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June 26, 2013

Acceptable Conditions for SAR Measurements Using Probes and Dipoles
! Calibrated under the SPEAG-TMC Dual-Logo Calibration Program (o
Support FCC Equipment Certification

i The acceptable conditions for SAR measurcments using probes, dipoles and DAEs
calibrated by TMC (Teleconmunication Metrology Center of MITT in Beijing, China),

! under the Dual-Logo Calibration Certificate program and quality assurance (QA)

! protacols established between SPEAG (Schmid & Pariner Engineering AG, Switzerland)
and TMC, to support FCC (U.S. Federal Comnumications Connmission) equipment
certification are defined and described in the following,

1) The agreement established between SPEAG and TMC is only applicable to

| calibration services performed by TMC where its clients (companics and divisions of

such companies) are headquartered in the Greater China Region, including Taiwan

and Hong Kong. This agreement is subject to renewal at the end of each calendar
year between SPEAG and TMC, TMC shall inform the FCC of any changes or carly

i termination to the agreement,

! 2) Only a subset of the calibration services specified in the SPEAG-TMC agreement,

while it remains valid, arc applicable to SAR measurements performed using such

' equipment for supporting FCC equipment certification. These ure identified in the

! following,

a) Calibeation of dosimetric (SAR) probes EX3DVyx, ETIDVX and ES3IDVX,

i) Free-space E-field and H-field probes, including those used for HAC (hearing
| aid compatibility) evaluation, temperature probes, ather probes or equipment
not identified in this document, when calibrated by TMC, are excluded snd

[ cannot be used for measurements to support FCC equipment certification,

| ity Signal specific and bundled probe calibrations based on PMR (probe

modulation response) characteristics are handled according to the

! requirements of KDB 865664; that is, “Until standardized procedures are

' available to make such determination, the applicability of a signal specific

probe calibration for testing specific wireless modes and technologies is

' determined on a case-by-case basis through KDB inquiries, including SAR

| system verification requirements,”

b) Calibration of SAR system validation dipoles, excluding HAC dipoles,

| ¢) Calibration of data acquisition electronics DAE3VX, DAE4Vx and DAEasyVx.

d) For FCC equipment certification purposes, the frequency range of SAR probe and

dipole calibrations is limited to 700 MHz - 6 GHz and provided it is supported by

. the equipment identified in the TMC QA protocol (a separate attachment o this

! document).

; €) The identical system and equipment setup, measurement configurations,

hardware, evaluation algorithms, calibration and QA protocols, including the

; format of calibration certificates and reports used by SPEAG shall be applied by

J TMC.,

) The calibrated items are only applicable to SPEAG DASY 4 and DASY 5 or
higher version systems.

—

~
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: 3) The SPEAG-TMC agreement includes specific protocols identified in the following
y to ensure the quality of calibration services provided by TMC under this SPEAG-
TMC Dual-Logo calibration agreement are equivalent to the calibration services
i provided by SPEAG. TMC shall, upon request, provide copics of documentation to
! the FCC to substantiate program implementation.
a) The Inter-laboratory Calibration Evaluation (ILCE) stated in the TMC QA
! protacol shall be performed between SPEAG and TMC at least once every 12
! months, The ILCE acceptance criteria defined in the TMC QA protocol shall be
satisfied for the TMC, SPEAG and FCC agreements to remain valid,
! b) Check of Calibration Certificate (CCC) shall be performed by SPEAG for all
| calibrations performed by TMC. Written confirmation from SPEAG is required
for TMC to issue calibration certificates under the SPEAG-TMC Dual-Logo
| calibration program. Quarterly reports for all calibeations performed by TMC

under the program are also issued by SPEAG.
¢) The calibration equipment and measurement system used by TMC shall be
| verified bofore each calibration service according to the specific reference SAR
probes, dipoles, and DAE calibrated by SPEAG. The results shall be reproducible
and within the defined aceeptance eriteria specificd in the TMC QA protocol

‘ before ench actual calibration can commence, TMC shall maintain records of the
' mensurement and culibration system verification results for all calibrations,
J d) Quality Check of Calibration (QCC) certificates shall be performed by SPEAG at

least once every 12 months, SPEAG shall visit TMC facilities to verify the

Iaboratory, equipment, applied procedures and plausibility of randomly selected

' certificates,

4) A copy of this document, to be updated annually, shall be provided to TMC clients
that accept calibration services according to the SPEAG-TMC Dunl-Logo calibration

' program, which should be presented to a TCB (Telecommmumication Certification

Baody), 1o facilitate FCC equipment approval,

! 5) TMC shall address any questions raised by its clients or TCBs relating to the SPEAG-
i TMC Dual-Logo calibration program and inform the FCC and SPEAG of any critical
1Ssues,

Chinge Note: Revised on June 26 (o clarlly the applicability of PMIt axd Bundled probe calibrations
weconding 1o the requirements of KDB 865664,
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Add: No.51 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinatil.com Hup:/Awww.chinatthen

CALIBRATION
No. L0570

Certificate No: Z14-97164

Object ES3DV3 - SN:3203

Calibration Procedure(s) TMC-OS-E-02-195

Calibration Procedures for Dosimetric E-field Probes

Calibration date: December 19, 2014
This calibration Certificate documents the traceability to national standards, which realize the physical units of
measurements(Sl). The measurements and the uncertainties with confidence probability are given on the following

pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
Power Meter NRP2 101919 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Power sensor NRP-Z91 | 101547 01-Jul-14 (CTTL, No.J14X021486) Jun-15
Power sensor NRP-Z91 | 101548 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAttenuator | 18N50W-10dB  13-Mar-14(TMC,No.JZ14-1103) Mar-16
Reference20dBAttenuator | 18N50W-20dB  13-Mar-14(TMC,No.JZ14-1104) Mar-16
Reference Probe EX3DV4 | SN 3617 28-Aug-14(SPEAG,N0.EX3-3617_Augi4) Aug-15
DAE4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan-15
Secondary Standards D # Cal Date(Calibrated by, Certificate No.) Scheduled Calibration
SignalGeneratorMG3700A | 6201052605 01-Jul-14 (CTTL, No.J14X02145) Jun-15
Network Analyzer E5071C MY46110673  15-Feb-14 (TMC, No.JZ14-781) Feb-15
Name Function Signature
Calibrated by: Yu Zongying - SAR Test Eriginéer 5 ko
Reviewed by: QiDianyuan - SAR Project Leader R -
Approved by: LuBingsong  Deputy Director of the laboratory h ,%%?1
Issued: Decemler 20,2014

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

Certificate No: Z14-97164 Page | of 11

Report No.: WT158004129 Page 4 of 36



gﬁ'\g In Collaboration with
&777. s p e a g
“Emsew~  CALIBRATION LABORATORY

Add: No.51 Xueyuan Road, Haidian Distriet, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: ctl@chinattl.com Hup:/www.chinatllen
Glossary:
TSL tissue simulating liquid
NORMx,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,C,D modulation dependent linearization parameters

Polarization ® ® rotation around probe axis

Polarization 6 0 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

Methods Applied and Interpretation of Parameters:

e NORMAx,y,z: Assessed for E-field polarization 6=0 (fs900MHz 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(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.

s 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.

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

o Ax,v.z Bx,yz Cx,yzVRxyz:AB,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 {<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 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.

e  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.

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

Certificate No: Z14-97164 Page 2 of 11
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Probe ES3DV3

SN: 3203

Calibrated: December 19, 2014
Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: Z14-97164 Page 3 of 11
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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3203

Basic Calibration Parameters

] Sensor X Sensor Y Sensor Z Unc (k=2)
Norm(pVAVIim)%)* 1.39 1.37 1.19 110.8%
DCP{mV)® 103.9 100.8 104.3

Modulation Calibration Parameters

uip Communication A B Cc D VR Unct
System Name dB dBVuV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 298.4 1+2.3%
y loo |00 1.0 292.8
Z 0.0 0.0 1.0 272.7

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
i Corresponds to a coverage probability of approximately 95%.
|

A The uncertainties of Norm X, Y, Z do not affect the E-field uncertainty inside TSL (see Page 5 and Page 6).
8 Numerical linearization parameter: uncertainty not required.

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: Z14-97164 Page 4 of 11
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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3203

Calibration Parameter Determined in Head Tissue Simulating Media

.o G
f [MHzI® Pjn‘j"’i?:::;yp c°"‘::f|:‘;f" ConvE X | ConvF Y | ConvF Z | Alpha® E::“:; :::;t)
900 415 0.97 655 | 655 | 655 | 032 | 1.66 | £12%
1810 40.0 1.40 520 | 520 | 520 | 067 | 127 | £12%
2450 39.2 1.80 455 | 455 | 455 | 080 | 110 | +12%

¢ Frequency validity 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.
F 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.

© 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.

Certificate No: Z14-97164

Report No.: WT158004129
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3203

Calibration Parameter Determined in Body Tissue Simulating Media

. G
f [MHz)® P::j:?:::ﬁy,, C°"°::’°;:‘;E" ConvF X | ConvF Y | ConvF Z | Alpha® [i;pr:; :f;c;)
900 55.0 1.05 6.20 6.20 620 | 055 | 138 | £12%
1810 53.3 1.52 4.88 4.88 488 | 046 | 160 | £12%
2450 527 1.95 4.47 4.47 447 | 059 | 1.55 | £12%

© Frequency validity 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.
Fat 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.

© 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.

Certificate No: Z14-97164
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response {normalized)

0.5 ;

i ———
1000 1500 2000 2500

e f [MHz] .

TEM R22

T i
0 500 3000

Uncertainty of Frequency Response of E-field: £7.5% (k=2)

Certificate No: Z14-97164 Page 7 of 11
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Receiving Pattern (®), 6=0°

f=600 MHz, TEM f=1800 MHz, R22

1.0 -
(Y50 G AL D S
;
10 —— — i
-160 -100 -60 0 60 100 150
Roll[°]
[-=-{100MHz —-—600MHz ——1800MHz —+— 2500MHz]
Uncertainty of Axial Isotropy Assessment: 0.9% (k=2)
Certificate No: Z14-97164 Page 8 of 11
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Dynamic Range f(SARcaq)
(TEM cell, f = 900 MHz)

Input Signal[pV]

SAR[mW/cm')

FE3not compensated —@— compensated

2 — = e ; H e
0 10 10
SARImWIem’}

[ [-#—]not compensated —s— compensated |

Uncertainty of Linearity Assessment: £0.9% (k=2)

Certificate No: Z14-97164 Page 9 of 11
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Conversion Factor Assessment

f=900 MHz, WGLS R9(H_convF) f=1810 MHz, WGLS R22(H_convF)

4.00 ¥ 30.00 |

3.50 h '

%00 |
300 H } \

2000 \
16,00

SARMWKGIW
B4
SAR[WAgIW

’ \.‘ 10.00
1.00

N 50
0.50

Deviation from Isotropy in Liquid

40 0, 1.0
Uncertainty of Spherical Isotropy Assessment: £2.8% (K=2)

Certificate No: Z14-97164 Page 10 of 11
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DASY/EASY — Parameters of Probe: ES3DV3 - SN: 3203

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 175.2
Eéchanical Surface Detection Mode enabled
Optical Surface Detection Mode disable
Probe Overall Length 337mm
Probe Body Diameter 10mm
Tip Length | 10mm
Tip Diameter 4mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm ]
Recommended Measurement Distance from Surface 3mm_
|
Certificate No: Z14-97164 Page 11 of 11

Report No.: WT158004129 Page 14 of 36



Add: No ST Xueyuzn Rood Huidian District, Beyma. 100191, Cusa

CALIBRATION
Tel: + R&-1062504655-2218 Fax: +55-10-62300633-2209 No. LOS70

E-mal. coddchmattl com iy Pwove sl
Client SMQ Certificate No: Z15-97095
CALIBRATION CERTIFICATE
Object EX3DV4 - SN:3561

Calibration Procedure(s) £D-211-2-004-01

Calitration Procecures for Dosimelric E-field Probes

Calibration date: July 24,2015

Tris callbration Certificate documents the iraceabiity 1o natonal standards. which realize the physical unils of
measurements(S!). The measurements and the uncaraintes with confidence probandity are givan on the felloeing
pages and are part of the ceificate

All caliorations have been conducled in the closad lsboratory faciity: envirenment temperadure(22:3)% and
humnidity<70%.

Calibration Equipment used (M&TE critical for calibrafion)

Primary Standards ID# Cal Date{Calitvated by, Certficate No.) Scheduled Calibeation

Power Meter  NRP2 101819 07-Jul-15 [CTTL, No J15X042586) Jun-18

Power sensor  NRP-Z91 | 101547 01-Jul-15 (CTTL, No.J15X04256) Jun-16

Power sensor  NRP-Z81 | 101548 01-Ju-15 (CTTL, No J15X04258) Jun-18
Referenca10dBAtenuator | 1BNSOW-10dB  13-Mar-14({TMC No.JZ14-1103) Mar-18
Referanca20dBAtienuator | 18NSOW-20a8  13-Mar-14(TMC No. JZ14-1104) Mar-16

Reference Probe EX3DV4 | SN 3817 28-Aug-14[SPEAG N0 EX3-3617_Aug1d) Aug-15

DAE4 SN 777 17-Sep-14 (SPEAG DAE4-777_Sept4)  Sep-15

Secondary Standards ID# Cal Date{Caliratad by, Certificate Nc.) Scheduled Calioration
SignalGeneralorMiG3700A | 6201052505  01-Jul-15 (CTTL No.J15X04255) Jun-18

Network Analyzer ES071C | MY48110573  02-Feb-15 (CTTL, No.J15X00728) Feb-18

Name Function Signature

Calibrated by: Yu Zongying SAR Test Engineer ' %
Reviewed by: Qi Dianyuan SAR Project Leadar M/
Approved by: Lu Bingsong Deputy Director of the laboratory | iﬁ J@H{I

v

Issued: July 25, 2015 X
This calibration cartificate ehall not be reproducad except n full wathout wiitten approval of the Iaboratory.

Certificate No; Z15-97093 Pagelof il
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Glossary:
TSL tissue simulating liquid
NORMYx,Y,Z sansitivily in free space
ConvF sensitivity in TSL/ NORNX,y,2
oCcP diode compression pont
CF crest facter (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramaters

Polanzation @ ® retation around prebe axis

Polarization 8 g rotation around 2n axis that is in the plane normal to proba 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 ccordinate system

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 Wirelese Communications Devices:
Measurement Techniques”, June 2013

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

Methods Applied and Interpretation of Parameters:

e NORMx,y.2: Assessed for E-field polarization 8=0 (fS900MHz in TEM-cell; > 1800MHz: wavaguide}.
NORMx,y.z are only intermediate valuas, i.e., the uncertainties of NORMzx,y,z does not effact the
E* fleld uncertainty inside TSL (see below ConvF).

o« NORM(fx,y.z = NORMx, 2" frequency._response (see Frequency Response Chart), This
Knearization is implemented in DASY4 software versions fater than 4.2. The uncertainty of the
frequency response is included in the stated uncertainty of ConvF,

s DCPx,yz: DCP are numerical linearization parameters assessed based on the dala of power sweep
{no uncertainty raquirad). DCP does nat depand on freguency nor media.

« PAR: PAR is the Peak 1o Average Ratio thet is not calibrated but determined based on the signal
characteristcs.

o Axyz Bxyz: Cx.yzVRxyzAB,C are numencal linsarization parameters assessed based on the
data of powrer sweep for specific medulaticn signal. The parameters do not depand on frecuency nor
media. VR is the maximum calibration range expressed in RMS voltage across the dioce.

e ConvF and Boundsry Effect Paramelers: Assassed in flat phantom using E-field (or Temperature
Transler Standard for fs800MHz) and inside waveguide using analytical field distributions based on
pewer measuremants for f >800MHz, The same setups are used for assessment of the parameters
applied for boundary compensalion (alpha, depth) of which typical uncertainty valued are given.
Thess parameters are used in DASY4 software to improve probe accuracy close o the boundary.
The sensitivily in TSL comesponds to NORMx,y,2* ConvF whereby the uncertainty corresponds to
that given for ConvF. A frequency depandent ConvF is used in DASY version 4.4 and higher which
allows exterding the validity fromz50MHz tos100MHz,

o  Spherical isotropy (30 devistion from isotropy): in @ field of low gradients realized using a flat
phantom exposad by a patch antenna,

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

« Connector Angie: The angle is assessed using the information gained by detarmining the NORMx
(no uncertainty requirad).

Certificate No: Z15-97095 Page 20f 11
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Probe EX3DV4

SN: 3881

Calibrated: July 24, 2015
Calibrated for DASY/EASY Systems

[Mote: non-compatble with DASY2 aystem!)

Centilicate Mo; 215-97095 Page3af 1]
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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{pVI(Vim))* 0.18 0.38 0.50 +10.8%
DCP(mV)" 95.9 104.2 102.3

Modulation Calibration Parameters

uiD Communication A B c D VR Unc”
System Name dB dBpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 985 £2 9%
Y 0.0 0.0 1.0 | 1725
z 0.0 0.0 1.0 185.3

The reported uncertainty of measurement is stated as the standard uncerainty of
Measurement multiplied by the coverage factor k=2, which for a normal distribution
Corresponds 1o a coverage probability of approximately 95%.

A The uncertainties of Norm X, Y, Z do not affect the EX-fiekd uncertsinty inside TSL (see Page S and Page 8).
Numerical linearization parameter. uncertainty not required

¥ Uncertainly is determined using the max. deviation from linear response applying rectangular distribution

and is expressed for the equare of the field value
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DASY/EASY - Parameters of Probe: EX3DV4 — SN: 3881

Calibration Parameter Determined in Head Tissue Simulating Media

< | Relative | Conductivity | < | Depth® | Unct.
f [MHz] Permittivity " (Sfm)* ConvF X ConvFY | ConvF Z | Alpha (mm) | (ke2)
B35 415 0.90 9.65 9.66 9,66 016 | 1.26 | =12%
1800 40.0 1.40 7.95 7.6 7.96 0.18 | 1.34 | =12%

“ Frequency validny of +100MHz only applige for DASY w4 4 and higher (Page 2). else itis restricted to £50MHz, The
uncertairty is the RSS of Conv uncertainty at calibration frequency and the uncertainty for the indicsted frequency band,
Far frequency below 3 GHz. the validity of tissue paramaters (€ end @) can be relaxed to £10% if liquid compensaticn
formula ie applied to measured SAR values. Al frecuencies atbovs 3 GHz, the validty of tssue paramelers (s and o) is
restricied 10 £5%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters

. AlphaDeptn are datermined during calitration. SPEAG warrante that the remaning deviation due to the boundeary
effect after compensation is always lees than 3 1% for frequancies below 3 GHz and below & 2% for the fraquenciss
batween 3-6 GHz at any distance larger than half the probe fip dismeter from the boundary,

Certificate No: Z15-97095 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 < | Depth® | Unct.

1 [MHz) Permittivit Vi . (Sim)* ConvF X ‘ ConvFY | ConvF Z | Alpha (mm) | (ke2)
835 55.2 0.97 945 | 645 9.45 016 [ 138 | =12%
| 1500 53.3 152 | 760 7.60 7.60 0.15 | 1.60 | £12%

v Frequency valkity of £100MHz caly applies for DASY wé £ and higher (Page 2). else it is restricied to 250MHz. The
uncenainty is the RSS of Convf uncentainty at calibration frequency and the uncertainty for the indicated frequency band,
fat frequency below 3 GHz. the validity of lissue psramaters (€ and a) can be relaxed to +10% if liquid compensation
formula is applied to d SAR values. Al frequencies abovs 3 GHz, the vaidity of lissus paramaeters (s and o) Is
restricted 10 25%. The uncertainty is the RSS of the ConvF uncertainty for indicated target tissue parameters,

“ AlphaMepth are detarmined during calibration. SPEAG warrants that the remaining deviation due o the beundasy
effect after compensation is always less than + 1% for frequencies beicw 3 GHz and below + 2% for the frequencies
between 2-6 GHz at any distanca larger than half the probs lip dismeter from the boundary.

Certificare No: Z15-97095 Page 6 of 1)
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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 (®), 8=0°

f=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isofropy Assessment: $0.9% (k=2)
Certificate No: Z15.97095 Pagesof 11
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Dynamic Range f(SARncad)
(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)  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: 3881

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) o 170.2
Mechanical Surface Detection Mode . enabled
Optical Surface Detection Mode disable
Probe Overall Length 337Tmm
Probe Body Diameter 10mm
Tip Length - 9m:
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: Z15-97095 Page 1t af n
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Certificate No: Z14-97117

|
Object EX3DV4 - SN:3861

Calibration Procedure(s) TMC-0S-E-02-185

Calibration Procedures for Dosimetric E-fiald Probes

Calibration date: November 08, 2014

|
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 par of the certificate. |

Al calforations have been conducted in the closed laboratory faciity: environment temperature(z2:3)C and |
humidity<70%.

|_ Calibration Equipment wsed (MATE critical for calibration)

| Primary Standards ID# __ Cal Date(Calibrated by, Cerlificatz No) _ Scheduled Cakbration |
| Power Meter NRP2 101918 31-Jul-14 {CTTL, No.J14X02 145) Jun-15
Power sensor NRP-Z81 | 101547 O1=Jul-14 (CTTL, No.J14X02 146) Jun-15
Power sensor  NRP-Z91 | 101548 0-Jul-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAenuator | BT0520 12-Dec-12(TMC, No.JZ12-887) Dec-14
Referencez0dBAtienuator | BTO26T 12-Dec-12(TMC. No.JZ 12-268) Diec-14 |
| Reference Probe EX3DV4 | SN 3617 28-Aug-14(SPEAGNo. EX3-3617_Aug14) Aug-15 |
| DAE4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan -15 I
! Secondary Standards D # Cal Date(Calibrated by, Certificate No.)  Scheduled Calibration |
| SignalGeneratorMGIT00A | 6201052605  01-Juk-14 (CTTL, No.J14X02145) Jun-15 |
| Network Analyzer ESO71C | MY46110673  15-Feb-14 (TMC, No.JZ14-781) ____ Feb-15 o
Name Function Signature 4‘
| Calbxatnd by: Yu Zongying SAR Test Engineer I
I Reviewsd by: Qi Dianyuan SAR Project Leader —R__ |
|
| Approved by Lu Bingsong Deputy Director of the laboratory m;ﬁ, '
| .
lzsued: Movember 07, 2014 |

| This calibration certificate shall not be reproduced except in full withaut written approval of the laboratory.

Certificaie No: £14-97117 Page 1 of 11
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Glossary:
TSL tissue simulating liquid
MORM:x vz 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
ABCD modulation dependent linearization parameters

Polarization @ @ rotation around probe axis
Polarization & B rotation around an axis that is in the plane normal te probe axis (at measurement canter), |
B=0 is normal to probe axis

Caonnector Angle  information used in DASY system to align probe sensor X to the robat coordinate system

Calibration is Parformed According to the Following Standards:

a) IEEE Std 1528.2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged
Specific Absorplion Rate (SAR} in the Human Head from Wireless Communications Devices:
Measurement Techniques”. June 2013

b} IEC 622001, “Procedure to measure the Specific Absorption Rate [SAR) for hand-held devices used
in close proximity to the ear (frequency range of 300MHz to IGHz)", February 2005

Methods Applied and Interpretation of Parameters:

*  NORMx vz Assessed for E-field polarization 8=0 {f=500MHz in TEM-cell; = 1800MHz: waveguidea).
NORMz,y,z are only intermediate values, i.e., the uncartainties of MNORMzx.v.z does not effect the
E* field uncertainty inside TSL (see below ConvF).

v NORM{Tx, 1z = NORMx, . 2* frequency_response (see F requency Response Chart). Thig
linearization is implemented in DASY4 sofiware versions lafer than 4.2, The uncertainty of the
frequency response is included in the stated unceriainty of ConvF.

*  DCPyy.2- DCP are numerical linearization parameters assessed based on the data of power sweep
(ro uncertainty required), DCP doss not depend on frequency nor media.

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

s Axyr Bxyz Cupr VRx, . 2:A B.C are numerical linearization parameters assessed based on the
data of power sweep for specific modulation signal, The parameters do not depend an frequency nar
media. VR is the maximum calibration range expressed in RMS veoltage across the diode.

*  ComvF and Boundary Effect Paramaters: Assessed in flat phantom using E-field {or Temperature
Transfer Standard for £2B00MHz) 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 vaived are given,
These parameters are used in DASY4 softwars to improve probe accuracy close to the boundary.
The sansitivity in TSL corresponds to NORMx, y.2* ConvF whereby the uncertainty corresponds to
that given for ConvF Afrequency dependent ConvF is used in DASY version 4.4 and higher which
allows extending the validity from+50MHz to4100MHz,

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

= Sensor Offset The sensor offsel coresponds to the offset of virual measurement center from tha
probe tip (on probe axis). Mo tolerance required.

= Cannector Angle: The angle is assessed using the information gained by determining the NORMx
{no uncenainty required),

Certificate Mo: Z14-97117 Page 2 of 11
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Probe EX3DV4

SN: 3881

Calibrated: November 08, 2014
Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system|}
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DASY - Parameters of Probe: EX3DV4 - SN: 3881

Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Une (k=2)
Nom{pViiVim)*)* 0.18 039 0.51 +10.8%
DCP{mV)® {963 101.8 1023

Modulation Calibration Parameters

uip Communication [ & B c D VR Unc®
System Name dB dBpV dB mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 8935 +3.0%
¥ 0.0 0.0 1.0 1606
| z 0.0 0.0 1.0 183.4

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
Cofmesponds to a covarage probability of approximately 85%.

* The uncertainties of Norm X, ¥, Z do not affect the E*-field uncertainty inside TSL (see Page 5 and Page 6),
& Wumerical linearization parameter. uncertainty nat requined.

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

Centificate Wo: Z14-97117 Page 4 af 11
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DASY - Parameters of Probe: EX3DV4 - SN: 3881

Calibration Parameter Determined in Head Tissue Simulating Media

a
f MHz]" FlmF m'::::;r:” ConvF X | ConvF Y | ConvF Z | Alpha® m :":_':

750 419 0.89 5.88 9.88 988 | 033 | 081 [+12%
2600 38.0 1.96 6.91 6.91 691 | 050 | 077 [+12%
5300 359 4.76 522 5.22 522 | 052 | 070 | +13%
5500 | 356 4.96 469 469 469 | 045 | 073 |+13%
5600 | 355 5.07 443 4.43 443 | 057 | 061 | z13%
5800 | 353 527 4.20 4.20 420 | 0568 | 056 | +13%

© Frequency validity of £100MHz only applies. for DASY v4.4 and higher (Page 2), sise it is restricted 1o £50MHz. The
uncertainty is the RSS of ConvF uncertainty at calibration frequency and the wncertainty for the indicated frequency band.
F a1 frequency below 3 GHz, the validity of tissue parameters (¢ and a) can be reloosd 1o £10% if liquid compensation
formuta is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is
rastricted to +5%. Tha uncartainty is tha RSS of the ConvF uncertainty for indicated target tissue paramelers.

© plpha/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 balow 3 GHz and below + 2% for the frequencies.
between 3-8 GHz at any distance larger than half the probe tip diameter from the boundary

Centificate do: Z14-97117
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DASY - Parameters of Probe: EX3DV4 - SN: 3881

Calibration Parameter Determined in Body Tissue Simulating Media

G
1 [MH]° R'”'LF n“'"l'mf’ ConvF X | ConvF Y | ConvF Z | Alpha® m :':_";:
[ 750 555 0.96 9.56 9.58 056 D15 | 1.49 | £12%
| 2600 525 216 7.19 7.18 7.19 D41 | 000 [ +12%
5300 48.9 542 481 4.61 4.61 0.45 111 | £13%
5500 48.6 5.65 4.22 4.22 422 | 043 | 127 [£13%
5600 | 485 5.77 4,13 4.13 413 | 043 | 136 [£13%
5800 | 482 6.00 421 | 421 4.21 045 [ 148 | z13%

© Frequency validity of £100MHz only applies for DASY wd.4 and higher (Page 2), elsz it is restricted io £50MHz. The
uncartainty is the RSS of ConwF uncertainty at calibration frequency and the uncertainty for the indicatad frequency band.
" At frequency below 3 GHz. the validity of tissue parameters (£ and o) can be refaxed to £10% if liquid compensation
formula is applied to measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (£ and g) is
restricied 1o £5%. The uncenainty is the RSS of the ComvF uncertainty for indicated target fisswe paramelers.

% slphalDepth are detarmined during calibration. SPEAG warrants that the remaining deviation due to the boundary
effect after compengation is always less than 2 1% for frequencies below 3 GHz and below + 2% for the frequencies
betweean 3-8 GHz at any distance larger than half the probe tip diameter from the boundary.
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Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response (normalized)
P
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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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Dynamic Range f(SARpeaq)
(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=2600 MHz, WGLS R26{H_convF)
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Uncertainty of Spherical Isotropy Assessment: $2.8% (K=2)
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DASY - Parameters of Probe: EX3DV4 - SN: 3881

Other Probe Parameters

Sensor Arrangament Triangular
Connector Angle (%) 170.2
Mechanical Surface Detection Mode N enabled
Optical Surface Detection Mode disable
Probe Overall Length ' 337mm
Probe Body Diameter | 10mm
Tip Langth | Smm
Tip Diameter 2.5mm
Probe Tip to Sensor X Calibration Point 1imm
|. Probe Tip to Sensor Y Calibration Point imm
! Probe Tip to Sensor £ Calibration Point 1mm |
[ Recommended Measurement Distance from Surface 2Zmm

Certificate Mo: Z14-97117 Page 11 of 11
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