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This calibration certificate documents the traceability to nationat 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 x 3)°C and humidity < 70%.
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This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

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

Powear meter EPM-442A GB37480704 05-0ct-11 (No. 217-01451) Oct-12

Power sensor HP 8481A US37292783 05-Oct-11 (No. 217-01451) Oct-12

Reference 20 dB Attenuator SN; 5058 (20k) 27-Mar-12 {No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.2 /08327 27-Mar-12 (No. 217-01533) Apr-13

Reference Probe ES3DV3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12

DAE4 SN: 601 27-Jun-12 {(No. DAE4-601_Jun12} Jun-13

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

Power sensor HP 8481A MY41092317 18-Oct-02 (in house check Oct-11) In house check: Oct-13

RF generator R&S SMT-08 100005 04-Aug-22 (in house check Oct-11) In house check: Oct-13

Network Analyzer HP 8753E US37380585 S4206 18-Oct-01 (in house check Oct-11) In house check: Oct-12
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL./ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

¢) 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 Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

e 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.

e 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 required.

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

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

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

= 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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Measurement Conditions
DASY systern configuration, as far as not g

iven on page 1.

DASY Version DASY5 v52.8.2

Extrapolation Advanced Extrapoiation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL. parameters (22.0x0.2)°C 382+6% 1.81 mho/m =6 %

Head TSL temperature change during test <05°C - e
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.2mW /g

SAR for nominal Head TSL parameters

normalized to 1W

52.7 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.19mW /g

SAR for nominal Head TSL parameters

normalized to 1W

24.7 mW /g + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 513+6% 1.99 mho/m =8 %
Body TSL temperature change during test <0.5°C e —--
SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 250 mW input power 13.1mW/g

SAR for nominal Body TSL. parameters

normalized to 1W

51.6 mW / g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

616 mW/g

SAR for nominal Body TSL parameters

normalized to 1W

24.4 MW / g = 16.5 % (k=2)

Certificate No- D2450Y2-710 Ajai?
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Appendix

Antenna Parameters with Head TSL.

tmpedance, transformed to feed point 5440 +38jQ

Return Loss -25.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.7Q+52|Q

Return Loss - 24.6 dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.150 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on September 10, 2002

Cadificrata NMas OOAEOMVD 740 AnmdD Dars A ~F O



DASYS5 Validation Report for Head TSL.

Date: 23.08.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.81 mho/m; & = 39.2; p = 1000 kglm3
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 5.0 (front); Type: QDOO0PS0AA; Serial: 1001

o DASYS52 52.8.2(969); SEMCAD X 14.6.6(6324)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.219 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 26.633 mW/g

SAR(1 g) = 13.2 mW/g; SAR(10 g) = 6.19 mW/g

Maximum value of SAR (measured) = 16.5 W/kg

0dB =16.5 W/kg =24.35 dB W/kg

Carificrata Ma* MYOAROAND 740 Avmd D Damma E ~8 O



* Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 22.08.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 719

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: { = 2450 MHz; ¢ = 1.99 mho/m; &, =51.3; p = 1000 kg/m3
Phantom section: Flat Section

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

DASYS52 Configuration:
¢ Probe: ES3DV?3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 27.06.2012
e Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002
o DASY52 52.8.2(969); SEMCAD X 14.6.6(6324)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 95.970 V/m; Power Drift =0.03 dB

Peak SAR (extrapolated) = 26.692 mW/g

SAR(1 g) = 13.1 mW/g; SAR(10 g) = 6.16 mW/g

Maximum value of SAR (measured) = 17.1 W/kg

0dB =17.1 W/kg =24.66 dB W/kg
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lmpédance Measurement Plot for Body TSL
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Client PCT 'S

cartite Nt ES3-3022. Aug12

obfect ES3DV2 - SNi3022

Calibration procedure(s)

CAL:25.vA
E-field probes

Calibration date: ‘August 28,2012

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%.

Calibration Egquipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 29-Mar-12 (No. 217-01508) Apr-13

Power sensor E4412A MY 41498087 29-Mar-12 (No. 217-01508) Apr-13

Reference 3 dB Attenuator SN: 85054 (3¢) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 dB Attenuator 8N; 85086 (20h) 27-Mar-12 (No. 217-01529) Apr-13

Reference 30 dB Attenuator SN: 85129 (30b) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ES3DV2 SN: 3013 28-Dec-11 (No. ES3-3013_Dec11) Dec-12

DAE4 SN: 660 20-Jun-12 {(No. DAE4-660_Jun12) Jun-13

Secondary Standards 10 Check Date {in house) Scheduled Check

RF generator HP 8848C US3842001700 4-Aug-99 (in house check Apr-11) In house check: Apr-13
Network Analyzer HP 8753E U837390585 18-Oct-01 (in house check Oct-11) In house check: Oct-12

Function Signature

Calibrated by:

Approved by: Katja Pokovic”

Issued: August 28, 2012
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: ES3-3022_Aug12 Page 1 of 11
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Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensifivity in TSL / NORMx,y,z

DCP diode compression point

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

A B C modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization $ 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 =0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

IEEE 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
Techniques”, December 2003

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

Methods Applied and Interpretation of Paramefers:

NORMx,y,z: Assessed for E-field polarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E2 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 with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

Ax.y.z;, Bx,y.z; Cx.v,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 < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups 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 NORMXx,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 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.

Certificate No: ES3-3022_Aug12 Page 2 of 11



ES3DV2 — SN:3022 August 28, 2012

SN:3022

Manufactured:  April 15, 2003
Calibrated: August 28, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)

Certificate No: ES3-3022_Aug12 Page 3 of 11



ES3DV2- SN:3022

August 28, 2012

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (j.LVI'(V."m)E)A 1.00 1.04 0.99 +101%
DCP (mV)°® 98.3 99.5 101.3
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unct
de dB dB mV (k=2)
0 cw 0.00 X 0.00 0.00 1.00 133.3 27 %
Y 0.00 0.00 1.00 140.3
Z 0.00 0.00 1.00 178.9

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

probability of approximately 95%.

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

5 Numerical linearization parameter: uncertainty not required.

e Uncertainty is determined using the max. deviation frem linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ES3-3022_Aug12
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ES3DV2- SN:3022 August 28, 2012

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Head Tissue Simulating Media

Reiative Conductivity Depth Unct.

f(MHz)® | Permittivity" (sim)F ConvF X | ConvFY | ConvFZ | Alpha | (mm) {(k=2)
750 41.9 0.89 6.30 6.30 6.30 0.30 1.72 +12.0 %
835 41.5 0.90 6.03 6.03 6.03 0.35 1.63 +12.0 %
1750 40.1 1.37 5.07 5.07 5.07 0.32 1.89 +12.0 %
1900 40.0 1.40 4.86 4.86 4.86 0.40 1.57 +12.0%
2450 39.2 1.80 4.23 4.23 4.23 0.59 1.44 +12.0%
2600 39.0 1.96 4.10 4.10 4.10 0.67 1.37 +12.0%

¢ Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the R3S
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
F At frequencies below 3 GHz, the validity of tissue parameters (e and &) 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.

Certificate No: ES3-3022_Aug12 Page 5 of 11



ES3DV2~ 8SN:3022

August 28, 2012

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MH2)® | Permittivity" (sim)© ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 6.07 6.07 6.07 0.23 2.09 +12.0%
835 55.2 0.97 6.02 6.02 6.02 0.47 1.44 £12.0 %
1750 53.4 1.49 470 4.70 4.70 0.46 1.55 £12.0%
1900 53.3 1.52 4.43 4.43 4.43 0.36 1.87 +12.0 %
2450 52.7 1.95 3.97 3.97 3.97 0.65 1.06 +12.0%
2600 52.5 2.16 3.80 3.80 3.80 0.54 0.75 +12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS

of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters {¢ and ) is restricted to * 5%. The unceriainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3022_Aug12
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ES3DV2— 8N:3022 August 28, 2012

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

Frequency response {(normalized)

i i i ; i l
0 500 1000 1500 2000 2500 3000
f [MHz]
K
TEM R22

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)

Certificate No: ES3-3022_Aug12 Page 7 of 11



ES3DV2- SN:3022

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM

=1800 MHz,R22

August 28, 2012
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)

Certificate No: ES3-3022_Aug12
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ES3DV2- SN:3022 August 28, 2012

Dynamic Range f(SARpead)

(TEM cell , f = 900 MHz)

Input Signal [uv}]

109 102 iy 100 101 102
SAR [mWicm3]

e
not compensated compensated

Error [¢B]

10-3 10-2 1‘0'1 100 ‘1]01 102
SAR [mW/cm3]
net compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No: ES3-3022_Aug12 Page @ of 11



ES3DV2- SN:3022 August 28, 2012

Conversion Factor Assessment

f= 835 MHz, WGLS RS (H_convF) f= 1750 MHz WGLS R22 (H_convF)
4.0-7 r
N 30-
35 r :
= 25+ -
30~ % r :
Lo 5 .
. - ® 1
25 s 20- L |
S Lo~ g F |
Z 20~ N 2 .71 My 5
% : . & 75"_ ‘ez‘h - .
B ", b o :
15 - " ;
- ' 104 * . i
1‘0{ ., 'v\‘r 3 e -
z —.,\\\‘ 5- e e :
Q.5 Tl - R
- M*_i L — . ;
0.0~ ! \“—’ D_I - 1 L ! | i Ll 1“7*‘.:
0 10 20 30 40 50 &0 o 5 0 15 2 % 30 35 40
[mm} z[mmj
analyical measured anaiytical mezasured

Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Deviation

-1.0 -08& -06 -04 -02 00 02 04 0.6 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: ES3-3022_Aug12 Page 10 of 11



ES3DV2- SN:3022

August 28, 2012

DASY/EASY - Parameters of Probe: ES3DV2 - SN:3022

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 98.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensar Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm

Certificate No: ES3-3022_Aug12 Page 11 of 11
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Calibration procedure(s)

Calibration date:
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This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI). <‘9
The measurements and the uncertainties with confidence probability are given on the following pages and are pait 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 Standairds 0 Cal Pate (Ceriificate No.) Scheduled Calibration
Power meter E4419B (B41293874 29-Mar-12 {No. 217-01508) Apr-13

Power sensor E4412A MY41498087 28-Mar-12 {No. 217-01508) Apr-13

Reference 3 dB Attenuator SN: 85054 (3¢) 27-Mar-12 {No. 217-01531) Apr-13

Reference 20 dB Attenuator SN: S5086 (20b) 27-Mar-12 {No. 217-01529) Apr-13

Reference 30 dB Attenuator SN: §5129 (30b) 27-Mar-12 {No. 217-01532) Apr-13

Reference Probe ES3DV2 SN: 3013 29-Dec-11 (No. ES3-3013 Dectl) Dec-12

DAE4 SN: 660 10-Jan-12 (No. BAE4-660_Jan12) Jan-13

Secondary Standards D Check Date {in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-11} In house check: Apr-13
Nelwork Analyzer HP 8753E US37390585 18-Cct-01 {in house check Oct-11) In house check: Oct-12

Name Function Signalure

Calibrated by:

Approved by:

Issued: April 25, 2012

This calibration certificale shall not be reproduced except in full without written approvatl of the laboratory.
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Calibration Laboratory of

\\‘\\\lllq,?’l

SAS 2, Schwelzerischer Kalibrierdienst
. R 2
Schmid & Partner iﬁi Service suisse d'étalonnage
Engineering AG LT Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ’f,;}/,-_\\\x‘ Swiss Callbration Service
e fye b
Accredited by the Swiss Accreditation Service (SAS}) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Muttitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMXx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

bCP diode compression point

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

A, B,C modulation dependent finearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8 3 rotation around an axis that is in the plane normal to probe axis {at measurement center),

i.e., 8 = 0 is normal {o probe axis

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorptlon Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

HEC 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 {o 3 GHz)", February 2005

Methods Applied and interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 3 = 0 (f < 900 MMz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,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).

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 with CW
signal (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

Axy.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 moduiation 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 fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups 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 NORMzx,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 isofropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

Ceriificate No: ES3-3213_Apr12 Page 2 of 11



ES3DV3 - SN:3213 April 24, 2012

Probe ES3DV3

SN:3213

Manufactured:  October 14, 2008
Calibrated: April 24, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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ES3DV3- SN:3213

April 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc {k=2)
Norm (aVi(Vim2)* 1.48 1.36 1.33 101 %
DCP (mV)® 97.8 101.0 99.1
Modulation Calibration Parameters
uib Communication System Name PAR A B c VR Unct
dB dB dB mV (k=2)
0 cw 0.00 X 0,00 0.00 1.00 125.2 2.5%
Y 0.00 0.00 1.00 127.5
P 0.00 0.00 1.00 169.0

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 NormX,Y,Z do not affect the E%-field uncertainty inside TSE (see Pages 5 and 6).
8 Numerical linearization parameter: uncerfainty not required,

& Uncertainty is determined using the max. devialion from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ES3-3213_Apri2
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ES3DV3- SN:3213 April 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct,

f (MHz) © Permittivity© (S} ConvF X | ConvFY | ConvFZ | Alpha {mm} (k=2)
750 41.9 0.89 8.32 6.32 6.32 0.60 1.38 +12.0 %
835 41.5 0.90 8.07 6.07 6.07 0.41 1,57 +12.0 %
1640 40.3 1.29 5.36 5.36 5.36 0.64 1.24 +12.0%
1750 40.1 1.37 522 5.22 5.22 0.57 1.38 +12.0%
1800 40.0 1.40 5.02 5.02 5.02 0.63 1.32 £12.0 %
2450 30.2 1.80 4.43 4.43 4.43 0.80 1.22 +12.0 %
2600 30.0 1.96 4.26 4.26 4.26 0.72 1.36 +12.0%

© Frequency validity 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.

£ At frequencies below 3 GHz, the validity of tissua parameters {¢ and o) can be relaxed to & 10% if liquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (e end o) is restricied o + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Cerlificate No: ES3-3213_Apri2 Page 5 of 11



ES3DV3- SN:3213 Apiil 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHZ)® | Permittivity" (stm)© ConvFX | ConvFY | ConvFZ | Alpha | (mm) {(k=2)
750 55.5 0.96 6.19 6.19 6.19 0.31 1.96 +12.0%
835 55.2 0.97 6.07 6.07 6.07 0.38 1.73 +12.0%
1640 53.8 1.40 5.13 5.13 513 0.35 2.07 £120%
1750 53.4 1.49 4.68 4.68 4.68 0.54 1.56 £12.0%
1800 53.3 1.52 4.50 4.50 4.50 0.69 1.37 +12.0%
2450 52.7 1.95 4.11 4.1 4.11 0.80 1.04 $12.0%
2600 52.5 2.16 3.9 3.91 3.91 0.63 0.92 +12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is restricted to £ 50 MHz, The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

¥ At frequencies below 3 GHz, the validity of tissue parameters (= and o) can be relaxed fo + 10% if liquid compensation formula is apphied to
measured SAR values. At frequencles above 3 GHz, the validity of lissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: £53-3213_Apri2 Page 6 of 11



ES3DV3- SN:3213 April 24, 2012

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

S NN NN N N S
S RN SRS S R SR —
Y9 SN SRR NN W N S
7% S R SN S SN —

1_(}# o ....-..1:'!%‘:%:’;:&.._-;..;.._........;..................._ § ........@....=_.__.__=_.é.__._._,__,==.@.-..........._....‘.E,;. S S

Frequency response (normalized)

(Y- R— v ....................... ......
S SRR WU N SO N
S D I I
7 S T T——— S —

T N YO T O S JOU S S T Y ST S S T S S M A
0.5 I 1

& ] [e]
TEM 22

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ES3DV3-SiN:3213

Error [dB]
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ES3DV3- SN:3213 Aprit 24, 2012

Dynamic Range f(SAR¢aq)
(TEM cell , f = 900 MHz)

105—5
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Input Signal [uV]
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not compensatexd compensated

Error [dB]
2
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102 E 10 1|El° 101 102
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not compensated compensated

Uncertainty of Linearity Assessment: + 0.6% (k=2)
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ES3DV3- 8N:3213 April 24, 2012

Conversion Factor Assessment

f= 8356 MHz WGLS RS (H_convF) = 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment; * 2,6% (k=2)
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ES3DV3- SN:3213

April 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3213

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°} 140.1
Mechanical Surface Detection Mode enabled
Optical Surface Betection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Lengih 160 mm
Tip Diameter 4 mm
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: ES3-3213_Apri2
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland
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Schwelzerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by The Swiss Accredilation Service {SAS)

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

Client

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE citical for calibration)

This calibration certificate documents the traceabilily to national standards, which realize the physical units of measurements (SI). A j‘\ v
The measurements and the uncertainties with confidence probability are given on the foliowing pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature {22 £ 3Y°C and humidily < 70%.

Primary Standards D Cal Dale {Certificate No.) Scheduled Calibration
Power meter E44198 (3B41293874 31-Mar-11 (No. 217-01372) Apr-12

Power sensor E4412A, MY41498087 31-Mar-11 (No. 217-01372) Apr-12

Reference 3 dB Attenuator SN: 55054 (3c}) 29-Mar-11 (No. 217-01369) Apr-12

Reference 20 dB Altenuator SN: S5086 (20b) 28-Mar-11 {No. 217-01367) Apr-12

Reference 30 dB Attenuator SN: 85129 (30b) 29-Mar-11 (No. 217-01370) Apr-12

Reference Probe ES3DV2 SN: 313 28-Dec-11 {(No. ES3-3013 Decti) Dec-12

DAE4 SN: 654 3-May-11 (No. DAE4-654_May11) May-12

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

RF generator HP 8648C 183642001700 4-Aug-99 {in house check Apr-11) In house check: Apr-13
Network Analyzer HP 8753E US37390585 18-0ct-01 (in house check Oct-11) In house check: Oct-12

Calibrated by:

Approved by:

Name
: =

Function

This calibration certificate shail not be repraduced except in full without writien approval of the laboratory.

Issued: February 23, 2012

Certificate No: ES3-3258_Feb12
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Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 108
The Swiss Accraeditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simutating fliquid

NORMXx,y,z sensilivity 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 modutation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Potarization 3 8§ rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal to probe axis

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

b} 1EC 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 fo 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
»  NORMzx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,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).

+  NORM(fx v,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.

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

e Axy.z Bxyz Cxy.z, VRxy,z: A, B, C are numerical linearization paramelers 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 Paramelers: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups 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 sensitivily 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 isofropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna.

o  Sensor Offsef. The sensor offset corresponds to the offset of virfual measurement center from the probe tip
{on probe axis). No tolerance required.

Certificate No: ES3-3258_Feb12 Page 2 of 11



ES3DV3 - SN:3258 February 21, 2012

Probe ES3DV3

SN:3258

Manufactured:  January 25, 2010
Calibrated: February 21, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 systeml)
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ES3DV3- SN:3258

February 21, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

— Baslc GCallbration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2}
Norm (le(Vlm)z)A 1.29 1.18 1.23 +10.1 %
DCP (mVv)® 101.6 1056.0 100.8
Modulation Calibration Parameters
uin Communication System Name PAR A B C VR Unct
dB dB dB my (k=2)
10060 Ccw 0.00 X 0.00 0.00 1.00 116.9 +3.0%
Y 0.00 0.00 1.00 107.9
Z 0.00 0.00 1.00 115.8

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

A The uncertainties of NormX,Y,Z do not affect the E*-fisld uncertainty inside TSL {see Pages 5 and ).
Numerical linearizalion paramefer: unceriainly not required.

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

fiald value.

Certificate No: ES3-3258_Febi2
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ES3DV3- SN:3258 February 21, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unect.

f(MH2)C | Permittivity” {sim)f ConvF X | ConvFY | ConvFZ | Alpha {mm) (k=2)
750 41.9 0.89 6.26 6.26 8.26 0.43 1.49 £12.0 %
835 41.5 0.90 6.01 6.01 6.01 0.45 1.48 +120%
1640 40.3 1.29 5.46 5.46 5.46 0.61 1.30 +12.0%
1750 40.1 1.37 5.30 5.30 5.30 0.67 1.30 +12.0%
1900 40.0 1.40 5.17 517 5.17 0.79 1.23 +12.0%
2450 39.2 1.80 4.46 4.46 4.46 0.67 1.40 +12.0%
2600 30.0 1.96 4.31 4.31 4.31 0.80 1.33 +12.0 %

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher {see Page 2), else it is resiricted to £ 50 MHz. The unceriainty is the RSS
of the ConvF uncertainty at calibration frequency and the unceriainty for the indicated frequency band.,

F At frequencies below 3 GHz, the validity of tissue parameters (s and a) can be retaxed to £ 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, he validity of tissue parameters (g and o) is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3258_Feb12 Page & of 11



ES3DV3- SN:3258 February 21, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

F{MHZ)® | Permittivity" (stm)© ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
750 55.5 0.96 6.21 6.21 6.21 0.80 1.13 +12.0%
835 55.2 0.97 6.06 6.06 6.06 0.50 1.46 +12.0%
1640 53.8 1.40 545 5.45 5.45 0.80 1.23 +12.0%
1750 53.4 1.49 4.98 4,99 4.99 0.60 1.48 +12.0%
1900 53.3 1.52 4.70 4,70 4.70 0.56 1.57 +12.0%
2450 52.7 1.95 4.28 4.28 4.28 0.80 1.08 +12.0%
2600 52.5 2.18 4.05 4.05 4.05 0.80 1.02 +12.0%

© Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is restricled to + 50 MHz. The uncertainty is the RSS
of the ConvFF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

" At frequencies below 3 GHz, the validity of tissue parameters (s 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 g} is restricted to £ 5%. The uncerlainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3258_Feb12 Page 6 of 11



ES3DV3- SN:3258 February 21, 2012

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

Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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ES3DV3- SN:3258 February 21, 2012

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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ES3DV3~ SN:3258 February 21, 2012

Dynamic Range f(SARncad)
(TEM cell , f = 900 MHz)

Input Signat [uV]
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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ES3DV3- SN:3258 February 21, 2012

Conversion Factor Assessment

f = 835 MHz WGLS Rg (H_convF) = 1900 MHz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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ES3DV3- SN:3258 February 21, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3258

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Certificate No: ES3-3258_Feb12 Page 11 of 11
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Calibration procedure(s)

Calibraticn date:

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which reafize the physicat units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerdificate.

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

Primary Standards ID Cal Date {Certificale No.) Scheduled Calibration
Power meter 44198 (3B41293874 29-Mar-12 {No. 217-01508) Apr-13

Power sensor E4412A MY 41498087 29-Mar-12 (No. 217-01508) Apr-13

Reference 3 dB Atlenuator SN: 55054 (3c) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 dB Atlenuator SN: 35086 (20b) 27-Mar-12 (No. 217-01529) Apr-13

Reference 30 dB Allenuator SN: 85129 (30b) 27-Mar-12 (No. 217-01532} Apr-13

Reference Probe ES3DV2 SN: 3013 29-Dec-11 (No. ES3-3013 Dectt) Dec-12

DAE4 SN: 660 10-Jan-12 (No. DAE4-660_Jani2) Jan-13

Secondary Standards D Check Dale {in house) Scheduled Check

RF generator HP 8648C US3842001700 4-Aug-99 {in house check Apr-11) In hause check: Apr-13
Network Analyzer HP 8753E US37390585 18-Qct-01 (in house check Oct-11) In house check: Oct-12

Calibrated by:

Approved by:

Name _
. lo i

Function

This calibralion cerlificate shall not be reproduced except in full without written approval of the laboratory.

Sig_nature

Issued: May 21, 2012

Certificate No: ES3-3263_May1t2
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No., SCS 108

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

Glossary:

TSL tissue simulating iiquid

NORMzx,y,z sensitivily in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

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

A B, C modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 3 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b}

[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
Techniques”, December 2003

IEC 82209-1, “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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization § = 0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMRX,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).

NORM(Ox.y,z = NORMx,y,z * frequency._response (see Frequency Response Chart). This linearization is
imptemented in DASY4 software versians 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.

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

Axy,2; 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 Paramelers: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f £ 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
houndary 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 fo 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 isotropy): In a fleld of low gradients realized using a flat phantom
exposed by a patch anienna.

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

Certificate No: £53-3263_May12 Page 2 of 11



ES3DV3 - 5N:3263 May 18, 2012

Probe ES3DV3

SN:3263

Manufactured:  January 25, 2010
Calibrated: May 18, 2012

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!?)
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ES3DV3- SN:3263 May 18, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2}
Norm {pVAVIm®)* 1,21 1.23 1.12 £10.1%
DCP (mV)® 100.1 99.6 104.5

Modulation Calibration Parameters

uip Communication System Name PAR A B o4 VR Unc-
dB dB dB mv (k=2)
0 cw 000 | X | o000 0.00 1.00 1539 | 4.4 %
Y 0.00 0.00 1.00 168.2
Z .00 0.00 1.00 150.3

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 NormX,Y,Z do not affect the E*-fisld uncertalnty inside TSL (see Pages 5 and 6),
® Numerical linearization parameter: uncertainty not raquired.

Uncertainty is determined using the max. devialion from linear response applying rectangular distribution and is expressed for the square of the
field vatue.

Cerlificate No: ES3-3263_May12 Page 4 of 11



ES3DV3- SN:3263 May 18, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity” (sfm”© ConvF X | ConvFY | ConvFZ | Alpha {mm) {(k=2)
750 41.9 (.82 6.40 6.40 6.40 0.32 1.73 $12.0%
835 41.5 .20 8.16 6.16 6.16 0.40 1.54 $12.0%
1640 40.3 1.29 5.46 5.46 5.46 0.53 1.37 +12.0 %
1750 40.1 1.37 5.30 5.30 5.30 0.47 1.50 +120%
1900 40.0 1.40 5.00 5.09 5.09 0.55 1.35 +12.0%
2450 38.2 1.80 4.45 4,45 4.45 0.77 1.27 +12.0%
2600 39.0 1.96 4.34 4.34 4.34 0.76 1.34 +12.0%

© Frequency validity 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 ConwF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies befow 3 GHz, the validity of tissue parameters (e and o) can be relaxed to + 10% if liguid compensation formula is applied to
measured SAR values. At fraquencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncerfainty for indicated target tissue parameters.

Certificate No: ES3-3263_May12 Page 5 of 11



ES3DV3- SN:3263 May 18, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f{MHz)}® | Permittivity " (stm* ConvF X [ ConvFY | ConvFZ | Alpha {mm) (k=2)
450 56.7 0.94 7.05 7.05 7.05 0.08 1.15 +13.4 %
750 55.5 0.96 6.26 6.26 6.26 0.68 1.24 +12.0%
835 55.2 0.97 6.15 6.15 6.15 0.40 1.85 +12.0%
1640 53.8 1.40 5.33 5.33 5.33 0.74 1.27 +12.0 %
1750 53.4 1.49 4.96 4.96 4.96 0.62 1.41 +12.0%
1900 53.3 1.52 4.76 4.76 4.76 0.54 1.48 £ 12.0%
2450 52.7 1.95 4.35 4.35 4.35 0.80 1.15 +12.0%
2600 52.5 2.16 4.16 4.16 4.16 0.80 1.00 +12.0%

¢ Frequency validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2}, else it is restricted to £ 50 MHz. The uncertainly is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validily of tissue parameters {¢ and o} can be relaxed to £ 10% if liquid compensation formuda is applied to
measured SAR values. At frequencies above 3 GHz, the validily of tissue parameters (¢ and o) Is restricted to £ 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters,

Certificale No: ES3-3263_May12 Page 6 of 11



ES3DV3- SN:3263 May 18, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveduide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ES3DV3- SN:3263 May 18, 2012

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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ES3DV3- SN:3263 May 18, 2012

Dynamic Range f(SARc.q)
(TEM cell , f = 900 MHz)

input Signal [uv]

102 102 10" 107 10! 102
SAR [mW/cm3)
¢
not compensated compensated

Error [dB]

I
103 X 10t 1‘00 101 102
_ SAR [mW/em3] B
¢ (@]
not compensated compensated

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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ES3DV3- SN:3263 May 18, 20142

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 (¢, 8), f =200 MHz

Deviation

-0 -08 -06 -04 -02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: t 2.6% (k=2)
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ES3DV3- SN:3263

May 18, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3263

Other Probe Parameters

Sensor Arrangement Triangular
Ceonnector Angle (°) 63.9
Mechanical Surface Detection Made enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm

Certificate No: ES3-3263_May12 Page 11 of 11
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Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client P

Object

Calibration procedure(s)

Galibration date: ‘November 15:2012

This calibration centificate 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%.

Calibration Equipment used (M&:I'E critical for calibration)

Prirmary Standards 1D o Cal Date {Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 29-Mar-12 (No. 217-01508) Apr-13

Power sensor E4412A MY41498087 29-Mar-12 (No.,217-01508) Apr-13

Reference 3 dB Attenuator SN: 85054 {3c) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 dB Altenuator SN: S6086 {20b) 27-Mar-12 (No. 217-01529) Apr-13

Reference 30 dB Attenuator SN: 55129 {30b) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ES3DV2 SN: 3013 20-Dec-11 {No. ES3-3013_DBecl1) Dec-12

DAE4 SN: 660 20-Jun-12 (No. DAE4-860 Jun12) Jun-13

Secondary Standards ID Check Date (in house} Scheduled Check

RF generator HP 8648C US3642001700 4-Aug-99 (in house check Apr-11) In house check: Apr-13
Network Analyzer HP 8753E US37390585 18-Oct-01 {in house check Oct-12) in house check: Oct-13

Function
Lahdr&‘tdry Tech

Calibrated by:

Approved by:

Issued: November 16, 2012

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of R\
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

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

A B, C modulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Potarization 3 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., § = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b}

IEEE 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
Techniques”, December 2003

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

Methods Applied and interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,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).

NORM(flx,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 slated 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.

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 < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty vaiues are given. These parameters are
used in DASY4 software to improve probe accuracyrclose 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 isofropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna.

Sensor Offset. The sensor offset carresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

Certificate No: ES3-3287_Nov12 Page 2 of 11



ES3DV3 - SN:3287 November 15, 2012

Probe ES3DV3

SN:3287

Manufactured:  June 7, 2010
Calibrated: November 15, 2012

Calibrated for DASY/EASY Systems

{(Note: non-compatible with DASY2 system!)
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ES3DV3- 8N:3287

November 15, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(Vim)y*)> 1.31 1.25 1.25 +10.1%
DCP (mVv)® 102.9 103.6 101.6
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc™
dB dB dB mV {k=2)
o CW 0.00 X 0.0 0.0 1.0 118.8 +3.5%
Y 0.0 0.0 1.0 118.5
Z 0.0 0.0 1.0 154.1

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

* The uncertainties of NormX,Y,Z do not affect the E>-field uncerfainty inside TSL {(see Pages 5 and 6).
8 Numerical linearization parameter: uncertainty not reqguired.

E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: ES3-3287_Nov12
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ES3DV3- SN:3287 November 15, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3287

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
f(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 41.9 0.89 6.40 6.40 6.40 0.20 2.54 +12.0%
835 415 0.90 6.17 6.17 6.17 0.34 1.68 +120% °
1750 40.1 1.37 5.16 5.16 5.16 0.63 1.30 +120%
1900 40.0 1.40 4.96 4.96 4.98 0.48 1.55 +12.0 %
2450 39.2 1.80 4.30 4.30 4.30 0.79 1.31 +12.0 %
2600 39.0 1.96 4.19 4.19 4.19 0.80 1.31 +12.0%

© Frequency validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncerstainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F 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 (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3287_Nov12 Page 5 of 11



ES3DV3- SN:3287 November 15, 2012

DASY/EASY - Parameters of Probe; ES3DV3 - SN:3287

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.
f(MHz)® | Permittivity" (srmf ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 6.14 6.14 6.14 0.28 2.06 +12.0 %
835 55.2 0.97 6.06 6.06 6.06 0.42 1.63 +12.0% °
1750 53.4 1.49 4.86 4.86 4.86 0.43 1.64 +12.0%
1900 53.3 1.52 4.69 4.69 4.69 0.56 1.54 +12.0%
2450 52.7 1.95 4.29 4.29 4.29 0.80 1.02 +12.0%
2600 52.5 2.16 4.12 4.12 4.12 0.64 0.92 +12.0%

< Frequency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencles below 3 GHz, the validity of tissue parameters (e and &) 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 1o + 5%. The uncertainty is the RSS of
the ConvF uncetfainty for indicated target tissue parameters.,

Certificate No: ES3-3287_Nov12 Page 6 of 11



ES3DV3- SN:3287 November 15, 2012

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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ES3DV3- SN:3287 November 15, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ES3DV3- SN:3287 November 15, 2012

Dynamic Range f(SARycaq)
(TEM cell , f = 900 MHz)

Input Signal [uV]
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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ES3DV3-- SN:3287

SAR [WikgIW

November 15, 2012

Conversion Factor Assessment

f = 835 MHz WGLS R9 (H_convF)

f= 1900 MHz WGLS R22 (H_convF)
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ES3DV3- SN:3287

November 15, 2012

DASY/EASY - Parameters of Probe; ES3DV3 - SN:3287

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -15.9
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled ‘
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3 mm

Certificate No; ES3-3287_Nov12 Page 11 of 11
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Schweizerischer Kalibrierdienst
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Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

PCTest - =

CALIBRATION CERTIFICATE

Client

Certificate No: ES3-3288_Sep12

Object ES3DV3 - SN:3288 « o

QA CAL-01.v8, QA CAL-23.v4, QA CAL-25v4.
~field 'probes

Callbratlon' rocedure for d03|metr|c E

Calibration procedure(s)

Calibration date: September20,201 2

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI). \éﬁ&( I

The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate. Q\? ’
%

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 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GB41293874 29-Mar-12 {No. 217-01508) Apr-13

Power sensor E4412A MY41498087 29-Mar-12 (No. 217-01508) Apr-13

Reference 3 dB Attenuator SN: 85054 (3c) 27-Mar-12 (No. 217-01531) Apr-13

Reference 20 dB Attenuator SN: 85086 (20b) 27-Mar-12 (No. 217-01529) Apr-13

Reference 30 dB Attenuator SN: 55129 (30b) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ES3DV?2 SMN: 3013 29-Dec-11 (No, ES3-3013_Dec11) Dec-12

DAE4 SN: 660 20-Jun-12 (No. DAE4-860_Jun12) Jun-13

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

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-11) In house check: Apr-13
Network Analyzer HP 8753E US37390585 18-Cct-01 (in house check Oct-11) In house check: Oct-12

Calibrated by:

Approved by:

Katja Pokavic

FUI']thOI"I

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

Signature

Issued: September 20, 2012
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

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

A B C modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization & 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 =0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
s NORMx,y,z: Assessed for E-field polarization 8 = 0 {f £ 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,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).

e 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.

« DCPxy.z: DCP are numerical linearization parameters assessed hased on the data of power sweep with CW
signal {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

e Axyz Bxy,z; Cxy.z, VRxyz: 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 £ 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > 800 MHz. The same setups 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 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.

Certificate No: ES3-3288_Sep12 Page 2 of 11




ES3DV3 — SN:3288

September 20, 2012

SN:3288

Manufactured:  July 6, 2010
Calibrated: September 20, 2012

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY?Z2 system!)
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ES3DV3- SN:3288 September 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uV/(V/m)Z)A 0.87 0.97 0.75 +101 %
DCP (mV)® 101.3 102.4 103.9

Modulation Calibration Parameters

uID Communication System Name PAR A B c VR Unct
dB dB dB my k=2)
0 CwW 0.00 X 0.00 0.00 1.00 168.6 ¥3.3%
Y 0.00 0.00 1.00 132.2
Z 0.00 0.00 1.00 156.8

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

* The uncertainties of NormX,Y,Z do not affect the E*-field uncertainty inside TSL {see Pages 5 and 6).

8 Numerical linearization parameter: uncertainty not required.

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

Certificate No: ES3-3288_Sep12 Page 4 of 11




ES3DV3- SN:3288 September 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz)® | Permittivity " (S/m)F ConvFX | ConvFY | ConvFZ | Alpha | (mm) {(k=2)
750 41.9 0.89 6.67 6.67 6.67 0.80 1.14 +12.0%
835 4.5 0.90 6.41 6.41 B.41 0.76 1.18 +12.0%
1750 40.1 1.37 5.51 5.51 5.51 0.70 1.28 +12.0%
1900 40.0 1.40 5.28 5.28 5.28 0.80 1.22 +12.0%
2450 39.2 1.80 4.61 4.61 4.61 0.80 1.26 £12.0 %
2600 39.0 1.96 4.45 4.45 4.45 0.80 1.31 +12.0 %

° Frequency validity of + 100 MKz only applies for DASY v4.4 and higher (see Page 2}, else it is restricted to x 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of fissue 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.

Certificate No: ES3-3288_Sep12 Page 5 of 11




ES3DV3- SN:3288 September 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f (MHz) ¢ PermittivityF (simF© ConvFX | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 6.44 6.44 6.44 0.62 1.31 +12.0%
835 55.2 0.97 8.31 6.31 6.31 0.38 1.78 +12.0%
1750 53.4 1.49 5.18 5.18 5.18 0.64 1.43 +12.0%
1900 53.3 1.52 4.89 4.89 4.89 0.50 1.64 +12.0%
2450 52.7 1.95 4.35 4.35 4.35 0.74 1.23 +12.0%
2600 52.5 2.16 4.09 4.09 4.09 0.80 1.07 +12.0%

¢ Frequency validity of = 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters {e and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 Gz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.

Certificate No: ES3-3288_Sep12 Page 6 of 11




ES3DV3- SN:3288 September 20, 2012

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

15
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)}
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ES3DV3— SN:3288 September 20, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ES3DV3— SN:3288 September 20, 2012

Dynamic Range f(SARaq)
(TEM cell , f = 900 MHz}
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Uncertainty of Linearity Assessment: % 0.6% (k=2)
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ES3DV3- SN:3288 September 20, 2012

Conversion Factor Assessment

f= 835 MHz, WGLS R9 (H_convF) f= 1750 MHz WGLS R22 (H_convF)
0= - [
3 20
35 L
b 254
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aralyteal rmeasured analytical measured
Deviation from Isotropy in Liguid
Error (¢, 8), f = 900 MHz

Deviation

-1 -08 -06 -04 -02 00 02 04 06 0B 1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ES3DV3- SN:3288

September 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3288

Other Probe Parameters

Sensar Arrangement Triangular
Connector Angle (%) 54.3
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2 mm
Recommended Measurement Distance from Surface 3 mm

Certificate No: ES3-3288_Sepi2
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

1) The network analyzer and probe system was configured and calibrated.

2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight
angle.

3) The complex admittance with respect to the probe aperture was measured

4) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

1/2

J2we & exp[ jor (uye,&,) ]

Jeté &g J' J‘ J‘ cos g’ luo 0 dg'dp'd
[In (b/a)]

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates

refer to source and observation points, respectively, r? = p® + p'> —2pp'cos¢’ , wis the angular frequency,

and j=\/—_1.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MHz) 750 750 835 835 1750 1750 1900 1900 2450 2450
Tissue Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 4.9 29.44 2.7
HEC See Page 1 1
See Page 2 See Page 4
NaCl 3 1.45 0.94 04 02 018 0.39 01
Sucrose 57 44.9
Water 4045 53.06 52.6 68.8 54.9 70.17 732
Reviewed by:
FCC ID: V65C6721A1 SAR EVALUATION REPORT ! KYOCERA
Quality Manager
Test Dates: DUT Type: APPENDIX D:
12/10/12 - 02/22/13 Portable Handset Page 10f 4
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

H.O Water, 35 - 58%

Sucrose Sugar, white, refined, 40 — 60%

NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H)-isothiazolone,
0.1-07%

Relevant for safety; Refer to the respective Safety Data Sheet®.

Figure D-1
Composition of 750 MHz Head and Body Tissue Equivalent Matter

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Item Name Body Tissue Simulating Liquid (MSL750)
Product No. SL AAM 075 AA (Charge: 111130-3)
Manufacturar SPEAG &

&

Measurement Method
T5L diglectric parameters measured using calibrated OGP probe {type DAK). [

Target Parameters )
Target parameters as derined in the IEEE 1528 and |IEC 62209 compliance standards.

Test Condition

Ambient Condition 22°C ; 30% humidity
TSL Temperature  22°C

Test Date 7-Dec-11

Additional Information
TSL Density 1.242 glom®
TSL Heat-capacity 3.00€ kJ/(kg*K)

Results

- IMeasured T Diff.to Target [%1| [

HF-e' H?e"l@j eg sigmal Aeps  Asigma | " 122 T ] ] T T

600 | 679 2601 063] 561 085 | 31 -1ze = sp ! : B

626 | 57.6 |24.66| (.66 | 560 085 28 101 z [ | I i L

650 | 574 |za31| 088|550 ose| 26 80 £ 0?: *‘“‘*—-:W

675 |67.4|z402| D0| 558 0ms| 23 68 [P S SRR S EOS B
20 a7 g 5.0 . . ;
17 B e LI S SENLA S S S S
S op i {
e SO0 650 700 750 800 S0 SO0 850 1000
. quuencyM_Hz ]
0.6
0.6 N
0.4 ' 106 — ‘
0.1 72 & 75 H
02 &4 £ 5o
08 75 g 2z
08 85 o5
12 a7 ’

1000 | 54 |21m9| 102|548 10| 4 108 & ?2

100 : :
BH) 650 700 TS0 8O0 BBO SO0 850 1000
Fraguensy MHz

Figure D-2
750MHz Body Tissue Equivalent Matter
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Measurement Certificate / Material Test

ltem Narme Head Tissue Simulating Liguid (HSL 750)
Product No. SL AAH 075 (Charge: 111208-2)
Manufacturer SPEAG e

Measurement Method ¢

TSL diglectric parameters measured using calibrated OCP probe (type DAK).

Target Parameters
Target parameters as defined in the IEEE 1528 and IEC 62209 compliance standards,

Test Condition
Ambient Condition 22°C ; 30% humidity
TSL Temperaiure 22°C

Test Date 14-Dac-11
Additional Information
TSL Density 1.284 g/em”

TSL Heat-capacilty 2,701 kJ/{kg*K)

Results -
" IMaasurad Target .. | Diff.to Target [%]
# MHz]| HP-¢'| HP-o"[sigma] eps sigma| Aeps  ssigma - "gg { ] T
GO [ 445 2277 07s | 427 oae 4.2 -13.8 & 5;0 | ]
625 | 44.2'|2250| ove| 426 o8m | a7 15 £ or P ]
650 | 43.8 | 2224 | 00 | 425 083 | ad a2 E oo - ! 5 i
675 | 43.4 | 2203|083 ] 423 049 | 25 68 L35 | — | ] ;
700 | 430 |siE2)oes | a2 oms | 1o A5 g-s.o : : : ! : :
75 | 427 | 2164 0BT 420 089 | 1.4 21 1;5‘} 4.- T i-----—i--—- | o
750 | a2z |2ias) eeo | ave pme] a0 o2 B
s | 420 |z1ze|osz| 418 weo| os 24 600 650 70D 750 BOO ESD SO0 950 1000
goo | 417 )2111| 084 | 417 o0sme| oo 4.7 L Frequency MHz
B2E | 414 [20087| 086 | 416 02 | D5 g1
gan | 412 | 2000 087 | 15 o0& | o7 B8 |
B60 | 4.1 z083)| ome | 415 og2 | -0 7.5 A To ]
875 | 40.8 | 2089|101 | 415 094 | A7 &8 #® 75
900 | 4052056 103 ] 415 o0m7 | 24 8.1 £ 50
95 | 402 |as) 108| a5 008 | an 74 3 o2
S50 | 99.9 | 20.34| 108 | 414 080 36 a.1 5 ﬁgfs
a7s | @07 |zo2a| 1ab| 414 100 42 a3 . 5.0
000 | a4 leois]| 142 ] 413 1o | v 10,4 I 75
—1uu| 4 - —
600 650 700 TS0 200 @S0 900 860 1000
Frequency MHz

Figure D-3

750MHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Diethylene glycol monobutyl ether (DGBE), 25 — 48%

(CAS-No. 112-34-5, EC-No. 203-961-6, EC-index-No. 603-096-00-8)
Relevant for safety; Refer to the respective Safety Data Sheet*.

H20 Water, 52 — 75%
C8H1803
NaCl Sodium Chloride, <1.0%

Figure D-4

Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Item Mame Head Tissue Simulating Liquid (HSL 2450)
Product No. SL AAH 245 BA (Charge: 120112-4)
Manufacturer SPEAG -

I t Method ©

[SL dielectric parameters measured using calibrated OCP probe (type DAK).

Target Parameters

‘Ta:gai parameters as def ned in the IEEE 1528 and [EC 82208 compliance standards.

Test Condition

Ambient Condition 22°C ; 30% humidity
TSL Temperature 2370
Test Dale 18-Jan-12

Additional Information

TSL Density 0.988 glom”
TSL Heat-capacity 3,680 kJ/(kq'K)

Results

1900 | 205 (1199|127 [ 400 140] 10
1925 | 403 | 1208 | 125 | 400 140 | o9
1860 | 40.2 [1217| 132 | 400 140 | 06
1976 | 4.1 | 1226|135 | 400 140 03
2000 | 40.0 (1235|147 | 400 40| 00
2025 | 39.9 | 1244|140 | 400 42| .09
2050 | 898 (1253 143 | 209 144 03
2076 | 98.7 | 1260 146 [ 298 147 | 4
2100 | 396 | 1268[ 148 | 398 149 0.6
2125 | 385 [1278| 151 [ 2388 151 07
2150 | 39401284 154 | 287 153 | 08
2175 | 4w (1223|156 | 27 1se| -0
2200 | 992 [1302| 159 | 236 158 | -1
2225 | 3g.1 | 13.00) 162|396 180 | 1.3
2260 | 480 18T 165 | 396 162 | 14
2275 | 386 | 1325) 168 ]| 305 184 | 15

|Measured |Targst Diff.to Target [3:]

1 [MHz]| HP-2'| HP-&"[siamal eps sigmal A-eps _A-sigma 100
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2425 GE.3 1071 ) 186 ) 302 178 2.4

“mabn | 3m2 [1aya|dsn | o8z dmo)| 26
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Figure D-5

2.4 GHz Head Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in IEEE 1528-2003 and FCC KDB 865664 D01 vO1.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-l
SAR System Validation Summary
COND. PERM. CW VALIDATION MOD. VALIDATION
SAR
FREQ. PROBE | PROBE
SYS#T EM( [MHz) ru SN || e |[TROEE GAL e - - SENSK- PROBE PROBE |00 rvpe| DUTY AR
g TIVITY LINEARITY ISOTROPY : FACTOR
D 750 10/18/2012 3288 ES3DV3 750 Head 0.894 41.92 PASS PASS PASS N/A N/A N/A
D 835 10/17/2012 3288 ES3DV3 835 Head 0.899 42.07 PASS PASS PASS GMSK PASS N/A
C 835 10/15/2012 3022 ES3DV2 835 Head 0.927 41.81 PASS PASS PASS GMSK PASS N/A
D 1750 10/16/2012 3288 ES3DV3 1750 Head 1.386 38.47 PASS PASS PASS N/A N/A N/A
G 1750 10/17/2012 3213 ES3DV3 1750 Head 1.524 52.04 PASS PASS PASS N/A N/A N/A
E 1900 10/17/2012 3263 ES3DV3 1900 Head 1.446 40.76 PASS PASS PASS GMSK PASS N/A
G 1900 10/17/2012 3213 ES3DV3 1900 Head 1.562 52.56 PASS PASS PASS GMSK PASS N/A
D 1900 10/17/2012 3288 ES3DV3 1900 Head 1.446 40.76 PASS PASS PASS GMSK PASS N/A
A 2450 10/24/2012 3258 ES3DV3 2450 Head 1.876 38.41 PASS PASS PASS OFDM N/A PASS
E 750 10/31/2012 3263 ES3DV3 750 Body 0.955 55.45 PASS PASS PASS N/A N/A N/A
E 835 10/22/2012 3263 ES3DV3 835 Body 0.980 53.82 PASS PASS PASS GMSK PASS N/A
B 835 1/24/2013 3287 ES3DV3 835 Body 0.931 39.78 PASS PASS PASS GMSK PASS N/A
D 1750 10/16/2012 3288 ES3DV3 1750 Body 1.524 52.04 PASS PASS PASS N/A N/A N/A
E 1900 10/18/2012 3263 ES3DV3 1900 Body 1.578 52.61 PASS PASS PASS GMSK PASS N/A
A 2450 10/25/2012 3258 ES3DV3 2450 Body 2.038 51.68 PASS PASS PASS OFDM N/A PASS
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