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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3881

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
NormyuVI(Vim)*)* 0.18 0.38 0.50 +10.8%
DCP(mV)" a5.9 104.2 102.3
Modulation Calibration Parameters
ulD Communication A B c o} VR Unc®
System Name dB dBVpV dB . mV (k=2)

0 cw X 0.0 0.0 1.0 000 985 2 9%

y (00 |00 1.0 1725

z 0.0 0.0 1.0 | 195.3

The reported uncertainty of measurement is stated as the slandard uncartainly of
Measurement multiplied by the coverage factor k=2, which for @ normal distribution
Corresponds (0 a coverage probability of approximately 95%.

* The uncertainties of Norm X, Y, Z de not affed the Ex-fiakd uncertzinty inside TSL (see Page 5 and Page 6).
5 Nume-ical linearization parameter: uncertainty not required
* Uncertainly is determined using the max. deviaticn from linear response applying rectangular disiribution

and is expressed for the square of the field value.

Cemificate No: 21597095

Report No.: WT168001369

Pageaof 11

Page 3 of 24



&7T7TL: 5 ca g
CALIBRATION LABORATORY

Adkd: No.S 1 Xueynan Rond Hedin District, Deijing, 100891, Clusa
Tel: 4 36-10-62304633-2218 Fux: 436 10.62304633- 2200
il enbiiehings) oom HusSwaw changit gn

DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3881

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductly Depth® | Unct.
f [MHz)" Permittivity” (srm):'y ConvF X ConvFY | ConvF Z | Alpha® (mp,:; (kn2)
835 415 0.90 9.66 9.66 966 | 016 | 126 | =12%
1900 AD.0 1.40 795 | 7% 7.96 D18 | 1.34 | =12%

© Fraquency validity of $1000Hz only applise for DASY w4 4 and higher (Page 2). else is restricted to £50MHz, The
urceriainty s the RSS of ConvF uncertainty at calibration frequency and the uncertamty for the indicsted frequency band.
Fat frequency below 3 GHz. the valiily of lissue paramaters (€ and a) can be relaxed to +10% if liguid compensaticn
formula s asplied to messured SAR values. At frequencies atbovs 3 GHz, tha valiaty of tssue paramelers (¢ and a)is
resiriciad 10 25%. The uncertainty is the RSS of the ConvF uncertainty for ndicated target tissue parameters

£ AlphaDepth are determined during calibration. SPEAG warrante that the ramaning deviation due to the boundsry
effect after compersation is always %ss than + 1% for frequancies below 3 GHz and below + 2% for the fraquencizs
batween 3-8 GHz at any distancs larger than half the proba ip dismeter from the boundary,

Certificare No: 21597095 Page sof 11
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3881

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity o | Dopth® | Unct.

1 (MHz)" Permittivity” | (8hm)* ConvF X = ConvFY | ConvF Z | Alpha (mm) | (cs2)
835 55.2 0.97 9.45 ¢.45 9.45 016 | 1.38 | =12%

| 1900 53.3 152 | 760 7.60 780 | 015 | 160 | +12%

© Frequency valisty of 2100MHz only spplies tor DASY vé £ and higher (Page 2), else it s restricted to £50MHz. The
uncerainty |s the RSS of Convi uncenainty at calibratien frequency and the uncerainty for the indizated frequency band,
f At frequency below 3 GHz. the valddily of lissue parameters (€ and @) can be relaxed to +10% if liquid compensaticn
formula is applied to d SAR values. Al frecuencies abovs 2 GHz, the valdily of tissus paramaters (¢ and o) Is
restricted 10 25%. The uncertzinty is the RSS of the ConvF uncertainty for indicated target tssue pararmutars,

“ AphaDiepth sre detarmined during calibration. SPEAG warranis that the remaining deviation due 1o the beundary
effect after compansation is always less than = 1% for frequencies below 3 GHz and balow + 2% for the frequencies
batween 3-6 GHz at any distance larger than hall the probe tip diamater from the boundary

Certificare No: Z15-97095 Page 6 of 11
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

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

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: 0.9% (k=2)
Cenificate No: Z15-97085 Pagesof 1)
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Dynamic Range f(SAR}eaq)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=835 MHz, WGLS R9(H_convF)  =1900 MHz, WGLS R22(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.5% (K=2)
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DASY/EASY — Parameters of Probe: EX3DV4 — SN: 3881

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 170.2
Mechanical Surface Detection Mode enabled
Optical Surface Detaction Mode disable
Probe Overall Length 337Tmm
Probe Body Diameter 10mm
Tip Length 9mrrT~
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point imm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4mm
Certificate No: Z15-97008 Page 1ol 11
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Client SMQ Certificate No: Z15-97176
CALIBRATION CERTIFICATE
Object EX3DV4 - SN:3881
Cabbration Procedure(s) FD-Z11-2 "

Cadibration Procedures for Dasimetric E-field Probes
Calibrat on date: November 26, 2015

This calibration Centficate documents the traceability to national stancards, which realize the physical unts of
measurements(Sl) The measurements and the uncertainties with confidence probabiity are given on the folicwing
pages and are part of the certificate

All calibrations have been conducted in the closed laboratory faciiy. environment temperatu-e(22+3¢C and
humidity<70%.

Calibrat on Equipment used (M&TE cnitical for calibration)

Primary Standards ID# Cal Date:Calibrated by, Certificate No.) Scheduled Calibration
Power Meter  NRP2 1019°8 01-Jui-15 (CTTL, No J15X04256) Jun-18
Power sensor NRP-Z81 | 101547 01-Juk-15 (CTTL, No.J15X04256) Jun-16
Power sensor  NRP-Z81 | 101548 01-Juk-15 (CTTL, No.J15X04256) Jun-18
Reference10dBAtienuator | 18NS0W-10dB  13-Mar-14{TMC.No.JZ14-1103) Mar-16
Reference20dBAttenuator | 18NS0W-20dB  13-Mar-14(TMC No,JZ14-1104) Mar-16
Reference Probe EX3DV4 | SN 7307 27-Feb-15(SPEAG No.EX3-7307_Feb15) Feb-16
DAE4 SNT7T1 27-Jan-15(SPEAG No.DAE4-771_Jan15) Jan-16
Secondary Standards ID# Cal Date{Calibratec by, Certificate No.) Scheduled Calibraton
SignaiGeneratorMG3700A | 6201052608  01-Jul-15 (CTTL No.J16X04255) Jun-16
Network Analyzer ES071C | MY46110673  03-Feb-15 (CTT_, No.J15X00728}) Feb-16
Name Funcbon Signature
Calibraled by. Yu Zorgying SAR Test Engineer /}%
taaan Qi Dianyuan SAR Project Leader = AN
| Approved by: Lu Bingsong Deputy Director of the laboratory fﬁp\a‘;.}"z
=

t lasued November 27, 2C15
This cafibration certificate shall not be reproduced except in full ‘Aithout written app-oval of the laboraory,

’ Certificate No: 21597176 Page 1 of 11
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Glossary:
TSL tissue simulating biquid
NCRMx.y,z sensitivity in free space
ConvF sensitivity n TSL / NORMx,y,z
DCP didde compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulatior dependent linearization parameters

Poarzation ® @ rotation around probe axis

Polarization 8 Brotaﬁonlrmanaxtslhdishmepbmnotmﬂbwobaaxis(atmaummmtconw).u

8=0 Is normal to probe axis

Connector Angle informatior used in DASY system to align probe senser 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 Communicaticns Devizes:
Measurement Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Spacific Absorption Rate (SAR) for hand-held devices Lsed
in close proximity to the ear (frequency range of 300MHz to 3GHz)", Fedruary 2005

Methods Applied and Interpretation of Parameters:

o NORMx,y.z: Assessed for E-fleki polarization 8=0 (f<S00MHz in TEM-cell, f>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),

o NORM(fx.y.z = NORMx,y,z* frequency_response (see Frequency Response Chart). This
linearization is implementad in DASY4 software versions later than 4,2. The uncertainty of the
frequency response is included in the stated uncertginty of ConvF,

e DCPxyz DCP are numerical linearization parameters assessed based on the data of power sweep
(no uncartainty required). DCP does not depend on frequency nor media

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

e Axyz Bxyz CxyzVRxyzAB,C are numerical linearzation 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.

»  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for fS800MHz) and Inside waveguide using analytical field distributiors 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 given.
These parameters are used In DASY4 software to improve probe accuracy close to the boundary.
The sensitivity in TSL conesponds to NORMx.y.2* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency dependent CorvF is used in DASY version 4.4 and higher which
afows extending the valicity froms50MHz to2 100MHz.

e Spherical isotropy (30 deviation from isotrooy): in a field of low gradients realized using a flat
phantor exposed by a patch antenna.

o Sensor Offsel: The senscr offset correspands to the offset of virtual measurement center from tha
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).

Centificare No: 21597176 Page 2 of 11
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Probe EX3DV4

SN: 3881

Calibrated: November 26, 2015
Calibrated for DASY/EASY Systems

{Note: non-compativie with DASY2 system)

Centificmie No: Z15-97176 Page3of 11
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3881

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pViVim)*)* 0.18 0.39 051 £10.8%
DCP(mV)* 953 103.1 102.6

Modulation Calibration Parameters

uID Communication A B c D VR Unc*®
System Name dB dBvuV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 97.2 +3.3%
Y 0.0 0.0 1.0 165.9
Z 0.0 0.0 10 1949

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 85%.

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

£ Uncertainly Is determined usng the max. deviation from linear response applying rectangular distribLtion
and is expressed for the square of the field value

Cenificate No: Z15-97176 Page 4 0f 1}
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DASY/EASY — Parameters of Probe: EX3DV4 - SN: 3881

Calibration Parameter Determined in Head Tissue Simulating Media

G | )|

| f MHz)° Pm. w":'f’::"'?' ConvF X | ConvF Y | ConvF Z | Alpha® m :::;‘) ‘
750 419 0.89 986 | 2386 | 986 | 020 | 1.08 | +12%
2450 392 180 738 | 738 | 738 | 028 | 1.00 | =12%

2600 300 1.08 748 | 718 | 718 | 028 | 103 | =12% |
5200 360 466 542 | 542 | 542 | 036 | 143 | 213%
5300 350 478 512 | 512 | 532 | 042 | 115 | £13%
5500 356 406 481 | 481 | 481 | 040 | 148 | £13%
5620 355 507 449 | 449 | 449 | 040 | 142 | =13%
5820 353 527 448 | 448 | 448 | 042 | 186 | =13%

© Freqoency valigty of £100MHz only applies for DASY v4.4 and higher (Page 2), eise it is restricted to =50MHz. The
uncertainty is the RSS of ConvF uncentainty at calibraticn frequency and the uncentainty for the indicated frequency band
* Al frequency below 3 GHz, the valdity of tissue paramreters (¢ and g) can be relaxed to +10% if liquid compensarion
formula is appiied to measured SAR values. At frequencies above 3 GHz. the validity of tissue parameters (¢ and o) is
restncled 1o £5%. The uncenainty is the RSS of the ConvF uncenainty for indicated target tissue parameters

“ Aipha/Depth are determned during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compensation s always less than £ 1% for fraquencies below 3 GHz and oelow + 2% for the frequencies
between 3-6 GHz at any distance larger than half the probe tip diameter from the boundary.

Certificare No: 21597176 Page Sof 1
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3881

Calibration Parameter Determined in Body Tissue Simulating Media

o

| f MHz]® me. c“‘:‘;;:‘)':" ConvF X | ConvF Y | ConvF Z | Alpha® m :::;:

750 555 0.95 966 | 368 | 066 | 018 | 105 | ~12%
2450 527 1.95 707 | 707 | 707 | 027 | 138 | +12%
2600 525 216 667 | 687 | 687 | 033 | 1080 | £12%
5200 49.0 530 450 | 400 | 490 | 042 | 132 | +13%
5320 489 542 450 | 459 | 450 | 043 | 135 | £13%
5590 48.6 565 421 4.21 421 | 048 | 140 | +13% |
5620 485 577 4C8 | 408 | 408 | 048 | 140 | =13%
5820 482 6.00 417 | 417 | 417 | 048 | 140 | +13%

© Frequency vality of +100MHz only applies for DASY v4.4 and higher (Page 2), else & is resiricted to $50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibraticn frequency and the uncertairty for the indicated frequency band.
'Al'rcqucncy below 3 GHz. the valdity of tissue parameters (¢ and o) can be relaxed to +10% if liquid compensation
formuta is applied 10 measured SAR values At frequencies above 3 GHz, the validity of tissue parameters (e and ) Is
restricted to £5%. The uncertainty is the RSS of the ConvF uncerainty for indicated target tissue parameters
°AWDopth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effoct after compensation s always less than £ 1% for fraquencies below 3 GHz and selow £ 2% for the frequencies
between 3-6 GHz at any distance farger than nalf the probe tip diameter frem the boundary

Centificate No: Z15-97176 Page sof 11
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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: $7.6% (k=2)
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Receiving Pattern (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £0.9% (k=2)
Centificate No: Z15-97176 Pagegof 11
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Dynamic Range f(SARcaq)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: £0.9% (k=2)
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Conversion Factor Assessment
f=750 MHz, WGLS R9(H_convF) f=2450 MHz, WGLS R26(H_convF)
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Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)
Centificate No: Z15-97176 Page 1o of 11
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3881
Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (°) 170.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disable |
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length 9mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point imm
Probe Tip to Sensor Z Calibration Point imm
Recommended Measurement Distance from Surface 1.4mm
Centificate No: Z15-97176 Page 11 of 11
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Tel: #6-10AD0IGILINE  Fax: +B6-10-623046332209
Client . SMQ Certificate No: Z16-97022

This calibration Certificate documents the traceability to national standards, which realiize the physical units of
measurements{Sl). The measurements and the uncertainties with confidence probabilty are given on the following
pages and are part of the certficate

Al calibrations have been conducted in the closed laboratory facility environment temperature(22e3)c and
humidity<70%.

Calbration Equipment used (MATE critical for calbration)

Primary Sandards D Cal Date(Catibrated by, Certificate No ) Scheduled Calibration

Process Calbrator 753 | 1871018 08-July-15 (CTTL. No J15X04257) July-18

Function
T SAR Test Enginser Y
= SAR Project Leader 2 &

Issued. M-r.hs 2018
This calibration cersficate shail not be reproduced except In full without written approval of the laboratory.
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Glossary:
DAE data acquisition electronics
Connector angle information used in DASY system to align probe sensor X
to the robot coordinate system.

Wetnods Apphied 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.
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Add: No.31 Xoaywan Rosd, Hasdisn Destrics, Beijing, 100191, China
Tel: +86-106200H4633-2218 Fax: +86-10-42304633-2200

Email cnnlipchinats! com Hitge Awww chinat] o
DC Voltage Measurement
AD - Converter Resoluton nominal

High Range: IS8 = v, full range » 300, 4300 mV
Low Ranpe: wss = 6inV, full range = ... 43mV
DASY measurement paramaters: Auto Zero Time: 3 sec. Measuring time! 3 sec

Calibration Factors X Y Z

High Range 405,480 £ 0 15% (k=2) | 405 148 + 0 15% (k=2) | 405.367 £ 0.15% (k=2)

Low Range 398074 2 07% (k=2) | 397262+ 07% (k=2) | 3998434 0.7% (k=2)
Connector Angle

Connector Angle to be used in DASY system 181%21"
Centificate No: Z16-97022 Page ) of 3
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