensor X Calibration Point | 2 mm
Probe Tip to Sensar Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommeanded Measurement Distance from Surface Imm
Certificate No: ES3-3252_Sep16 Page 11 of 11
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Appendix A: Calibration Certificate

1.2. D450V3 Dipole Calibration Certificate
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Appendix A: Calibration Certificate

alidation Report for Body TSL

t Laboratory: SPEAG

DUT: Dipole 450 MHz; Type: D450V 3; Serial: D450V3 - SN: 1079

Communication System: CW; Frequency: 450 MHz

Medium parameters used: f =450 MHz: 6 = 0.91 mho/m; & = 55; p = 1000 kg:’m“
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ET3DV6 - SN1507; ConvF(7.05, 7.05, 7.05); Calibrated: 30.12.2015
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 03.05.2015

Phantom: ELI 4.0; Type: QDOVAOQO1BA; Serial: 1003

DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

Date/Time: 28.02.2016

Dipole Calibration for Body Tissue/d=15mm, Pin=398mW/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 46.491 V/m; Power Drift =-0.02 dB

Peak

SAR (extrapolated) = 2.7360

SAR(1 g) = 1.74 mW/g:; SAR(10 g) = 1.16 mW/g
Maximum value of SAR (measured) = 1.861 mW/g

-3.00

-6.00

-12.00

-15.00

0 dB = 1.860mW/g = 5.39 dB mW/g

Certificate No: D450V3-1079_Feb16 Page 7 of 8
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Appendix A: Calibration Certificate

1.3. DAE4 Calibration Certificate

M, ]
" InCollsboration with *‘M\_—’h A PELT
7715 p e a g s =5 2
CALIBRATION LABORATORY . & GNAS c%“ -
Add: No.51 Xueyuan Road, Haidian District; Beijing. 100191, China "@3‘ CNAS LOSTD
Tel 86-10:62304633-1218  Fax: ~B6-10-62304633-2209 nlw
E-mail: clﬂ_&'l.‘h.l!l.ﬂl.limm_ : Hipvewavchinenl on : i .
'1Q(Shen: Certificate No: Z16-97120
i} l,_FF f'l—,:r.'l'—,. [ ll,|‘|' F.—‘:_"::’.f'f r ‘_-". F _Il. ": _':':'Y 'r
LSS S S T T T
Object DAE4-SN. 1315
Calibration Procedurs(s) FD-Z11-2-002-01
(DAEX)
Calibration date: July 28, 2016

This caiibration Cerfificate documents the traceabiiity 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 conducied in the closed laboratory facility: environment lemperature(22+43)°c 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 Si_gnature

e YuZongying  SARTestEngineer Bt
Reviewed by, Qi Dianyuan e

AEpeon by Lu Bingsong

Issued: Uuly 27, 2018
This calibration certificate shall not be reproduced except in full withaut written approval of the Iaboratory,

Certificate No: Z16-97120 Page | of 3
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Appendix A: Calibration Certificate

" in Collsbocaton witn
777 s p e a g
CALIBRATION LABORATORY
Add; No.51 Xueyuan Road, Haidian District, Beijing. 100191, China
Tel: +86-10-62304633-2218 Fax: +86-10-62304633-2209
E-mal: etk chinattl com Hitpolwww chimattl on
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:

» 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.

Certificate No: Z16-97120 Page 2 of 3
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Appendix A: Calibration Certificate

g‘TTL s_n.;r_an_

Add: No.51 Xueyuan Road, Haidinn District, Beijing. 100191, China

Tel: +86-10-62304633-2218 Fax: +86-10-623044633-2200
E-mail: citb@ehinattl.com Hitpewww. chinatth.cn
DC Voltage Measurement
AID - Converier Resolution nominal
High Range: iLSB= 81uV, full range = -100...+300 mV
Low Range: ILSB = 61nV, full range = 1o 43mV
DASY measurement parameters: Auto Zero Time: 3 sec. Measuring time: 3 sec
Calibration Factors X Y z
3 |
High Range 405.179 + 0.15% (k=2) | 405.018 = 0.15% (k=2) | 404.98 = 0.15% (k=2)
Low Range 399015 -07% (k=2) | 3.98549+0.7% (k=2) | 3.98881 = 0.7% (k=2)
Connector Angle
Connector Angle io ba usad in DASY system 208°+1°
Certificate No: Z16-97120 Page 3 of 3
------ End------
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