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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - §N: 713

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2 S/m; &, = 52.2; p = 1000 kg/m®
Phantom section: Flat Scction

Measurement Standard: DASYS (IEEE/[ECFANSI Ca3.19-2007)

DASY52 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.42, 4.42, 4.42); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0OAA; Serial: 1002
DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Date: 100092013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 94,005 %/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 26.1 Wikg

SAR(] g) = 12.6 W/kg; SAR(10 g) = 5.89 Wikg
Muaximum value of SAR (measured) = 16.7 Wrkg

-4.00
9,60
14,40
19,20
2400
0dB =167 W/kg=12.23 dBW/kg
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Impedance Measurement Plot for Body TSL

18 Sep 2013 @5:50:30
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D2450V2 Calibration for Impedance and Return-loss

1. Test environment

Date September 18, 2014

Ambient Temperature 24.0 deg.C Relative humidity 50%RH

2. Equipment used

Control No. |Instrument Manufacturer Model No Serial No Test Item [ Calibration Date *

Interval(month)

MNA-01 Network Analyzer Agilent/HP IE8358A US41080381 [SAR 2014/08/21 * 12

MNCK-01 Type N Calibration Agilent 85032F MY41495257 | SAR 2014/08/18 * 12
Kit

EST-46 3.5mm ECONOMY | Agilent 85052D MY43252869 | SAR 2014/08/15 * 12
CALIBRATION KIT

MPSAM-03 | SAM Phantom Schmid&Partner QDO000P40CD 1764 SAR 2014/06/03 * 12

Engineering AG

MPF-03 2mmOval Flat Schmid&Partner QDOVAO01IBB |1203 SAR 2014/06/03 * 12
Phantom ERI 5.0 Engineering AG

MOS-30 Thermo-Hygrometer | Custom CTH-201 3001 SAR 2014/07/06 * 12

MOS-35 Digital thermometer | HANNA Checktemp 4 - SAR 2014/07/06 * 12

HSL.2450 Daily check

MSL.2450 Daily check

SAR rooml Daily check

3. Test Result

Impeadance, Transformed to feed point ~ |Head Deviation Tolerance Result

Calibration (SPEAG) 2013/09/10 51.8 Q+0.7;Q2 |- - -

Calibration(ULJ)2014/9/18 51.5Q+0.9;Q -0.30Q+0.2jQ +/-5Q+/-5jQ Complied

Return loss Head Deviation Tolerance Result

Calibration (SPEAG) 2013/09/10 -34.4dB - - -

Calibration(ULJ)2014/9/18 -35.3dB -0.9dB -34.4 *+/-20% |Complied

Impeadance, Transformed to feed point  |Body Deviation Tolerance Result

Calibration (SPEAG) 2013/09/10 48.7Q+2.8jQ - - -

Calibration(ULJ)2014/9/18 49.6Q+2.8jQ +0.9Q+/-0jQ +/-5Q+/-5jQ Complied

Return loss Body Deviation Tolerance Result

Calibration (SPEAG) 2013/09/10 -30.0dB - - -

Calibration(ULJ)2014/9/18 -31.0dB -1.0dB -30.0 *+/-20% |Complied

*Tolerance : According to the KDB450824D02
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Measurement Plots
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16. System Check Dipole (D2600V2,S/N:1030)

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

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

Accreditation No.: SCS 108

Certificate No: D2600V2-1030_Apr13

CALIBRATION CERTIFICATE

Object

Calibration procadura(s)

Calibration date;

D2600V2 - SN: 1030

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

April 23, 2013

Calibration Equipment usad (M&TE critical for calibration)

This callbration certificate documents the fraceability to national standards, which realize the physical units of measuremeanis (Sl).
The measurements and the uncerainties 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%.

Network Analyzer HP 8753E

Calibrated by:

Approved by

US37390585 54206

Mame
Jeton Kastrati

Katja Pokaovic

18-0ct-01 (in house check Oct-12)

Function
Laboratory Technician

Technical Manager

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

Primary Standards 1D # Cal Date (Canificate No.) Scheduled Calibration
Fower meter EFM-442A GB3T480704 01-Now-12 (No. 217-01640) Oct-13

Power sensor HP 84814 UsSarzazves 01-Mav-12 {Mo. 217-01640) Oet-13

Reference 20 dB Attenuator SN: 5058 (20k) 0d-Apr-13 (Mo, 217-01736) Apr14

Type-N mismatch combination SM: 5047.3 /06327 04-Apr-13 (Mo. 217-01733) Apr-14

Reference Probe ES3DVE SM: 3205 28-Dec-12 (Mo. ES3-3205_Dec12) Dec-13

DAE4 SM: 909 11-8ep-12 (Mo. DAE4-908_Sepi2) Sep-13

Sacondam Standards D # Check Date (in house) Scheduled Chack
Power sensor HP 84814 MY41022317 18-0ct-02 (in house check Oct-11) In house check: Oct-13
RF generator R&S SMT-06 100005 04-Aug-89 (in house check Oct-11) In house check: Oct-13

in house check: Oct-13

Slignature

=24

lssued: Aprl 24, 2013
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

5 Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

Accredited by the Swiss Accreditation Senvice (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

ConvF sensitivity in TSL / NORM x,y,z
N/A 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 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

c) 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:

*» 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 fo the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

s 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.

s 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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Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASYS V52.8.6
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters 22.0+0.2) °C T2+6% 1.98 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 15.0 Wikg
SAR for nominal Head TSL parameters normalized to 1W 58.9 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.59 Wikg
SAR for nominal Head TSL parameters normalized to 1W 26.1 W/kg £ 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m

Measured Body TSL parameters (22.0+0.2)°C 50.8+6 % 2.20 mho/m =6 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL

SAR averaged over 1 em® (1 g) of Body TSL Gondition

SAR measured 250 mW input power 14.3 Wikg

SAR for nominal Body TSL parameters normalized to 1W 56.3 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 6.30 W/kg

SAR for nominal Body TSL parameters normalized to 1W 25.0 W/kg = 16.5 % (k=2)

Certificate No: D2600V2-1030_Apri3
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 50.2 0 - 4.1 j02

Return Loss -27.8dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4620-28jQ

Return Loss -26.2dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.152 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 therafore short-circuited for DG-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 March 03, 2009
Certificate No: D2600V2-1030 Aor13 Pace 4 of 8
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Date: 23.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1030

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 1.99 S/m; &, = 37.2; p = 1000 kg/m®
Phantom section: Flat Section

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

DASY52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 28.12.2012;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
¢« Electronics: DAE4 Sn909; Calibrated: 11.09.2012
» Phantom: Flat Phantom 5.0 (front); Type: QDOO0PS0AA; Serial: 1001
« DASYS5252.8.6(1115); SEMCAD X 14.6.%7117)

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 = 102.6 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 33.0 Wikg

SAR( g) = 15 W/kg; SAR(10 g) = 6.59 W/kg

Maximum value of SAR (measured) = 19.5 W/kg

-6.00
-12.00
-18.00

-24,00

-30.00

0dB = 19.5 W/kg = 12.90 dBW/kg
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Impedance Measurement Plot for Head TSL

23 Apr ZB13 12:35:49
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DASYS5 Validation Report for Body TSL

Date: 23.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1030

Communication System: UID ( - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; 6 = 2.2 S/m; & = 50.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
» Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 4,32); Calibrated: 28.12.2012;

¢ Sensor-Surface: 3mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn909; Calibrated: 11.09.2012
+  Phantom: Flat Phantom 5.0 (back); Type: QDO0OPS0AA; Serial: 1002
« DASY5252.8.6(1115); SEMCAD X 14.6.9(7117)

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 = 95.799 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 31.6 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.3 W/kg

Maximum value of SAR (measured) = 19.0 W/kg

dB

0
-6.00
-12.00

-18.00

-24.00

-30.00

0 dB = 19.0 W/kg = 12.79 dBW/kg
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Impedance Measurement Plot for Body TSL

23 Apr 2013 12:35:25
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1. Test environment

Date 11,26,2014
Ambient Temperature 24.0 deg.C Relative humidity 40%RH
2. Equipment used
Control No. Instrument Manufacturer Model No Serial No Test Item | Calibration Date *
Interval(month)
HSL2450 Daily check
MSL2450 Daily check
SAR rooml Daily check
MNA-01 Network Analyzer Agilent/HP E8358A US41080381 [SAR 2014/08/21 * 12
MNCK-01 |Type N Calibration Agilent 85032F MY41495257 |SAR 2014/08/18 * 12
Kit
EST-46 3.5mm Calibration Agilent 85052D MY43252869 |Cal 2014/08/15 * 12
Kit
MPF-03 2mm Oval Flat Schmid&Partner QDOVAOOIBB | 1203 SAR 2014/06/03 * 12
Phantom Engineering AG
MOS-30 Thermo-Hygrometer | Custom CTH-201 3001 SAR 2014/07/06 * 12
MOS-35 Digital thermometer |[HANNA Checktemp 4 - SAR 2014/07/06 * 12
3. Test Result
Impeadance, Transformed to feed point |Head Deviation Tolerance Result
Calibration (SPEAG) 2013/04/23 50.2 Q-4.15Q |- - -
Calibration(ULJ)2014/11/26 50.69Q - 5.3jQ [0.49Q-1.2;Q +/-5Q+/-5jQ Complied
Return loss Head Deviation Tolerance Result
Calibration (SPEAG) 2013/04/23 -27.8dB - - -
Calibration(ULJ)2014/11/26 -25.46dB -2.34dB -27.8 *+/-20% |Complied
Impeadance, Transformed to feed point |Body Deviation Tolerance Result
Calibration (SPEAG) 2013/4/23 46.2 Q-2.81Q |- - -
Calibration(ULJ)2014/11/26 46.38Q0-4.471Q 10.18Q-1.67jQ2  |+/-5Q+/-5jQ Complied
Return loss Body Deviation Tolerance Result
Calibration (SPEAG) 2013/4/23 -26.2dB - - -
Calibration(ULJ)2014/11/26 -24.5dB 1.7dB 26.2%+/-20% Complied

*Tolerance : According to the KDB450824D02 or KDB865664 DO1.

UL Japan, Inc.
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Measurement Plots
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17. System check uncertainty

The uncertainty budget has been determined for the DASYS5 measurement system according to the SPEAG documents|[1]
and is given in the following Table.

Repeatability Budget for System Check
<0.3 — 3GHz range Body>

Uncertainty |Probability (ci) |Standard |vi

Error Description value + % |distribution |divisor |lg (1g) or
veff

Measurement System
Probe calibration + 1.8 Normal 1 1 + 1.8 o0
Axial isotropy of + 0.0 Rectangular  [V3 1 + 0.0 e
the probe
Spherical isotropy of + 0.0 Rectangular  [V3 0 + 0.0 o
the probe
Boundary effects + 0.0 Rectangular  [V3 1 + 0.0 0
Probe linearity + 0.0 Rectangular  [V3 1 + 0.0 0
Detection limit + 0.0 Rectangular  [V3 1 + 0.0 o
Modulation response + 0.0 Rectangular  [V3 1 + 0.0 0
Readout electronics + 0.0 Normal 1 1 + 0.0 o0
Response time + 0.0 Rectangular [V3 1 + 0.0 o0
Integration time + 0.0 Rectangular  [V3 1 + 0.0 0
RF ambient Noise + 0.0 Rectangular  [V3 1 + 0.0 o0
RF ambient + 0.0 Rectangular [V3 1 + 0.0 o0
Probe Positioner + 0.4 Rectangular  [V3 1 + 0.2 0
Probe positioning +29 Rectangular  [V3 1 + 1.7 o0
Max.SAR Eval. + 0.0 Rectangular  [V3 1 + 0.0 o0
Test Sample Related
Deviation of + 0.0 Normal \3 1 + 0.0 o0
Dipole Axis to +20  |Normal \3 1 12 |
Liquid Distance
Islfﬁté)r?gz:;é +34 Rectangular  [V3 1 +2.0 )
Phantom and Setup
Phantom uncertainty + 4.0 Rectangular  [V3 1 +2.3 0
Algorithm for
correcting SAR
for deviations +1.9 Normal 1 1 +19 o
in permittivity
and conductivity
Liquid conductivity +50  |Rectangular |1 078 | +39 o
(meas.)
Liquid permittivity +5.0 Rectangular |1 0.26 -1.3 o0
(meas.)
Liquid conductivity
- temp.unc +1.7 Rectangular (3 0.78 + 0.8 o0
(below 2deg.C.)
Liquid permittivity
- temp.unc +0.3 Rectangular  [V3 0.23 + 0.0 o0
(below 2deg.C.)
Combined Standard Uncertainty + 6.144
Expanded Uncertainty (k=2) +12.3
UL Japan, Inc.
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APPENDIX 3 : System specifications

1. Configuration and peripherals
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i |
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The DASYS system for performing compliance tests consist of the following items:

a) A standard high precision 6-axis robot (Stiubli RX family) with controller and software.
An arm extension for accommodating the data acquisition electronics (DAE).

b) An isotropic field probe optimized and calibrated for the targeted measurement.
¢) A data acquisition electronic (DAE), which performs the signal amplification, signal multiplexing,
AD-conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered
with standard or rechargeable batteries. The signal is optically transmitted to the EOC.
d) The Electro-optical converter (EOC) performs the conversion between optical and electrical of the signals for
the digital communication to the DAE and for the analog signal from the optical surface detection.

The EOC is connected to the measurement server.

e) The function of the measurement server is to perform the time critical tasks such as signal filtering, control of
the robot operation and fast movement interrupts.

f) The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the
probe positioning.

g) A computer running WinXP and the DASY'S software.
h) Remote control with teaches pendant and additional circuitry for robot safety such as warning lamps, etc.

i) The phantom, the device holder and other accessories according to the targeted measurement.
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2. Specifications

a)Robot TX60L

Number of Axes
Nominal Load
Maximum Load

Reach

Repeatability

Control Unit
Programming Language
Weight

Manufacture

b)E-Field Probe

6

2kg

Skg

920mm
+/-0.03mm
CS8c¢

VAL3

52.2kg

Stdubli Robotics

Model
Serial No.
Construction

Frequency
Directivity

Dynamic Range

EX3DV4

3917,3922,3825

Symmetrical design with triangular core

Built-in shielding against static charges

PEEK enclosure material

(resistant to organic solvents, e.g., glycol ether)

10 MHz to > 6 GHz Linearity: + 0.2 dB (30 MHz to 6 GHz)
+/-0.3 dB in HSL (rotation around probe axis)

+/-0.5 dB in tissue material (rotation normal probe axis)
10uW/g to > 100 mW/g;Linearity

+/-0.2 dB(noise: typically < luW/g)

Dimensions Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 2.5mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: 1 mm
Application Highprecision dosimetric measurement in any exposure scenario
(e.g., very strong gradient fields).Only probe which enables compliance
testing for frequencies up to 6GHz with precision of better 30%.
Manufacture Schmid & Partner Engineering AG
EX3DV4 E-field Probe
UL Japan, Inc.
Ise EMC Lab.
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c)Data Acquisition Electr

AE4)

Features

Measurement Range
Input Offset voltage
Input Resistance
Input Bias Current
Battery Power
Dimension
Manufacture

d)Electro-Optic Converter (EOC)

Signal amplifier, multiplexer, A/D converter and control logic

Serial optical link for communication with DASY5 embedded system (fully remote controlled)
Two step probe touch detector for mechanical surface detection and emergency robot stop
-100 to +300 mV (16 bit resolution and two range settings: 4mV, 400mV)

<5 uV (with auto zero)

200 MQ

<50 fA

> 10 h of operation (with two 9.6 V NiMH accus)

60 x 60 x 68 mm

Schmid & Partner Engineering AG

Version
Description
Manufacture

e)DASY5 Measurement server

EOC 61
for TX60 robot arm, including proximity sensor
Schmid & Partner Engineering AG

Features

Dimensions (L x W x H)
Manufacture

f) Light Beam Switches

Intel ULV Celeron 400MHz

128MB chip disk and 128MB RAM

16 Bit A/D converter for surface detection system
Vacuum Fluorescent Display

Robot Interface

Serial link to DAE (with watchdog supervision)
Door contact port (Possibility to connect a light curtain)
Emergency stop port (to connect the remote control)
Signal lamps port

Light beam port

Three Ethernet connection ports

Two USB 2.0 Ports

Two serial links

Expansion port for future applications

440 x 241 x 89 mm

Schmid & Partner Engineering AG

Version LB5

Dimensions (L x H) 110 x 80 mm

Thickness 12 mm

Beam-length 80 mm

Manufacture Schmid & Partner Engineering AG
g)Software

Item Dosimetric Assessment System DASY'S
Type No. SD 000 401A, SD 000 402A

Software version No.
Manufacture / Origin

h)Robot Control Unit

DASY52, Version 52.6 (1)
Schmid & Partner Engineering AG

Weight 70 Kg

AC Input Voltage selectable
Manufacturer Staubli Robotics
UL Japan, Inc.
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i)Phantom and Device Holder

Phantom
Type
Description

Material

Shell Material
Thickness
Dimensions
Volume
Manufacture

Type
Description

Material

Shell Thickness
Filling Volume
Dimensions
Manufacture

Device Holder

SAM Twin Phantom V4.0

The shell corresponds to the specifications of the Specific Anthropomorphic Mannequin

(SAM) phantom defined in IEEE 1528 and IEC 62209-1. It enables the dosimetric evaluation of
left and right hand phone usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on the phantom allow the complete
setup of all predefined phantom positions and measurement grids by teaching three points with
the robot.

Vinylester, glass fiber reinforced (VE-GF)

Fiberglass

2.0 +/-0.2 mm

Length: 1000 mm Width: 500 mm Height: adjustable feet

Approx. 25 liters

Schmid & Partner Engineering AG

2mm Flat phantom ERI14.0

Phantom for compliance testing of handheld and body-mounted wireless

devices in the frequency range of 30 MHz to 6 GHz. ELI4 is fully compatible with the
latest draft of the standard IEC 62209 Part II and all known tissue simulating liquids.
ELI4 has been optimized regarding its performance and can be integrated into our
standard phantom tables. A cover prevents evaporation of the liquid. Reference
markings on the phantom allow installation of the complete setup, including all
predefined phantom positions and measurement grids, by teaching three points. The
phantom is supported by software version DASY4.5 and higher and is compatible with
all SPEAG dosimetric probes and dipoles.

Vinylester, glass fiber reinforced (VE-GF)

2.0 £ 0.2 mm (sagging: <1%)

approx. 30 liters

Major ellipse axis: 600 mm Minor axis: 400 mm

Schmid & Partner Engineering AG

In combination with the Twin SAM Phantom V4.0/V4.0c or ELI4, the Mounting Device enables the rotation of the
mounted transmitter device in spherical coordinates. Rotation point is the ear opening point. Transmitter devices can be
easily and accurately positioned according to IEC, IEEE, FCC or other specifications. The device holder can be locked for
positioning at different phantom sections (left head, right head, flat).

Material

Laptio Extensions kit

POM

Simple but effective and easy-to-use extension for Mounting Device that facilitates the testing of larger devices according
to IEC 62209-2 (e.g., laptops, cameras, etc.). It is lightweight and fits easily on the upper part of the Mounting Device in
place of the phone positioner. The extension is fully compatible with the Twin-SAM, ELI4 Phantoms.

Material

Urethane

POM, Acrylic glass, Foam

For this measurement, the urethane foam was used as device holder.

UL Japan, Inc.
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j)Simulated Tissues (Liquid)

The following tissue formulations are provided for reference only as some of the parameters have not been thoroughly
verified. The composition of ingredients may be modified accordingly to achieve the desired target tissue parameters
required for required for routine SAR evaluation.

. Frequency (MHz

Mixture (%) 450 900 . 180yO( : 1950 2450
Tissue Type Head Body Head Body Head Body Head Body Head Body
Water 38.91 46.21 40.29 50.75 55.24 70.17 55.41 69.79 55.0 68.64
Sugar 56.93 51.17 57.90 48.21 - - - - - -
Cellulose 0.25 0.18 0.24 0.00 - - - - -
Salt (NaCl) 3.79 2.34 1.38 0.94 0.31 0.39 0.08 0.2 - -
Preventol 0.12 0.08 0.18 0.10 - - -
DGMBE - - - - 44.45 29.44 44.51 30.0 45.0 31.37
Dielectric Constant 43.42 58.0 42.54 56.1 42.0 56.8 39.9 54.0 39.8 52.5
Conductivity (S/m) 0.85 0.83 0.91 0.95 1.0 1.07 1.42 1.45 1.88 1.78

Note:DGMBE(Diethylenglycol-monobuthyl ether)
The simulated tissue (liquid) of 1800MHz was used for the test frequency of 1700MHz to 1800MHz.

. Frequency(MHz) . Frequency(MHz
Mixture (%) 650&750 1450 Mixture (%) 5800( )
Tissue Type Head and Body | Head and Body Tissue Type Head Body
Water 35-58% 52-75% Water 64.0 78.0
Sugar 40-60% - Mineral Oil 18.0 11.0
Cellulose <0.3% - Emulsifiers 15.0 9.0
Salt (NaCl) 0-6% <1% Additives and salt 3.0 2.0
Preventol 0.1-0.7% -

DGMBE - 25-48%
UL Japan, Inc.
Ise EMC Lab.
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3. Dosimetric E-Field Probe Calibration (EX3DV4, S/N: 3917)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Paramater Detarmined in Head Tissue Simulating Media
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irdcnlud ragusncy band

* B imousncies belaw 1 GHz, e wabdty of Soas paeamatens (rand abcan beeakoas 153 W% 1] Bkl congaisaikon kemdn g applied b
s 5817 vidleea. AJ freguenciion sberes 3 GHe, e aliokty of lssus paranmsters (o end o] B et 2 5%. Tha unostesty & he A58 of
FﬂwnFumin-h'ummmlinnwm

MltaTwrh s dsined cdiring calbeason SPEASR WRITenie tist s ssmain Smvintion dus 0 e Soundery aifec efer comsarmation b
by s thas = TS fon Feduiaidad bakiea 3 GHE i Dalies 3 2% b DBQUGEDEE Dolaaan 36 GH2 on ary Selancs Linges than half the probes to
pRamehed Irod T Bodradarg
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EXI0NS4— EREFDAT Wy 14, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Calibration Parameater Determined in Body Tissue Simulating Media

| 1Mz} " mer.:‘m:,' mﬁ" ComfF X | ComE Y | ConvF I | Alpha” m’* .E:IJL
(] 55,0 L a3 BLEG R a8 Q.05 105 | +133%
750 EES il ] X S8 .81 .61 LG +120%
GEL E5.2 p.ar Rl e 0,64 n.2a 1.07 £ 12.0 %
N 55 1.06 038 B30 538 0.26 1.12 120 %
14E0 4.0 1.30 B.35 B.35 B.35 .37 ad | +120%
SLioTH 538 1,400 B.50 B.50 BB 0. 085 | £130%
178 53.4 149 T8 | 7.8 7.0 045 0& | £120%
1&10 53.3 152 T.74 V.74 T4 DS P £120%
1L 53,3 1.52 ] T.E3 TS 030 1.02 120 %
1850 5aa 1.52 TG 796 743 as1 | 0rF | #120%
2450 BT 1.88 70 70 720 | 0.TH 057 £ 12,0 %
2600 ferds 2.16 7 71 | T 0.8 0EY | £12.0%
B200 490 5,30 sa2 | EQ2 B.02 135 | 180 | £131%
3 488 547 442 402 4,82 035 1.50 131 %
SE00 il SEE 4.86 .44 446 Das 150 £131%
SEOD 48.5 a7 4.26 4.76 4.76 035 | 180 | £131%
5200 an.3 .00 4.52 457 | 452 | 040 | 180 | £131%

U srncy enbdiy of 2 100 kitz on e ' DY vl & e b 558 Page 2], edss ki rasiricied bz i 50 MHe. Abaea B OHE Pesuonsy
ﬂmmhm::-ﬂn:-:-11||:I!.Il-'lz'h:1'l-m:mwthmr;::hgfumiumﬂnhﬂmwmﬁmFﬁﬂ
Il Presquerecy G

Ak frogeeraosas helow § EHz, ey of Hasas pormerdens [coand o] o b idised W2 0% o com poresrion emdls b agpled o
meagires] SAR ephpss . A requsnciee sboem 1 GHe, tha vty of Enivos sarasal s and o) B sssiimed in = 5%, The grosrping vt R55 of
Iﬂ-ﬁaﬁflrﬂuﬁrﬂhuﬂuﬁdhﬂllhlﬂpﬁﬂﬂﬁ
Apuhmt-mﬂhmuuh]mtnﬂr.ﬂﬁ*ﬁﬂm:Imhmwﬂﬂhhbmﬁmwmwﬂtﬂh
phaxps lags han & 1% kor freguencian balow 3 S aned blow = 2% foe inequendiss 1o (3L oi 3ny daiance inrger Ran hall the proba Lip
iy bom the brorakeey.
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EXADNE— EM: 30T Pary 14, B4
Frequency Response of E-Field
(TEM-Call:ifi110 EXX, Waveguide: REZ)
14T : ; ]
b A — |
'E 13_5 . - _ .........................
2oL i. i ; i — -
E E. H H H E
E 114 & i i l
g e ;
E im - N R TT TITrErrre L.
I ' ! '
IE- j_g.-__ ............................................................................................ - ................. -
LS : - ;
g E i
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[ F E I | i | L b b L LI i | —— i1 il
i) 5-'.!III 100 1500 2000 2500 EED:I
f[Fs1Hz]

Umcertainty of Frequency Responss of E-field: £ 6.3% (k=2)
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EXI - S5 T Mgy 14, Z14
Receiving Pattern ($), 3 = 0°
=600 MHz, TEM f=1800 MHz R22
E | - | . f "~ -' T s
" J o .._"u.. B ng e - r : -_I*_:"-:-:-.- o4 o "o
L | .'|I . f ' -.' I .'
] R - 13 < " . P m
— g
[ ] [ ] [] ] E ]
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% nf -+ k=t-pa ;---—-—-1:-.-'.. .—.-.._.. .._'_--I-—i—'r-l-—ll-l-i—!-l-- hj—t_.__._q__é E-
P S S S SN S L
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il 1o

Umcorainty of Axial isotropy Assossment: ® 055 [K=2)
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EXI0YS- BN T

Dynamic Range f{SAReaa)
(TEM cell | fyeu= 1900 MHz)

i

[Ar] Eubes Jduj

oz
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g
HEH

= Sttt
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—— 11
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LUncerdainky of Linsarity Assesnmeni: £ 006% (k=2)
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EXIOV = 5H3817

Conversion Factor Assessment

=206 Mz WELS WS (H_sany)

I | =
sl
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Py ]
anf %
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Deviation from Isotropy in Liquid
Error (4, 8, f= 900 MHz

-0 -oo -0 -0 €2 o0 oE D4 Q% Qp 10
Uncariainty of Bpherical lotropy Assessmant: £ 2.6% (k=2)

= 1750 WHE WELES RE2 (H_pemeF)

Wy 14, 24
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EXA0Y- SxamT khay T4, 2114

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3917

Other Probe Parameters
Sansor Amangement Trianguiar
Connector Angle () 114
Mechanical Surface atection Moda anabied
Optical Surfaca Daleotion Boda disabdad
Frods Jesmrall Langih 337 mm
Probs Body Diamater 1l mm
Tip Lergth o mm
Tip Damater 2.5 mm
' Proba Tip 1o Sensor X Calbration Foint 1mm
[Probs Tip to Sensor ¥ Calbration Sant 1 mm
Praba Tip io Sensor £ Callbragon Poird 1 mimi
| Recommended Measurement Cistance from Surface T T Zmm
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4. Dosimetric E-Field Probe Calibration (EX3DV4, S/N: 3922)

Callbratlon Laboratory of Satwnaarischar Habhriestiarsi
Schmid & Pariner Baiviss sutiss SHabnnags
Engineering AG Sarvain svizzero di tanades
Eweghsussirasss 43, #0582 Zurich, Switzsrland Sawigm Calitrpton Sandce
Beosuditad by Ul Bwies Aocrediialkon Sendcs |[SAS) Ancradiation Mo,! SCS 108
The Swisa Accreditstion Bandos @ ore of th Slgaatersss 1o te E&
Multilninrsl Ag fior tha -l of calibration certificales
tiam UL Japan [PTT} Cartificate Wo: EX3-302F Junid
CALIBRATION CERTIFICATE |
[
Cibjict EX3DW4 - SM:3922 |
Calibrakon prooecure(s) O CAL-0 w3, Q8 CAL-12v8, A CAL-14.04, QA CAL-23.v5,
O CAL-25.95
Calbration procedurs for dosimatric E-field probes
Cabbyalion S June 13, 214
This calbestion certficaie do inthe w whizh nisa s i pheial enits of reasurements {51

Tha maasuremants and the enosriainiies i comidencs protatiity am gheen on e follewing P i &k pa o e ceifoae.

il calbraioi D bein conducted in ths oosed asoraiay oty smarmnmen| iempsmriunm [ 370 and homidty © 700,

Calizrmticn Equipment wssd (MATE critcil o conits sl |

Elandonds o | cinl Clnim | Cariestn b Sonaiuied Cabibrason ]
Prrwer matar E44 108 CEA 12T | DZape:14 (o, 270151 1) Spr-13
Proriia g E4& 13, Y4 JEB0ET O3-Ape-14 (Mo 217-0081 1) Apr-1%
40 S BE0E |5 05 Apr14 (Mo, 2170505 Apr-1
Rafirasca 30 68 Alaraialoy S BEITT (A6 CoRAEr-14 (Mo 2170185 Apr-15
Rederarcs 30 o8 AHerusior Skt S0 00 E-Bd- 14 Mo 270718000 Apr-15
Fofwranca Foche ES30MVE | SH 313 BTG 13 (Mo, ESI-3010_Dac1i] Duaz-14
OnES SH W0 13D~ 15 [, DAE4GE0_Dwcd 3] Dhzg-14
Seoondary Slandends I1] Chaih: Dik i Pesueiad| Echedulad Check
HF generricr HI* BRIBC | LIS 3843104 700 S-4sp-B8 |in house chack Aer-1) In s ik Apr-16
Hubweik: Anabypar HE BTSHE LIS AT 3RS0 18-0icH31 [ Benrii £hsh Oot-13 I b chasck: Oct-14
LT Furiiion Sigrarhaii .
kb bl by Jein Hoasieshi Lazaratery Technuiin Ry *
g _l_ ,ﬁ-alf_Fc'_ =

L
| R

Approved By Filja Pokurs Techrical Kanager ,"e;?_f?ﬁ f:

Issimd June 13, 24

This caliomiion certficaie shal nol Be reprocuced s in hall wilboesl willen approsal of ihe laboesiony
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Calibration Laboratory of o) Schwatzerisoher Halleardienst

Schmid & Parner ] S bow woel b € bta b g
Engimearing AG - o Sarvioe wvazera 4 laratura

mams:mrumg-!.m:unm.wmm %"{ Swins Callbrafion Sarvice

Acoredied by the Swiss Aoceedialion Bervice [BAE) sacrediation ket SC5 108

Th Bmiss St ondllition Samress B omd of U S igealorss 1o B B4

Mellilaleral dor B recogniticn of zurlitalm

Glossary:

TEL trsue simulating liguid

MORMs,y 2 sanaitily in lree apaca

ComF sangildly in TSL  MORM:, v 2

ocP dinde compressian pong

CF orest factor [ 1Mduty_cyzia) of the RF signal

& B CD modulation dependent lineanzabion paramefan

Polarizalion p rotation eround probe axis

Palarizaton & B rotation around an axis thal is in e plane normal 1o probe aeis (el maasuramsant cemarg,

i.e., 8 = [is normal to probe axs
Connector Angle information used n DASY system o align prabe sensor X o tha mobol Goondinale syEbem

Calibration is Performed According to the Following Standards:

a} IEEE Zad 1528-2013, “IEEE Recammendad Praclics for Determining (e Peak Spalial-Avaraged Specilic
Absorplion Fate [SAR) in the Human Head lrom Wireless Communications Devices: Maasuramant
Technigues", Jurm 2013

n IEC 623081, "Pracsdura to measura the Spacic Abeompion Rate (SAR) for hand-held devices used in dicss
praximity to tha ear (requency range of 300 MHz to 3 GHz)®, February 2005

Methods Applied and Interpratation of Paramaters:

v NORMY p F Assecaad Tor E-Teld polarization & = 0(f = 300 MHz in TEM-cel; = 1800 MHz: R22 waveguide].
MRy 7 aa anly imlarmeciaia valuas, |Le., the uncarainties of MORM:,y = does not affect the E*-fiekd
urcartainty insice TSL (see bolow ComeF).

NORM .z = NORM: p r * reguency_respanse (See Frequency Responsa Char), This insarization s
implamented in DASYY Sollwans vamiona lalas than 4.2, The uncanainty of e fl'B‘f.F'Bﬂl:]l resporse 5 included
in thae ghated wnoartainty of ComE,

« OGPy r DCP are rumerical linearization parameters assessed based on e data of power sweap with CW
sigral {no uncerlainky regured). DCPF does rol depend an frequancy nor msadia,

s PAR PAR is the Pask 0 Avarage Retio Mal s not calbrabed bt detesmined based on the signal
characianstics

s Axypx Bepr Cryr Do VRwys A G, C, D ae numencal linearization paramabans sssassed Dased on
the data of power swesap for apeciiic modulation signal. Tha peramaiers do nal depend miﬁqum rar
madia. ViR is e masdmum caliratian rangas axpressed in RME woltage across the diode.

#  ConvF and Boundary Efoct Paramaters: Assssssd in lal pharom using E-field {or Temparahas Transher
Standard Tor [ < 800 MHz) and insics wavaguide usng anahtical field disinbutions bassd on power
mesasuramants jor 1 = 800 MHz. The same sstups are used for assessmeanl of the parametans. applied for
boundary compensation (apha, depth of which typical urcerainty waluss ane given Thess paramelers are
used in DARY4 safbware o improve prabe acourscy closs o the baundary. Tha sensithaty in TSL comesponds
o MOFA p 2 " CanuF wharekry The uncarainty comesponds o that green for ComeE, & Srequency dapendent
Cion i used in DASY varsion 4.4 and higher which alivws extending the validity from 2 50 MHZ 102 100
MHz

v Sphercsl isolropy (G0 dedabion Fom sobaoyl ina fiekd of low gradients realzed using a fied phantom
e posad By & pabch anlanna

= Sensar (¥zar The sensor affset oomesponds 1o the offsal of vitual measunement canbar from the probe Bp
[an probe axis). Mo tolerance regquinsd.

«  Comnecior Argle: The arghe i sssesaed using e information gained by ceiemining the NORLE (o
uncatainly mquined),
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EX3A0V4 = SH:3822 Juirex 13, 2014

Probe EX3DV4

SN:3922

Manufacturad: March 8, 2013
Calibrated: June 13, 2014

Calibrated for DASY/EASY Systems

{haate: nan-compatiole with DASY 2 sysbem!)
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EXIDN - BNCIB2E June 13, 2074

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Basic Calibration Paramelers

Sensar & Tonsor ¥ Senmar £ Une (k=) |
By (i 0.37 45 050 41001 %
[ 102.0 [=E] ) 1020
Modulation Calibration Parameters
o Communicalicn Bystam Nami A B C o wE [I[3%3
dB dBy N a8 i =2 |
[} =] X [i17) 0.0 10 | 000 | el | s
— ¥ | oo 0.0 11 EE]
£ an [ER1] 110 1855

The reparled uneertainky of measurement is stated as the standard uncerainty of measurement
muHiplied by the coversge factor ke, which for a normal distribution comesponds 1o a coverage
probability of approximatehy 55%.

A T udersainies of Nomi.y Z oo not aflect the E'-liekd uncernisty inside TSL [mee Pages S nd B)
" i el Diviieriz b pararerien unosniaimty nol reouied

 Uncsrtanly & delimited «sng Ba mas. deviaion fom lnsar response ap afd b anprassid for the squam of e
ikl wnluR

Catificais Mo EX3-3022_Junid Page d ol 11
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EX30d— SN 3E2 June 132014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined In Head Tissue Simulating Media

P wHe)© | nf'.m"ﬂ' {:nr[;rra:u_m | CowP X | ConeF Y | CanvFZ | Alpha® u 'flh':!?
50 A2 5 0,89 10,78 10,78 10.78 k13 1.00 + 133 %
750 414 0,85 10.44 10 d4 1044 naz2 1.3 + 120 % |
B35 41.5 .80 100G 1003 003 026 1.14 £ 12.0%
S04 41.5 087 B4 e 594 0.34 0.83 +12.0%

| 1450 40.5 1.20 BB B80 &80 .82 .66 t12.0%
1640 0.3 1.3 B4 B4 .04 073 0.6 £12.0% |
1750 401 137 B:28 528 .28 0,80 .88 & 120%
1810 400 140 &0 810 410 iLB0 058 + 120 %

| 1800 0.0 1.40 8.10 8.10 B0 | 048 | 073 | +120%
1850 0.0 140 T.a4 T84 .54 044 n7e + 1240 %
2450 3.2 1.80 .2 .28 .28 037 0.8 £ 12.0%
2E00 0 1.86 .11 711 741 036 0.94 +12.0%
5200 .0 .66 ] 535 536 0.30 1.80 £131%
B3} 35.8 478 4.84 494 404 035 | 180 | =134% |
S50 356 4 56 4.7 4.76 476 0,35 1.80 2131%
s600 | £ 507 481 461 4,81 0.40 1.50 1131 %
SA00 A5 537 | 45E | 485 | 4.56 0400 1.80 +13.1 %

F Foapeaney valaily abowee 300 WH of + 100 M only apphes o DASY w84 6 Rgher (508 Page 2}, ek i is esincied i @ S0 MHz. T
iy & e FSE ol the ComF y ol sl v inceriainty for the indicaiesd fraquancy bard. Friquascy vkt
Blonm 00 MHE B £ 90, 25, 40, 50 ard 70 MHE for Gore? sasmsamenes a5, 64, 128, 160 and 220 MHz reepechively, Abares & GHe Fiquincy
bty cin b @sdiadoed o £ 710 Mz

F Al irequencies below 3 Gk, e wabdity of lssu poram elons (o ond &) can be nelroed too2 1005 i liguid oo perarion fomala is sppded in
mmmured SAR wakies. & Mroguonciss abaws 3 GHE the wsbdty of Insus paras e (0 and &) & resicled o ¢ 7%, The sncartsinty b U RES of
e Cond™ usdartanty ko ndkaied large| tesss penmeian

’mﬂ-ﬂmnlnfqmnmammw:m SR AL vk Lhal U ramanisg desianon due bo e boundery sffect afle il i &
s s Hean & 1% far fregudndies baiow 1 Gz and belom § 2% tor iequarssis beitwinen 35 GHE ot ay distance Largar than half he ot G
diprrestar from B boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivily Depth " (=) |
| fiMbz)® | Permitsiiey” {5 " CesnF X | ComvFY | ConwFZ | mipha" | mm} [k=2}
FAl 550 .55 10.78 10,78 1078 048 190 | #133% |
|_fs0 | &85 .56 10i04 1004 1004 041 068 | =120%
(LT 55.2 0.7 598 548 948 1027 118 | =12.0%
200 55.0 1.05 wrr a7t 417 .54 075 | =120%
1450 54.0 130 aA? .57 8.57 0.57 GBS | #120%
1640 534 1.40 &.57 8.57 85T par | oew | 4120%
1780 6.4 148 .09 a.08 a0 053 0.95 +120 %
1810 55.3 1.52 1.06 786 T.96 0.44 0r7 | +120%
1900 533 182 | ‘ras 1.85 7.85 044 080 £12.0% |
1950 533 1.62 B.05 B.OS 805 0.38 .85 £12.0%
FAGD &7 1.35 7.58 7.3 7.36 [ 056 | £120%
| 2600 52.5 218 T3 p A I Q.80 0950 | £12.0%
S200 4.0 5.30 442 442 4.42 Q.45 1.90 | =131%
5300 4R.4 R 4.15 4.15 4,15 0.50 1.80 | +131%
5500 ABE EBE 3.88 389 g | 0.Ed iB0 | #931%
BE00 48.5 577 .85 385 185 0.50 1.90 +131%
SR 45.2 .00 .08 3.88 398 | 050 1.90 l £ 151 %

“ Froquency validly shows 200 Kis of & 1990 MHe only agpl for DAY w4 ond nigher (pos Prge 7, sbes d in mekrictil o+ 50 WH2. The
incertminty i tha FS5 of the Comef uncertinty G Sablea b0 Mequanoy Snd the unceripinty for the indeatied frecusncy bend. Frogusscy velidly
bairae 30 MMz |5 & WL 2%, 40, 50 and 70 ke fur Coin ok bmims o B0, B4, 120, 150 snd 730 M reapectrsily. Abdwis b GHZ Ingueency
wil iy can be sdenoed i 8 110 Mris

" AL fmouences Bebow D OHZ o vilidty af Hoesse pyrrmesecs (o and o can b koo 12 2 10% 1 ligeid comperealion formads = spoad 1o

rgsiped S wplgen . A frequescien sboeni 3 GHE, P vilaly O LS5 o s i and ) 1ot T Thi uncenisisty i the FES of
iTsy CoasF uraraity for tmged 2anm hids
 hiptafDeni ars delemminesd dunng calisntien SPEAG waimanis thal the nemainiag deverion dun 1o e beunSiny efec afler compensation &

aitwad s 385 an + 16 for Feguencies bekre & G and bekies £ JE lor raquenoes et 3-8 GHe ol sy dttarc Larger han halt the probe Sp
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Frequency Response of E-Field
[TEM-Cell:ifi110 EXX, Waveguide: R22)

Fraguency respanse (normalized)
=
1

2000 2500 3

-

il

Uncaniainty of Freguency Response of E-field: & 6.3% (k=)
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DE—
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a 500 gluu] 1500
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Receiving Pattern (¢), 3 =0°

f=6:00 MHz. TEM f=1800 MHz R22
o X ". : = T : :
1]
2 - . X iy A i
i = ¥ - A a Ll - | == B 1 | = § b2 e L] 1
i
* |
1 I - E“'” 50 i) 1
".l'l‘l-.- & '-ITL _I'I. Tk

Uncertainty of Axial lsotropy Assesamant: £ 0,.5% [i=Z]
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EXI0Vd- 5

June 13, 2014

Dynamic Range f(SARq.q)
(TEM cell, Fuu= 1900 MHz)
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Conversion Factor Assessment

f = QK WAHZ WELS Ra (H_comF) [ = 1810 b WELS REZ (H_corF)
$ B
@
2
! i,
| ]
i o ] '\. " i 5 T o o
N B |ll:- = rle=
= = = 5
Deviation from Isotropy in Liquid
Error (§, 3}, 1 = 900 MHz
A0 -08 -6 -4 02 00 02 04 Q48 @& 10
Uncartainty of Spherical lsotropy Assessment: £ 2.6% [k=1)
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EXA0NE- 5N 3522
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3922

Other Probe Parameters

E Sansor Arrangemen Tn:ngm

Connector Angie ) 07
Mechanical Surface Detection Mode anabiied
Optical Surface Detectian Made i aibres]
Prabe Croarall Langlh 337 mm
Prabe Body Diamaiar 10 mm
Tio Lergth B mm
Tip Dianmebar 2.5 mm
Frobe Tip ta Sensar £ Calbreton Point imm |
Probe Tip fo Sansor v Cabbeagcn Point 1 rmm
Froba Tip to Sansor £ Calibration Paint 1mm

Racommended Messuneenent Dislancs fnom Surlacs

1.4 mm
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5. Dosimetric E-Field Probe Calibration (EX3DV4, S/N: 3825)

Calibration Laboratory of
Schmid & Partrer

Englneering A5
Toughinsusirasse 43 BIB4 Zurich, Swilznriand

Aot by the Swiss Acradiion Samvice (S

Thia Swiss Aecradilation Sanvic i one of fha slgnaterdos 1o the EA
Midtilataral Agrosmant for the recogniion ol callbiion cerdficoae

Annies guimen dWalnnasage
Sorvizio svlzzees di mratura

8 Buwiss Cablinalien Bervice

Aporediizsion Mot SC5 108

ciem UL Japan (Vitec) Gerificain Mos EX3=3825 Dacld

CALIBRATION CERTIFICATE

Dzfact EMADNG - SH:3825

Catiztntian prcademis] Qi CAL-DT AR, O CAL-14 v, Coh GAL-23 08, Q8 CAL-26vE
Caliralion procedure Tor dosimeiric Efield probas

CaWsmian dab: Dacember 16, 2014

Calisnalian Equipsiant wead [METE anlical for calivabon|

Tiis calsrplion Cortficals Socee a1 the rarea bty 1 nedonal $a9akesds, Which ealios th phiecal wiits of # iaseramin b (5.
T s painere ey and e U noanaiis sl Sonfmnce probatiiy aie grein on i ko iy pagas dnd o pa ol e ok

Al caltroions have beon condeciid in b closoad |aboramory Ml Iy, S inment Empeisdurd (33 + 370 and homidily < T0%.

This cabvatian cortificale shafl ral be repecduced scopl is bl sl srifos sppieal of the

A

Exswid; Decomber B, 200

Primary Stardanis ] Cal D (Gerifioate Mo ) Boheduled Cobbraion
Perwar rmtsar EA4 VOB (B4 LT (1 pr-t4 [Wo. 21701871 Apr-18
Frewer senam E4H1ZN M 4149 E0ET D3Ape-14 [No_ 21701811 Apr1E
} A ofl A SH: G505 {3ch [f-Apr-1. (ko 21701815 Apr-15
Rakionco 20 dB Aosuakr | BN: BE2TT (20w D3 Agw- 54 (Mo 217010150 A 15
Relarence 30 dB Amruakyr | SN: 55129 (00| 3-Ape- 1 (W 217-01820) Ape-16
Fabaronci Froba ESA0VE EN: 3811 #0-Dae-13 (Mo, EB3013_D4ec1d) Dac-14 B
DAE BN: TR | 20-Ape-44 (Mo, DWE-TER_Aprid) Apran
Sncondary Slondads o | Creck Dol n houssy Schedules Check
FF gursaaior HP BS4IC LIS 700 400 (in houss chock Apr-13y I housa check: Apr.96
Matwork Anatyzer BP BTEIE | UBZ7I6058E 18-0ch0n (in house chack Do 14) In hoves check Da-15
Mame Fursizn B risg
Callwaicd by: iwan E1-Houg Latoratony Tachnicln /’/‘l/g g
pava——— Kinja Pekirde Tthakai] b aghe o
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Calibration Laboratory of T Selwaloaieshar Kaibriardmnst
Schmid & Pariner = : i ,
Enginaering &G —— g Serviwosvazeo di tratum
Zzughausssresen 43, 1004 Terich, Smitarined -":;:; Ewins Calibration Sondos
Arcragnad by ha Swes Accredinticn Serdoa [SAE) sacraditalion Ha.: SCS5 108

Thet Bretis Aoeradiaiien Borvico is on of tho sgnalones bt E4
Pl itaral Sgraarnest Tor lhe recopnllioms of ¢ aliboation cartilicatas

Glossary:

TaL lieziia gimidaking Riguid

MNORKEY.Z sansilhvity in fres spaca

CanwF sansilivity in TSL ! NORMxyz

oCP dicda compressian painl

CF cras facher (10duty_cycle) of e RF signal

ABCD madulation depanden] Fearzalion parametans

Polarization ¢ u rodation amcund probe ais

Folarizatian & & rofabon arcund an axls that s in tha plane normal to probe aos (a1 measurement cenbar),
fod, B = Dig marmal e probes axs

Connecion Angle Infeemation wsed in DAY syater to sllgn probe seraor X o the robol coordingta sysiam

Callbration is Performed According to the Following Standards:

a] |EEE Sid 1528-2013, "IEEE Recommended Praclice for Determiring the Prak Spalial-bveraped Speofic
Absorpticn Hate (SAR) in tha Human Head from Wireless Communications Devices: Measurement
Techrigues®, June 2013

bl IEC 822081, “Procadure o measure the Speciic Absceplion Rate (SAR) lor Fand-hald devices used in closs
proximily 1o the ear (ragquency rangs of 300 MHz 0 3 GHzT", Fabnuary 2005

Methods Applied and Interpretation of Parameters:

& WNORM: .z Assasssd for E-fiekd polarizstion & = 0 {F < 800 MHz in TER-call; = 1800 MHE: RZ2 wavaguiia)
MORMxy = are anly inlermedsie values, e, the uncatainlies of MORMs,y.x does. mol alfed he E™-ficld
uncanainly inede TSL (eas bakre ComFE)

& NORM{ .7 = NORMey. 7 * fraquancy_respanse [sse Frequency Response Charf). This insanzalion s
implamemied in DASYY softwans versions laber than 4.2, The ucatainty af tha regquency responsa is incudad
i Ehe slabad uncamainly of ConeE,

»  DOPypr OGP are rumerical ingarnzation paramelers assessed based on the data of power sweep with CW
sigral {no uncertainky reguired|. DCP does not depand on freguency nor media.

= PAR PAR is tha Peak to Average Ratio fatis not calibrated bul delarmined hased an tha signal
characlanalics

o Avpr Hepr: Cryz Dwpz VAxpz A 8, C D ae numernical insanizalion paramelens s based on
the data of power sweep for specfic modulstion signal. The parametars da nod depand on frequensy nor
ek, ViR he rasimum calibration rangs axpracesd in AMS vollags across the dode.

s« ComeF ann Baundary Sfecl Pemmalers: Assessed in flal phantom using E-field (or Temparatune Trarsin
Slandand for [ < B00 MHE) and insade waveguide wsing analylical feid distibsions based an poeer
measuraments for 1 > 800 MHz. The same setups are used for assessment of the paramelers applied for
houndary compansation {alpha, depth) of which typical uncedainly values se giaen. Theas paramaban e
used in 0A5Y4 softwars to improve prabe accuracy closs (o the boundany. The senslivity in TSL comesponds
I WO 2 * CovtiF whesebiy the ungaainty cormasponds 1o tal given tar ConeF. & frequency dependent
Canvf ia e in DASY varsion 4,4 and higher which allows exiending the wvalidity from 4 80 MHz 1o+ 100
MHE.

«  Spharical isofrapy (0 devialion fow Bedrepy): in g fisld of low gradients realized wsing a flat phantom
Eﬂr.l:ﬁ&d Iy @ pabch anbanna

»  SansorOffser The sansar offset comesponds ta the alfset of virlual measuremsant canar from e prabe tip
(an probe axis). Mo taleramoe reguined.

s Comneclor Argle: Tha angle i sssetasd using tha informabien gained by debsmining The: MORLY (no
uricartarly requinsd ).
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Probe EX3DV4

SN:3825

Manufactured:  September 6, 2011
Calibrated: December 16, 2014

Calibrated for DASY/EASY Systems

(Mt man=gampartinks: with DAGYZE sysiemi)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Baslc Calibration Parametars

]  Bansor X Sandor ¥ Sepsor Z Une {k=Z]

Merm {Eiimi" 044 [EE p43 | #00 %
| DGR l""'-'i! GEf L Ba
Modulation Calibration Parametars
[ Communicalion Byslam Nams 3 = € 5 R T

. - S _ b ] dBviEy | dB my {k=Z)
I—':' v . x| oo oo 0 | 000 | WED | 7%
¥ 0.0 o 1.0 TLE] o

L | o0 | oo | 1a | 120,3

—

| The reportad uncartainty of measurernent is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a nommal distribution corespands 1o a coverage

| probability of approximatehy 95%.

:TM urcadtainies of Hom LY 2 do st afieck the E7 g wneenisisty imside TSL (s Pages 3 and 0]

o Mrtarical | inenramtion paremeier uroenaivy nel s nid

F;-'d‘“"-“'*!r i dederminesd using e ma. desialion from i spens speivisg ncinaguinr disinbulion and |3 sxpressad 1o the souans of i
wrlim

Corflcala Mo EXI-3825 Decid Page 4o 11
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EX30NE- SN 3RES

Dz

arnisar 16, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

qulhraﬂnn Paramater Determined In Head Tissue Simulating Media

T Tt [ Condustity Depih :
PimtHe] " | Parsitivy _|&tm] Conyl K | ConvF ¥ | ConwFZ | Algha® |  jmm) [k=d}
750 1.9 089 10 | 1010 | w40 | o35 | oar | s1zow |
835 4.5 B9 e77 | o7r | e7r | 025 | 104 | r120% |

| aop #.5 097 es0 | s | ese | o3 | om | s120m

! 1750 401 137 46 | ods | @46 | o073 | omr | 120w |

1810 40,0 140 BoS | BOA | &08 | 028 | 108 -rs 12.0 %
1900 40.0 1,40 795 | 795 | 795 | o5 | oss | +120% |
1950 400 1.40 7.69 758 756 | 049 | oro | x120% |
2000 400 1.40 176 | 775 | 776 | oa | omr | sizow |
2450 302 180 vos | 708 | 706 | 027 | 111 | 120w |
2600 3.0 1,98 687 | Bsr | s87 | o3 | osn | s120%m

| 5200 38.0 4.68 514 | B¢ | &4 | oan | 1m0 | gvaam
5300 358 478 485 | 4955 | 485 | oo0 | 1m0 | e1aam
5500 356 498 473 | a3 | 473 | o035 | 180 | £130% |
5800 | 385 B ags | aes | 466 | oas | 1m0 | s134%m
5750 354 522 473 | 473 | 473 | oo | 1m0 | 134w

|__sA00 353 5.27 450 | 450 | 450 | oap | 180 | +134%

E Fraquency walidity shosm 350 MHz of &t 10 Mrr crily appies for CLASY e A and highee (ses Page 71 slee | 8 ecdacied oo 30 RiHg. The
unceswniy i ihe HES of the Conad wroedeinty ai colbrption frequency and the unceripialy for the indicatsd freousnoy band, Frequency valdiy
b berae 300 Witr tn & 10 255, 4], 560 pne T W 2 for Cora P aossesameermis o 00, G, 0230 150 anc 730 MET reepecivaly. Abarses & GHE egeenoy

vl iy . be podenond i 2 110 Mz

¥ s Bokiw 3 OHE, P vakdlly of Uiesa panambes b ond =) can b iaassd 102 1006 Tlgeld oo panscsan fomle B apied 1o
maseyred S4A apbiee. A froqusacies phoss 3 GHE (ha valicdity of Deeie porameters e ond' &) i erincied 1o + 6. The urcestainty i (he BES of

Ihe Comef” uscariainty lor nacaled g el S1eus pramelee.

 AphaTieph am delemingsd duisg ci¥bman, SPEAG wammks Ul i remssing coenton bue 1o e beandeny eftect ahar compensaban &

alearys [oss than & 1% dor ieguencies balow 3 GHz and boloes + 2% for frequancies borwsan 2.6 GHz ot .ony disiance agor than hal the probe iip

o pamieiar o e boinderyg

Cartlicalo Mo- EXI-3220 Decld
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Calibration Parameter Determined in Body Tissue Simulating Madia

= Roissive | Canductyity Degth® | Unct
f Mz} Parmisilviy S Convf X | ConvF Y | ConwFZ |Mdpha® |  (mm} =2}
___ThD 505 i}, 95 L] B .40 048 O.Te t120%
fas 56.2 .57 | G40 549 585 036 111 + 120 %
200 55.0 L5 B2r 827 | 827 | 0fd | oro | s120%
1780 534 f.49 T84 T4 7.4 0.38 0.A1 E12.0%
1810 53.3 152 7.77 L 777 041 .80 £12.0% |
1800 5.3 1.52 T4z | TE: | THEZ 07 063 £12.0%
1850 53.3 1.52 7.82 T.82 72 | 068 | 062 | e120% |
ELHEN] 533 1.52 .72 .72 P Q.54 .71 120 %
2450 GE7 155 721 T2 7.1 .76 .54 £12.0%
PEOO B2s | 21 6487 sa7 6.7 gan | 08B0 | s120% |
5300 480 i} £46 ; 4 46 446 0.45 1.80 =13.1%
53001 A58 5432 4 .24 .74 045 . 1.890 £13.1%
BECK] 485 565 1,88 138 358 .45 . 1,80 £13.1%
5600 485 77 | age | ams | 366 | 045 | 160 | s13%
ETS0 483 5.04 4.15 4,16 4.15 0.50 1.80 #1131 %
S8 443 6,00 4.0 402 | 402 .50 1.50 +13.1 %

'l"ql-rlwhiﬂl!':tuu"lﬂhmrﬂl Imﬂmmmlwnﬁ\'ﬂﬁllldlw R P I, mlﬂl'mtliﬂlbimul"lm
incenpinty e i RES of the Comel ared tha Ier Fm il F By
lrgy 060 R b i 1O, 2%, 40, 50 mned thl'h'l:rl".'nrnf smsamwnenix e 30 B4 128, 150 ared F30 RHE rad pachwily . S50 5 SHE ToguEnoy
nlickly Gan be exdended o n 710 hHs

"l Wemuencis Deley B OHE he sskiily of s porametss (e 6nd =) can Be redeeasd 52 & 100% i bnuad oom panestian lommuls s applcd o

maanrad A waksee. Al lregeencias sbres 3 G, e ekl of fous persmebe (o sl af oo S T ¥ W REE o
[P Eorm fer gl |
ApEaTlenth nen driamsined during miteslion, SPRAG et tm afbrd s sois parsaian
pharpn bes Thaan £ 1% dorfraquancies beloa ) Ghiz and below ¢ .-‘I-Frl-irmmhr—n:lEﬁwimmﬂhrlmwllmmiln
rpmaier oo dhe boundssy
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Daecamber 16, 2014

Frequency Response of E-Field
(TEM-Call:ifi110 EXX, Wavegulde: R2Z)

rarmalized)
=
ka2
I

Frequency respanse
= —
R =
1

Uncartainty of Freguency Response of E-field: £ 6.3% (k=2}
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XS0 Saan

Dacermbar 18, 2014

Receiving Pattern (4), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
= ' 5 L
- y '|I'.. [T '\ui_ 7] 5 y ._ ©y a4 on B
i
e 11 el i
& . L] B ] = L] L
Tok | ¥ 2 £ | .| k) z
as
¥ E ¢ i -
S oni=g _-'_l,n.-.--u.:ﬁ.= '-"1".&."-"'-'“'5-'5‘- R e s 2
254
i 1 1 L T i I & 8 i E i i
1 I:I' -"!: 'Il '-I'. ¥ J_l
Aol 7]
Tz l.-.""-'-'l-l. ':l:ii'F-Iru Ty

Uneerainty of Axial lsoiropy fssessment: £ 0.8% (k=2)
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EMIM = BN 385E Deoember 16, 2014

Dynamic Range f(SAR}.a4)
(TEM call , foew= 1900 MHz)

z
oy
2
=
o il
109 i 10! i 10 10 10
SAR [mWerd]
]
not compensated oo pensabed
T [] 1
I RS R |
B T
b { | BT B i it
- - - It b= i 1 .:. i .: LEL
L | H
107 104 100 18 o 102 100
SAR [miformd]
_* | (%]
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Conversion Factor Assessment
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3825

Other Probe Paramaters

Sensar Amangamanl Triangular |
Connesior Angle ) - T 2HA |
[ Mechanical Surface Daaction Wode — | T anabled |
Oplical Surface Detaction Mode T | “dmabied
Probe Cuersll Lengih - T aETmm |
Frobe Body Diameter o o 10 mm
TipLangth I - | 2 mm
Tip Diametar | iEmm|
Prabe Tip 4o Saneor X Calibration Paint T imm |
Frabe Tip o Sensar ¥ Calibralion Pain 1 mm
Prabe Tip 0 Sensor 2 Calbraon Point 1 mim
Rcammended Maasurement Distanca Trom Swiscs 1.4 mm
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