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[CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3881

Calibralion procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for _do__simetric E-field probes
Calibration date: July 22, 2014

This calibration certificale documents the traceabilily to nalional standards, which realize the physical units of measurements (S1).
The measurements and the uncertainlies with confidence probability are given on the following pages and are part of ihe certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperalure (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Cerlificate No.) Scheduled Calibration

Power meter E4419B GB41293874 03-Apr-14 (No. 217-01911) Apr-15

Power sensor E4412A MY41488087 03-Apr-14 (No. 217-01811) Apr-15

Reference 3 dB Allenuator SN: 55054 (3c) 03-Apr-14 (No. 217-01915) Apr-15

Reference 20 dB Altenuator SN: 85277 (20x) 03-Apr-14 (No. 217-01919) Apr-15

Reference 30 dB Allenuator SN: §5129 (30b) 03-Apr-14 (No. 217-01920) Apr-16

Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Deci3) Dec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-660_Dec13) Dec-14

Secondary Standards 1D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US$37390585 18-0Qct-01 {in house check Ocl-13) In house check: Oct-14
MName Funclion Signature ]

Calibrated by: Jeton Kastrali. g _ Laboratory Technician C

Approved by: ‘Kalja Pokovic Lo T'c_achn_ica_\ Manager : % é =

lssued: July 23, 2014

This calibration cerificate shall not be reproduced except in full wilhout wrilten approval of the laboralory.
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Glossary:

TSL lissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivily in TSL / NORMx,y,z

DCP diode compression point

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

A B,CD modutation dependent linearization parameters

Polarization o ¢ rotation around probe axis

Polarization 4 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0is 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

b) IEC 62209-1, “Procedure to measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximily to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM&,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect 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
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

o Axy.z; Bx,y,z; Cx,y.z; Dx,y,z; VRx,y,z: A, B, C, D 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.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical fleld distributions based on power
measurements for f > 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values 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 + 50 MHz to + 100
MHz.

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

o Sensor Offsef: 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).
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The National Institute of Metrology (NIM)

EX3DV4 — SN:3881 July 22, 2014

Probe EX3DV4

SN:3881

Manufactured:  April 30, 2012
Calibrated: July 22, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVA(V/m)*)" 0.18 0.37 0.53 +10.1%
DCP (mV)” 96.5 100.9 101.1

Modulation Calibration Parameters

[V]]e] Communication System Name A B C D VR Unc"
dB dBvVuV dB mv (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1334 | #4.1%
Y 0.0 0.0 1.0 131.0 ]
Z 0.0 | 0.0 1.0 132.8 J

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%.

A The uncertainlies of NormX,Y,Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6).

% Numerical linearization parameter: uncertainly not required.

£ Uncertainty is delermined using the max. devialion from linear response applying rectang lar distribution and is
field value.

p d for the square of the

Certificate No: £X3-3881_Jul14 Page 4 of 11



The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.

f(MHz)® | Permittivity " (sim)f ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
450 435 0.87 10.60 10.60 10.60 0.18 1.80 +13.3 %
835 415 0.90 9.41 9.41 9.41 0.49 0.70 +120%
1900 40.0 1.40 8.09 8.09 8.09 0.57 0.64 £120%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else il is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainly at calibralion 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
validily can be extended to + 110 MHz.

Fat frequencies below 3 GHz, the validity of lissue parameters (¢ and o) can be relaxed to + 10% if liquid compensalion formula is applied to
measured SAR values. At frequencies above 3 GHz, the validily of lissue paramelers (e and o) is restricted to + 5%. The uncertainly is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

S 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 frequencies between 3-6 GHz at any dislance larger than half the probe tip
diameter from the boundary.

Certificate No: EX3-3881_Jul14 Page 5of 11



The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unet,

f(MHz)® | Permittivity" (sim)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 56.7 0.94 10.75 10.75 10.75 0.10 1.50 +133 %
835 55.2 0.97 9.34 9.34 9.34 0.30 1.03 +12.0%
1900 53.3 1.52 8.25 8.25 8.25 0.46 1.00 +12.0%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is resiricted to + 50 MHz. The
uncertainty is the RSS of the 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 al 30, 64, 128, 150 and 220 MHz respeclively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.

¥ At frequencies 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 £ §%. The uncertainty is the RSS of
the ConvF uncertainly for indicated target lissue paramelers.

¢ Alpha/Depth are delermined during calibration. SPEAG warrants thal the remaining deviation due to the boundary effec! after compensation Is
always less than + 1% for frequencies below 3 GHz and below % 2% for frequencies between 3-6 GHz at any distance larger than hatf the probe lip
diameter from the boundary.
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The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

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)
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The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz,R22

135, 45 135 45
"L ’ * Ll
. \ / k
- 1
: ' y ! ’ 1 {
i . N I3 +
i . 1 v
: . i # | —
h .y ¥ i
] vy ) - o 18s .
/ ©C vy ez o4 0p 08 i :
i £ e o v
* L i ¥ !
L) N { . ]
] ‘. ! Y
s i 'l ' ! . 1
. ' ! . ' '
A L) * . l: | . L
25 s e it HE 5" S 315

Tot X z Tol

05-{4
g L 5 : : é :
= . i e e - : N o.___.® t:te'tiirt'. 24
= R R e L e ST I S S e o N T T PR e e
'E 00-¢: r«#-ﬁewsf 5 g I=pg ¢; §rogoig-ae=4 g:-,l—asﬁ-g-—’%‘“a_—a‘l-u !jjl" . v 0§
C L L 1 i 1 i :; 1 1 1 i i i i i L i I 1 L 1 i 1 L 1 1 1 i
-150 100

Roll [*]

: 50
1 Omiz E‘.E@Hz 1 sdb;ﬁl Hz 25 ;‘:b%Hz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

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

Cerlificate No: EX3-3881_Jul14 Page 9 of 11



The National Institute of Metrology (NIM)

EX3DV4- SN:3881 July 22, 2014

Conversion Factor Assessment

f= 835 MHz, WGLS R9 (H_convF) f= 1900 MHz,WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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EX3DV4- SN:3881

The National Institute of Metrology (NIM)

July 22, 2014

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -10.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Lenath 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-3881_Jul14 Page 11 of 11
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Client AUDEN Certificate No: 21467164
CALIBRATION CERTIFICATE

Object ES3DV3 - SN:3203

Calibration Procedure(s) TMC-0S-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(SI). 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%.

Callibration Equipment used (M&TE critical for calibration)

Primary Standards ' D # 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.J14X02146) Jun-15
Power sensor NRP-Z91 | 101548 01-Jul-14 (CTTL, No.J14X02146) Jun-15
Reference10dBAttenuator | 18N5S0W-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 No.EX3-3617_Aug14) Aug-15
DAE4 SN 1331 23-Jan-14 (SPEAG, DAE4-1331_Jan14)  Jan-15
Secondary Standards ID# 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 Engineer /} _
Reviewed by: Qi Dianyuan SAR Project Leader M
Approved by Lu Bingsong Deputy Director of the laboratory /?L 1%7’7?2
Issued: Decemler 20, 2014

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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The National Institute of Metrology (NIM)
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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@chinattl.com Hup:/iwww.chinatl.cn
Glossary:
TSL tissue simulating liquid
NORMXx,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 8 6 rotation around an axis that is in the plane normal to probe axis (at measurement center), i

Con

6=0 is normal to probe axis
nector 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:

NORMz,y,z: Assessed for E-field polarization 8=0 (fs900MHz in TEM-cell; f>1800MHz: waveguide).
NORMYy,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.

DCPx,y,z: 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.

Ax,y.z; Bx,y,z; Cx,y.z;VRx,y,z:A,B,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.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature
Transfer Standard for f<800MHz) and inside waveguide using analytical field distributions based on
power measurements for f >800MHz. The same setups are used for assessment of the parameters
applied for boundary compensation (alpha, depth) of which typical uncertainty valued are 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.

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 NORMXx
(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!)
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Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504

E-mail: cttl@chinattl.com Hup:/fwww.chinattl.cn
DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3203

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm(pV/(Vim)4)* 1.39 1.37 1.19 +10.8% ‘.
DCP(mV)® 103.9 100.8 104.3

Modulation Calibration Parameters

f

| UID Communication A B Cc D VR Unec
: System Name dB dBvuvV dB mvV (k=2)
0 cw X 0.0 0.0 1.0 0.00 298.4 +2.3%
Y 0.0 0.0 1.0 292.8
Z 0.0 0.0 1.0 2727

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%.

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.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3203

Calibration Parameter Determined in Head Tissue Simulating Media

. . G |
f [MHz]° Pe?;'li‘::::yF °°"‘:;f|:‘;fy GonvF X | ConvF Y | ConvF Z | Alpha® E::’;'; (L::;c;]
900 415 0.97 ~ 6.55 6.55 6.55 | 032 | 166 | +12%
1810 | 40.0 140 | 520 5.20 520 | 067 | 127 | +12%
2450 | 392 1.80 455 4.55 455 | 090 | 1.10 | +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 Page 5 of 11
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DASY/EASY - Parameters of Probe: ES3DV3 - SN: 3203

Calibration Parameter Determined in Body Tissue Simulating Media

- 3

f [MHz]® PETI":II::;::.Y . Cond(:::rtr:\;i:y ConvF X | ConvF Y | ConvF Z | Alpha® rifnp:; {L::;t’
900 55.0 1.05 6.20 6.20 6.20 0.55 1.38 | £12%
1810 53.3 1.62 4.88 4.88 4.88 0.46 1.60 | £12%
2450 52.7 1.95 4.47 4.47 4.47 0.59 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.
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.

S 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 Page 6 of 11

Page 117 of 162



The National Institute of Metrology (NIM)

&?\Ti In Collaboration with
i s p e a g
N

CALIBRATION LABORATORY

Add: No.51 Xueynan Road, Haidian District, Beijing, 100191, China
Tel: +86-10-62304633-2079 Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com Hitp:iiwww.chinaill.cn

Frequency Response of E-Field
(TEM-Cell: ifi110 EXX, Waveguide: R22)

Frequency response (normalized)

7
1500 2000 2500

Eo f [MHz] o

TEM R22

T
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 : .
06 ik
JRYS S — R S =
g - rresseeeeseseses passnnas] : - - i
w s i : i
0.6 . . i H O . , {
1.0 T T r 1 T T T T [ T 1 T
-160 -100 -50 0 60 100 150
Rollf*l
[F+-]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(SAR}caq)
(TEM cell, f = 900 MHz)

Input Signal[uV]

The National Institute of Metrology (NIM)

E®not compensated  —®— compensated

2 i i ,' i
10* 10"

1

10° 3 10
SAR[mWi/em’)

| Fmnot compensated —e— compensated |

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

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

4.00 30.60
3.00 Y AR
\ 20,00
z 250 2 :
B k T
‘ézm i gls.uu - et
« q‘,_ o b‘1 !
& 150 LI h ‘
100
&% 5,00
050
0.00 ! kY £.00 POy
0 2 40 &0 80 100 B0 20 30 40 50 6 70
2{mnn] zZimm)
| —o-measured ~——analtical | [ —8—meastred ——analylicdl
Deviation from Isotropy in Liquid
2
2
~
Uncertamty of Spherical Isotropy Assessmenl +2 8% {K=2)
Centificate No: Z14-97164 Page 10 of 11
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DASY/EASY - Parameters of Probe: ES3DV3

Other Probe Parameters

The National Institute of Metrology (NIM)

- SN: 3203

! Sensor Arrangement

Triangular

Connector Angle {*)

175.2

Mechanical Surface Detection Mode

enabled

Optical Surface Detection Mode

disable

Probe Overall Length

337mm

Probe Body Diameter

10mm

Tip Length

10mm

Tip Diameter

Amm

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
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Calibration procedure for dipole validation kits above 700 MHz

Sepiembar 24, 2012
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.z
A not applicabde or not measurad

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specilic Absorption Rate (SAR) in the Human Head from Wiraless
Communications Devices: Measwrement Technigues®, December 2003

b} IEC 62208-1, "Procedure to measurs the Specific Absorption Rate (SAR) for hand-held
devices used in close proxmity to the ear (freguency range of 300 MHz to 3 GHz)",
Fabruary 2005

¢} Federal Communications Commission Office af Enginesring & Technology (FOC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Electromagnets Fields; Addtional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure o Radiolreguency Emssions”,
Supplament C (Editicn 31-01) to Bullatin &5

Additional Documentation:
d) DASYY'S System Handbook

Methods Applied and Interpretation of Parameters:

= Measyrement Condifons: Further detalls ane avallable from the Vakdation Flepor at the end
of the cardificate. All figures stated in the cedificate are valid at the frequency indicated.

=  Amfennag Parameters with TSL: The dipobe is mounted with the spacer to position it feed
point axacty balow the center marking of the flat phantom section, with the arms ariented
parallel o the body axs.

= Faed Poind impedance and Reluvm Loss: These paramebers ane measured with the dipole
positionsd under the liquid filled phamtom. The impedance stated |s tranafommed (rom the
measurement al the SMA connector to the feed point. The Retum Loss ensures low
reflected power. Mo unceralnty reguired.

& Elpctrical Defay: QOne-way delay betwesn the SWA conneclor and the antenna feed paint,
Mo uncarainty reguired.
SAR measwad: SAR measwred at the stated antenna input power,
BAR normalized: SAR as measured, normalized 1o an input power of 1 W at the anlenna
connecior.

+  BAR for novminal TSL paramelers: The measwred TSL paramelers are used to calculate the
mamingl SAR result

Tha reported uncertainky of measuremaent is stated as the standard uncertainty of measurement
muttiphied by the coverage factor k=2, which for a normal distribution comesponds to a coverage
probakility of approxdamataly 95%.

Carplicaln Mo DECEV2-4d141_Sep12 Page 2 of &
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Measurement Conditions
DASY sysiam conliguration, & fas 8 nel given on pags 1.
DASY Version DASYS WEZEZD
Extrapalation Mchmnced Exirapalation
Phantom Mochaar Flal Phantom
Distance Dipole Center - TSL 15 mm wath Spaoor
Zoom Scan Resaluticn oR, gy, dz = & mmi
Frequency B35 MHz = 1 MH:z
Head TSL parameters
Tha foliwing paremetors and colouialiong weey applied.
Ternparatune Parmittivity Conductivity
Momingl Heaed TSL pairdamisbins A q41.5 . 50 mihiodm
Measured Head TSL parameders (220 &0.2) 50 413 kE% 000 mbodm = 6 %
Hisdl TSL beemipetaratione chamnge during best wills T [T, —
SAR result with Head TSL
AR svarnged cver 1 em® (1 g) of Heed TSL Condition
SAR measured 280 e Input powar 2,94 mW g
SR for nominal Head TSL parsmetan ncemalized o 19 535 MW ig £ 17.0 % (k=2)
SR averaged ower 10 cm” {10 g} of Hesd TEL condilion
BAR maasured 250 i el powes 1.53mW I g
SA4R for nominal Head TSL pamedons normakzed to 1% B2 mW ig o 18.5 % (k=2
Body TSL parameters
mwmgmnmuﬂmmﬂmnﬂiﬂ
Temperature Parmittivity Candwsiivity
Homingl Body TSL pardmabsrs F2OC 55,3 {0187 mho'm
Measured Body TSL parameters (220 =02 "C BEi2+6% 1.00 mhoim z B %
Body TSL eenparaiure changs during besi =050 - -
SAR result with Body TEL
GAF avernged over 1 cm® {1 g o Body TSL Condiion
SAR maasunsd 250 W InpUn powesr 248 MW I g
S&A for nominal Body TSL parametars nomalzed o 1W 048 mW i gw 17.0 % (k=2)
SAR averaged over 10 em® (10 g} of Body TSL condition
SR moasured 250 mW inpid poear 180 MW /g
SAR lor rodmirsd Body TSL paiarrsders nomalined 1o 1W ﬂ.!lm‘w.f't'l"!.l'!ilhﬂb
Canifcats Mo DAASVZ-4A141_Sapiz Paga 3ol 8
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Appendix
Antenna Parameters with Head TSL
Impsctanca, iranslormed (o hesd pain BREL-2.7|0
Ratum Loss - 20.7 0B
Antenna FParameters with Body TSL
Impadance. ranatermad 1o fesd poird BOL1 41- 1.6 0
Aafurn Loss - M6 dB
General Antenna Parameters and Daesign
| Etoctrical Delny [ora diacton) | 1,381 e |

After long ierm usa with 100\ radiated powss, enly & slight warming ol the dipcle ressr (he lsedpoint can be measured.

The dipols & mads of standand semingid coaxel cable. The center conductor of the fesding Ina is dincily conneciad (o ke
socond arm of the dipole. Tha anterna is theredone shon-cecubed for DC-signals. On soma ol (ke dipales, amall end caps
an addad bo T dipoke arms in order 1o improve matching when bedad acceding 1o the postion &8 sxplained in e
"Maasuremssn Conditions” pasagragpn, Tha S48 dala ara nal alfectsd by this change. The ovaral dipole length is sHl

actonding o ha Standard.

o axceasive foroe must be applied 1o the dipole arms, because they might bend or the soldernd conrsctions nas the

tendpoin may ba damapgec

Additianal EUT Data

Manufactured by

SPEAG

Manufaciursd on

March 27, 2012

Coritioain Mo D36V 2-4d141_5ep12
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DASYS Validation Report for Head TSL

Lkare: 24092012
Test Laboratory: SPEAC, Lurich, Switzerland
VT Dipeole 835 MHz: Tvpe: DEBASVY: Serinl; DEASVE - SN: 4d141

Communmication Sysiem: CW; FT:-:.||,|;_-|'|.,-:.- 535 MHz

Medmum parameters used; =835 MHz; 6 = 00 mbo'm: & =41.3; p= 1000 l'!_I::.I'F-HI
Fhamom secion: Flar SectHmn

Measurement Slandand: DASY S (TEEEFAIEC! AMS] C63, 19-5MTT

ASY 52 Confliguration:
e  Profe: ESIDYE - SN330G: ConvFia.07, 6,07, 6,07 Calibrated: 30.12.2001;
#  Sensor-Surface: Imm {Mechanical Surface Detection)
= Fleciromca: DAED Sablll; Calibraved: 27062012
= Fhamtom: Flat Phaniom 4.90; Type: QDOOPA9AA; Serial; 100]

s DASYSI SLH 969 SEMOUAD X 14,6, 6{68234)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm XZFoom Scan (7TxTxT)/Cobe 0:
Mezsuremnent grid: du=Smm, dy=5mm, dz=Smm

Reference Yalope = 56,647 %m; Power Drifi = 0.03 4B

Peak SAR {exirapolasied) = 3,447 mW /g

SARI] gh =234 mW/g: SAROID g) = 1.53 miW¥ig

baximum value of SAR (messured) = 2.71 Wikg

2]
i
2.40

440

120

0 dB = 2.71 Wikg = 8.66 dB Wikg

Corificats Mo DBISVI-4141_Sepi? Fage 5ol 8
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Impedance Measurement Plot for Head TSL
HH Hep FELF  dlardf@sin
EELECEY T T

BRI e -AFIEn BLTET EF
e——
" .-._I

CHD #1211 1 u Fs
] : =
[} ’ y

Car i
i
o
i
Hid ——
CHz TJ-L J-FPI'-_LI.ELB.FI"_'M
o
Cae | H"'\-.H
e -
S -
Hig = =
:- B R
STAET GIATLANA @AA HHE LTOP 1 1RRALO0 099 FHE

FagaGof B
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DASYS Validatlon Report lor Body TSL

LDhane: 24,00, 2 2
el Laboralory: SPEAG, Funch, Swilzerlond
DUT: Dipole B35 MHz; Type: DEISY2; Serial: DEISY2 - SN: 4d 14]

Communication Svstem: CW; Fregueency: 833 MHz

Mediom parameters usal: f= 815 MHz; o = | mhaoim; & = 53.2. p = 1K) l‘-'r'-"""'l
Phantom secon: Flal Section

Mleasurement Slandand: DASYS ([EEEAECSANS] O3, 1920407}

DASY 52 Coafiguration:
= Probe: ESIDV - SNI20S: ConvF(B02, 602, 602); Calibrated: 30122011
o Sensor-Surface; Jmm (Mechanical Surface Detecrion)
»  Elecironics: DAE4 Sl : Calibrated: 27 062012
s Phantom: Flat Phantom 4.90.; Type: QIDNNOPI9AA; Serial: 1001

o DASYSE 5L H 20N SEMUAD X 14.6.6/6824)

Dipole Calibration for Body Tissue/Pin=250 mYY, d=15mm/Zoeom Scan (7x7TxT W Cube 0:
Mensurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 35 345 Vim: Power Dinft = 0,02 B

Peak SAR (exirapolaled) = 2541 mWig

EAR(T gh = 244 mWig; SAR(LD g) = 1.6 mWWig

Maximum value of SAR (measured) = 285 Wike

4. B0

40

1&.0

0dl = 285 Wikg = B 10 dB Wikp

Cabcats Me DEISVe-ad141 Sapid Paga T el 8
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Impedance Measurement Plot for Body TSL
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D835V2, Extended Dipole Calibrations
Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency to reduce
uncertainty in the power measurement.
Per KDB 865664 DO01,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration
interval can be extended.

Justification of the extended calibration

D835V2
835 Head
Date of Return-Loss Delta Im}i?lilnce Delta IIr?ll;eg(llI;?l?; Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
9.24.2012 -28.730 -- 52.612 - 2.697 --
9.24.2013 -28.420 1.07 52.828 0.216 3452 0.755
9.24.2014 -27.920 2.81 52.943 0.331 3.689 0.092

D835V2
835 Body
Date of Return-Loss Delta Im]i?l?nce Delta IIIIE;eg:;;?; Delta
0

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
9.24.2012 -34.618 -- 50.109 - 1.918 --
9.24.2013 -34.142 1.37 49.537 0.572 2.534 0.616
9.24.2014 -33.973 1.86 49.123 0.986 2.902 0.984

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.
Therefore the verification result should support extended calibration.
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Glossary:

TEL tissue simulating liguid

ConvF sansitivity in TSL/ NORM =,y z
MSA ol applicable ar nol measuned

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-20:03, "EEE Recommended Practice for Determining the Paak Spatial-
Averaged Specific Absorption Rate (SAR) in the Hurman Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

by IEC 622081, "Procedure o measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz 1o 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidselines for Human Exposure to Redicfrequancy
Electromagnetic Fields, Additional Inasmation for Evaluating Cormpliancs of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
dy DASYA/S System Handbook

Methods Applied and Interpretation of Farameters:

= Measurement Conditions: Further details are available from the Validation Report at the end
of the codificate. All igures stated n the cerilicate ar valid at the frequency indicatad.

* Antenna Parameters with TSL: The dipole is mounied with the spacer to position its feed
polnt exactly below the center marking of the flat phantom section, with the arms orfented
paralks to the body axis.

= Feed Poinf impedance and Refum Loss: These parameters are measured with the dipole
positioned undar the liquid filled phantom. The mpedance stated is transformed from the
masurament al the SMA connector 10 the feed point. The Retum Loss ensures low
refleciad power. No uncartainty raguired.

= Electrical Delay: One-way delay beteeen the SMA connector and the antenna feed point.
Mo unceriainty redquired.

SAR measwred: SAR maasured at the stated antennd npul power,
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connectos,

«  SAR for mowminal TSL paramefers: The measured TSL parameters are used to calculate the
mominal SAR result.

The reported uncerainty of measurement is stated as the standard uncerainty of measurement
multiphed by the factor k=2, which for a normal distribution correspands 1o a coverage
probability of approxi B5%.

Certhcate No: DB00VI-5E82_Sepid Fage 2 ol 8
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Measurement Conditions
DASY systom configuraticn, as far 25 not given on page 1
DASY Version DASYS WaZA2
Extrapalitican #chmnoed Exirapolation
Phantom KModidar Flal Phanicm
Digtance Dipols Canter - TSL 10 mm with Spaar
Zoom Scan Aesclution de, dy, dz =5 mm
Fraguancy 1800 Mz = 1 MHz
Head TSL parameters
Tha falkireing paramalan and caliulstors wane applisd.
T et Lard Peemniftivity Conductivty
Momanal Hesd TSL parameters 2o 4o .40 mihaim
Measured Head TSL paramitens (2200 & 0.2 70 AR e 5% 1.7 mhodm £ 86 %
Head TSL temperathsre change during test = 05"C e -
SAR result with Head TSL
SAR svernged ower 1.om” {1 g) of Head TSL Caonditian
SAR Feddirad D W inpul possar BB Y g
SAR for nominal Head TSL paramaeinrs mimnalizad fo W A MW Ag m 170 % (k=)
SAR veeaged cver 10 em® (10 g of Hand TSL condition
SAR messured F0 mW inpul powaer 513 mi i g
SAR for neminal Head TSL paramatars rmalizad fo 1W 0.7 MW A = 185 % (k=D)

Body TSL parameters
The Following parametens and caloulsiors were applisd,
Tam paraiure Pesmitzivity Comduslivity
Hominal Body TSL parameters 2R0G 503 1.52 mha'm
Messured Body TSL paramohers Z20+0.2)=C E25eE 1.54 mboe'm £ 8 %
Body TSL lemperature change during test <08 *G —_— —-
SAR result with Body TSL
SAR averaged ower 1 cm” (1 g) of Body TEL Condilian
SAR massurnd 250 mW inpul powar Tl i g
SAF for nominal Body TSL parameters rarmalized o 1W 40,7 mW g om 170 % (k=3)
SAR svaraged ower 10 om® (10 g) of Body TSL condtion
SAR e 50 W inpust povenr 5.45 mil g
SaR for nominal Body TSL pacameters rarmmaliesd i 1W 2106 mW g = 16.9 % (k=3)
Cerificala Mo: D1900V2-54162_Sepi2 Page 3ol 8
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Appendix

Antenna Parameters with Head TSL
impedanca, ranséomed o feed point B304 400
Ralurm Logss -1 dE

Antenna Paramaters with Body TSL

Impadance, ransiormed oo fead point 492 0 + 5.0 53
Ralum Lass = 25,5 d8

General Antenna Parameters and Dealgn

| Electrical Detay (one direction) | 1.197 i

Afer long beem use with 100% adialed power. only a skight wanming of e dipols near Tha feedpaind can be measered.

Tha dipcla s mada of standard semirgid coadial cabla, Tha canler corducton of the fsading lime s drecily connecled ba @ha
slcord amm of the dipode. The antermna @ heralons shon-circuiled for DC-siorals. On some of the dipolos, smaill end caps
A added i ihe dpols arnd in ender o imprave matching when loaded according to The position as axplaned in e
Mhepsuramanl Condiions® paragraph, Thi SAR daba are not afected by this change. The overall dipole length is sill
acconding o the Slandard.

Mo axpassive farce must b appdied to e dipolie arms, Decauss Ty might band or T Sk0end cormnefae s raar e
Inadpainl may ba damaged.

Additional EUT Data
Marutacmad by SPEAG
Marulacunad on Dacambar 20, 2011

Certficate Mo: D1SE0V2-Sd162_Sapi2 Page 4 ol &
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CASYE Validation Report for Head TSL

Crane: 21042012
Test Laboratory: SFEAG, Zurich, Switzerand
D7T: Digsode 19N BMHz; Type: DAY 2; Serial: DIWHV - SN 54162

Commanication System: OW; Freguency: 1900 MHz

Medium parameters used: = 1900 MHz; o = 137 mho'm & = 40.6: p= 1000 l.g."m'
Phamom section: Flat Saction

Measurement Standard; DASY S (IEEETECFANS] Ch3. 19-200T)

DASY 5T Conliguration:
¢ Probe: ES3DYS - SMNI20E; ConvF( 500, 5.00, 501 Calibraved: 3012301 1;
o Sepsor-Saface: 3mm (Mechanical Surface Dieleciion |
= Electronics: DAES Sné01; Calibeated: 27.06.2012
¢ Phantom: Flat Fhantom 5.0 (front): Type: QDUNOPS0AA: Seral: 100]

«  [rASYS2 5282090 SEMCAD X 14.6.606824)

Dipole Calibration for Head TissuePin=250 mW, d=10mm/Zeom Scan (Tx7x7WCube 0:
Measurement grid: dx=53mm, dy=3mm, dz=5mm

Feference Value = 95423 VWim; Power Dinfi = 0004 dB

Feak SAE {extrapolated) = 17236 mWig

SAR(L g1 = %65 m¥Wig: SARCID gl = 513 mY¥/g

Maxinum walse of SAR (measuwred )y = 11.9 Wikg

B 16

an

B o= 1% Wikg=21.5] dB Wiy

Carphiale Ma: D100V 50183 _Saptd Paga 5ol 8

Page 137 of 162



Impedance Measurement Plot for Head TSL

EHD 514 1 U FE

Eor

1 3h156 @ LAFIE 0 IFLEE pH

a o

The National Institute of Metrology (NIM)

#H Rep DPELT 1118EI9
1 UNS.B33 MR HHE

y

-

i

Hid

CHEZ fid o dgs

ETART 1 7oILBE 08

ETOR 3 150008 dRd FH

Carifcate Mo DIS00Y2-50182_Sapi2

Pagn&of B
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DASYS Validation Report for Body TSL

Duate: 21.00.2012
Teatl Laboratory: SPEAG, Zunich, Swiizerland
DUT: Dipale 190 MHz; Type: DIV E; Serial: DIWEY2 - SNz 54162

Communication System: CW, Freguency: 1900 MHz

Medium parameters used: f = 1900 MHz: a = 1.54 mho/m; &, = 52.5; p = 1000 kg/m'*
Phamtborm saction: Flat Section

Measuremsent Standard: DASYS ([EEETEC/ANS] a3 19-2007)

DASYS2 Configuralion:
«  Probe: ES3IDVI - SN3205: ConvF(d.62, 462, 4.62); Calibrated: 30012.2011:
*  Sensor-Surface: Imm (Mechanwcal Surface Detection)
#  Electromes: AED Sphdl; Calibraied: 27062012
« Phaniom: Flat Phantom 5.0 (back); Type: QDOOPS0AA; Seral: 10032

«  DASYST 52 8.2(969); SEMCAD X 14.6,6{6524)

Dipobe Calibration for Body Tissue/Pin=250 mW, d=1mm/Foom Scan (Tx7x7WVCube 0;
Messurement grid: dx=3mm., dy=5mr. dz=%min

Reference Walue = 95 423 Wim; Power Drift = 0,02 4B

Peak SAR (extrapolated) = [7.97% mWig

SAR(] g)= 10.3 mW/e: SARID g) = 5,45 miV/g

Maxmmum value of SAR {measured) = 12.9 Wikg

=

-iog

1240

1600

0dB = 129 Wikg = 2221 dB Wikg

Carbhicale Mao: D900V 2-5d162_Sep1? Page 7ol @
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impedance Measurement Plot for Body TSL

2L Eep IWT  QdzITeEE
EHl 514 1 U FE 13180 g ASEEE 0 ALE.ZYL pH 4 THLEAR R Fy

Dwl

Cor

Hld

ATART 1 FRRAM ARA MAE S0P 3 15 B A e

Cacthicala Mo: D1900V2-541682_Sapid Fago Bof B
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D1900V2, Extended Dipole Calibrations
Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency to reduce
uncertainty in the power measurement.
Per KDB 865664 DO1,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration

interval can be extended.

Justification of the extended calibration

D1900V2
1900 Head
Date of Return-Loss Delta Impr\e’zglnce Delta I:TTpaeg(;Zi% Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
9.21.2012 -26.073 -- 53.212 -- 3.997 --
9.21.2013 -25.720 1.35 53.463 0.824 4.253 0.256
9.21.2014 -25.320 3.35 54.043 0.831 4.836 0.839

D1900V2
1900 Body
Date of Return-Loss Delta Implzzzlnce Delta IInTpaegdig?\rcye Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
9.21.2012 -25.912 -- 49172 -- 4978 --
9.21.2013 -25.242 2.58 49.537 0.365 5.534 0.556
9.21.2014 -24.773 4.39 49.923 0.751 5.902 0.924

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.
Therefore the verification result should support extended calibration.
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Calibration Laboratory of

The National Institute of Metrology (NIM)

A1

. _cEQ ey .'-,:_ Schweizerischer Kalibrierdienst
Schmid & Partner o Saivios milems PEonRE
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland r-f::-"}_%,“\\ o Swiss Calibration Service
el lah®
Accradited by the Swiss Accremalion Service [SAS) Acereditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOBM x,y,z

MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

by 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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),

“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Decumentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. 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
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result,

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

Antenna Parameters with Head TSL

Impedance, transiormed to feed point 5300 +25)0

Return Loss . 28,4 d8

Antenna Parameters with Body TSL

Impadance, transformed to feed point 50.1 0 + 4.4 2

Return Loss -271 4B

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1.165 ns

After lang term use with 100W radiated powsr, anly a shght 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 diractly connected to the
second arm of the dipele. The antenna is therefore short-circuited for DC-signals. On some of the dipotes, small end caps
ara added to the dipole arms in order o Imprave matehing when loaded according o 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.

Mo 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 |

| Manufaciured an Dacembar 11, 2008 ]
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D2450V2, Extended Dipole Calibrations

Per IEEE Std 1528-2003,the dipole should have a return loss better than -20dB at the test frequency to reduce
uncertainty in the power measurement.

Per KDB 865664 DO1,if dipoles are verified in return loss(<-20dB,within 20% of prior calibration),and in
impedance (within 5 ohm of prior calibration),the annual calibration is not necessary and the calibration

interval can be extended.

Justification of the extended calibration

D2450V2
2450 Head
Date of Return-Loss Delta Impr\e’zglnce Delta I:?paegégi% Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
10.18.2012 -28.412 -- 53.012 -- 2.513 --
10.18.2013 -28.107 1.35 53.363 0.824 2.758 0.256
10.18.2014 -27.998 3.35 53.743 0.831 3.331 0.839

D2450V2
2450 Body
Date of Return-Loss Delta Impzzzlnce Delta Ilr:]npaegc;girgg Delta
0,

Measurement (dB) (%) (ohm) (ohm) (ohm) (ohm)
10.18.2012 -27.121 -- 50.132 -- 4.398 --
10.18.2013 -26.742 1.39 50.432 0.300 4.657 0.259
10.18.2014 -26.373 2.75 50.764 0.632 4872 0.474

The return loss is < -20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior calibration.
Therefore the verification result should support extended calibration.
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APPENDIX E: DAE VALIDATION KIT REPORT(S)

n
S\ ¢ laboration with SN
N
g
SL71L s p e a8 g sk
Sipmere—  CALIBRATION LABORATORY EL ]
Aded: Mo.3 1 Xueyuan Road, Hoidian Districl, Beijing, 100191, China 'J,/-':H\\Q‘ CALIBRATION
Tel: +B6-10-62304633-2218 Frx: +86-10-62304633-22040 T MNo. LOSTD
E-mail: ertlmehinatl.com Finpeftwwwechinattben
Client . SMQ Certificate No: 215.97033
CALIBRATION GERTIFICATE e r
: S - s s A s e SEREEAE ! |
| Object DAE4 - SN: 876 ‘

Calibration Procedura(s) FD-711-2-002-01

Calibration Procedure for the Data Acguisition Electronics
(DAEx)

Calibration date: March 09, 2015
This calibration Cerificate documents the traceability 1o national standards, which realize the physical units of
measurements(31), The measurements and the uncertainties wilh confidence probability are given on the following

pages and are part of the cerlificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature(2243)C and
humidity<70%.

Calibrafion Equipment used (METE critical for calibration)

Primary Standards 10 # Cal Date(Calibrated by, Cedificate Moy Scheduled Calibration
Process Calibrator 753 | 1871018 01-July-14 {CTTL, No:J14X02147) July-15
Maime Function Signatura
| .
Calibrated by: Yu Zongying SAR Test Enginssr
Reviewed by: Qi Dianyuan SAR Project Leader R VAL
Approved by: Lu Bingsong Deputy Direstor of the laboratary E{ﬂ E
Issued. March 10, 2015

. This ealibration certiticate shall not be repreduced except in full without written approval of the laboratory,

Certificate Mo: 215-97033 Page 1 of 3
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®  in Colleborasion with

 —
"l . s p e a 4q
G'I-_-.-f CALIERATION LARORATORY

Auldl: Wi 51 Xueguan Reod, Haldion Disrict, Beijing, H00%1_ China
Teb +8i-0bGIMIEIIIZIE  Fa: 1BE-10-62 006332207
E-nmail cigkincdsam| com g Morwochinaiil.on
Glossary:
DAE data acguisition elecironics
Cennector angle information used in DASY system to aligh probe sensor X
to the rebot coordinate system.

Methods Applied and Interpretation of Parameters:

« DC Vollage 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 ranga.

» 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 dees not contain othar
performance test results.

Certificale Mo: 21597053 Page zof 3
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¥ n Collsborntion with
CALFIEATION LARDRATORY
Add: Mo 51 Koeyeen Bgad, Haidian Digirecl, Beijing, 100191, Chisa

Tel: +R6- I D-AT3ME3 1. Z21R Froe -+36- 1 D0 21063 5.2 204
E=mail: cilléchinaiil.com Hitp: e chingtd o

DC Yoltage Measuremant
A1 - Converier Resolution raminal
High Range: iL58 = 8.9V, full rangs = S0+ My
Low Range:  1LEE = Blev,  Tullranga = -1 #3mY
DS measuramen] paramelers: Aulks Zens Timéa: 3 sec, Maasuning lims: 2 260

— - —— S—

CalibFatian Factara X ¥ FA
- i 1
Hiph Range 405 537 £ 0. 15% (k=Z} | 405188 £ 0.15% (x=2) | 405 395 + 0 15% (k=2)
Low Ranga 190003 + 0. 7% (k=2) | 397261 £ 0.7% (k=2] | 3989803 + 0.7% (k=2)
Connector Angle
Gonnectar Anghe fo be used in DASY systam | 1815241 ° '
Centificare Mo: Z15-0M123 Pagse 3 af i
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Fetuuary 34, 2005

Aceepinble Conditions for SAR Measurements Using Probes and Dipoles
Calibrated under the SFEAG-CTTL Dual-Logo Calibration Progean to
Support FOC Eqeipment Certification

The acceplable conditions Fr SAK mensurements using probes, dipoles and DAEs
calibrated by CTTL {Chirer Felecomimaricarion Techuology Labs), under the Cual-Loge
Calibration Certifieate program and quality sssusance (A ) protocols established
between SPEAG (Schavid & Parteer Erplivering AG, Switzerlond) and CTTL, to support
FOC (LS, Federad Commmications Commission) equipment cortification are defined
and described in the following, The conditions in this KO8 are valid until Decessher 31,
2015,

1) The agresment established between SPEAG and CTTL B anly applicable 10
calilrstion services performed by CTTL where its elients (companies and divisions of
such companies) are headguartersd in the Greater Ching Region, inchuding Taiwan
and Hong Kong. CTTL shall infanm the FCC of any changes or carly termination to
the nEreeinent.

2} Only n subset of the calibration services specified in ihe SPEAG-CTTL ngreement,
whibe it remaing walwl, are applicable to SAR inensuremenis performed using such
equipment for supporting FOU eguipment certification.  These ane identified in the
following.

a) Colibration of dosimetric (SAR) probes EXI0VY, BTV and ESI0V,

i} Free-space E-field and H-field probes, including thass wed for HAC (hearing
aid compatililiny) evalustion, lemperature probes, other probics o equlpmier
nit idendified i this decument, when calibrated by CTTL, are excluded and
caniod be wsed For measuremenls to suppocl FOC equipment certification.

i) Signnl speific and bundled probe calibrstions based an PRIR [probe
madhilation response) chametzristics or probe sensor model based
linearization methods that are not fully described in SAR standasds are
excluded and cannet be weed for measuremeants to support FCC equipment
certilication.

b} Calibration of SAR system validation dipsies, excluding HAC dipales.

e} Calibration of dais scquisition electronics DAEIVE, DAEAVE nwl DAEssy V.

d) For FCC equipment certification purposes, the frequency range of SAR probe and
dipole calibrations is limited 1o 700 MHz - 6 GHz and provided it is supported by
the equipment identified in the CTTL QA protacol {a separace attachment b this
docwmend].

] The identical system and equipement ssiup, measuirement configurations,
hardware, evaluation algorithims, calibration and QA pratacals, including the
formal of calibration certificates and reposts used by SPEAG shall be applizd by
CTTL. Equivalent test equipment and measuremem configurations may be
conaxlencd anly when agreed by both SPEAG and the FCC.

fy The calilsrated items are anly applicabie 1o SPEAG DASY 4 and DAZY 5
syalems or higher version syslems that satisly the requirements of this KDRE,

3} The SPEAG-CTTL agrezsment inclsdes specific protocals identified in the fallawing
e ensure the quality of calibration services provided by CTTL under this SPEAC-
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Febeuiry 24, 2815

CTTL Duak-Loga calibration agreement are equivalest to the calibralion services
provided by SFEAG, CTTL shall apply the required prateeals withaut madi fieation
and, upans request, provide copies of decumentation to the FOC 1o substaniate
program intplementaton.

ad The Inter-laboratory Calibration Evaluation (ILCE) stated in the CTTL Q4
protocal shall be performed between SFEAL and CTTL af lens) onee every 12
manths. The ILCE sccepianee criterin defined in the CTTL QA protoce! shall be
stisfied for the CTTL, SPEAG and FCC agreements (o reaain valid,

b) Check of Calibration Cerlificate (CCC) shall be performed by SFEAG for all
enlibrations performed by CTTL. Writlen confirmation fram SPEAG is required
for CTTL b isswe calibmtion certificates under the SPEAG-CTTL Dual-Logo
calibration program. Quarterly reports for all calibrations pecfonmed by CTTL
urdler the program are also issoed by SPEMG,

1 The calibration cquipment amd messurement system used by CTTL shall be
verified before each calibration service acconding 8o the specific reference SAR
prebes, dipoles, and DAE calibrated by SPEAG. The resubis shall be reproducible
amd within the defined neceptancs eriteria speeified in the CTTL QA protocol
befose ench actual calibration can commence, CTTL shall inadintain records of the
measurement and calibration system veriflication results for all calibrations.

dl Cuality Check of Calibration (QCC) certificates shall be performed by SPEAG at
besat once every 12 months, SPEAG shall wisit CTTL facilities fo verify the
laboratory, equipnsent, applicd procedures and plavsibility of randomly selected
certificates.

A copy of this document shall ke provided 10 CTTL clisnts that sccept calibration

sarvions aoconding bo the SPEAG-CTTL Dual-Logs calibration program, whiclh

should be presented to a TCB (Telecommmibcation Ceriificelion Hogh), o Facilitate

FCC equipmeit approval,

CTTL shall address any questions raised by its cliens or TCBs relating o the

SPEAG-CTTL Dunl-Loge calibration program and imform the FOC and SPEAG of

any critical issues,
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APPENDIXE:DUT Photos

Photo 1 Appearance of EUT

Photo 2 Appearance of EUT
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Photo 3 Appearance of EUT
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APPENDIX F: Test Position Photos
Left Cheek

Left Tilted
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Right Cheek

Right Tilted
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Faceup position 10mm

Facedown position 10mm

10mm
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left position 10mm

10mm

Right position 10mm

10mm
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Top position 10mm

Bottom Right position 10mm

J‘ 10mm
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