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ANNEX B System Verification Results

835MHz

Date/Time: 2/23/2013

Electronics: DAE4 Sn786

Medium: Head 900MHz

Medium parameters used (interpolated): f = 835 MHz; ¢ = 0.915 S/m; g, = 43.174; p = 1000
kg/m’

Ambient Temperature:22.1°C Liquid Temperature: 21.6°C

Communication System: CW_TMC Frequency: 835 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF(6.27, 6.27, 6.27); Calibrated: 4/24/2012

System validation/Area Scan (61x181x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 56.730 V/m; Power Drift =-0.16 dB

Maximum value of SAR (interpolated) = 2.70 W/kg

System validation/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 56.730 V/m; Power Drift =-0.16 dB

Peak SAR (extrapolated) = 3.42 W/kg

SAR(1 g) = 2.38 W/kg; SAR(10 g) = 1.58 W/kg

Maximum value of SAR (measured) = 2.58 W/kg

dB
—0

—1-2.04

-4.09

-b.13

-8.18

-10.22

0dB =2.58 Wkg =4.11 dBW/kg

Fig.B.1 validation 835MHz 250mW



T M n No. 2013EEB00076
- Page 99 of 149

835MHz

Date/Time: 2/24/2013

Electronics: DAE4 Sn786

Medium: Body 900

Medium parameters used (interpolated): f = 835 MHz; ¢ = 0.974 S/m; &, = 53.879; p = 1000
kg/m’

Ambient Temperature:21.9°C Liquid Temperature: 21.5°C

Communication System: CW_TMC Frequency: 835 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF(6.07, 6.07, 6.07); Calibrated: 4/24/2012

System validation /Area Scan (61x181x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 50.386 V/m; Power Drift = -0.08 dB

Maximum value of SAR (interpolated) = 2.69 W/kg

System validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5Smm, dy=5mm,
dz=5mm

Reference Value = 50.386 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.62 W/kg

SAR(1 g) = 2.49 W/kg; SAR(10 g) = 1.64 W/kg

Maximum value of SAR (measured) = 2.70 W/kg

dB

—1-2.04

-4.08

-6.11

-8.15

-10.19

0 dB =2.70 W/kg = 4.31 dBW/kg

Fig.B.2 validation 835MHz 250mW
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1900MHz

Date/Time: 02/23/2013

Electronics: DAE4 Sn786

Medium: Head 1900

Medium parameters used: f= 1900 MHz; 6 = 1.463 S/m; &, = 40.248; p = 1000 kg/m’
Ambient Temperature:22.0°C Liquid Temperature: 21.5°C

Communication System: CW_TMC Frequency: 1900 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF(5.06, 5.06, 5.06); Calibrated: 4/24/2012

System validation /Area Scan (61x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 88.972 V/m; Power Drift = 0.09 dB

Maximum value of SAR (interpolated) = 11.6 W/kg

System validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5Smm, dy=5mm,
dz=5mm

Reference Value = 88.972 V/m; Power Drift = 0.09 dB

Peak SAR (extrapolated) = 19.5 W/kg

SAR(1 g) =10.3 W/kg; SAR(10 g) =5.32 W/kg

Maximum value of SAR (measured) = 11.7 W/kg

dB

—1-3.93

-1.06

-10.60

-14.13

-17.66

0dB = 11.7 W/kg = 10.68 dBW/kg

Fig.B.3 validation 1900MHz 250mW
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1900MHz

Date/Time: 2/24/2013

Electronics: DAE4 Sn786

Medium: Body 1900MHz

Medium parameters used: f= 1900 MHz; 6 = 1.551 S/m; &, = 51.898; p = 1000 kg/m’
Ambient Temperature:21.9°C Liquid Temperature: 21.5°C

Communication System: CW_TMC Frequency: 1900 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF (4.7, 4.7, 4.7); Calibrated: 4/24/2012

System validation /Area Scan (61x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 77.765 V/m; Power Drift =0.17 dB

Maximum value of SAR (interpolated) = 11.8 W/kg

System validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5Smm, dy=5mm,
dz=5mm

Reference Value = 77.765 V/m; Power Drift =0.17 dB

Peak SAR (extrapolated) = 18.0 W/kg

SAR(1 g) =10.2 W/kg; SAR(10 g) =5.32 W/kg

Maximum value of SAR (measured) = 11.6 W/kg

dB

—1-3.41

-6b.82

-10.23

-13.64

-17.05

0dB = 11.6 W/kg = 10.64 dBW/kg

Fig.B.4 validation 1900MHz 250mW
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2450MHz

Date/Time:3/11/2013

Electronics: DAE4 Sn786

Medium: Head 2450

Medium parameters used: f=2450 MHz; c = 1.864 S/m; ¢, = 40.086; p = 1000 kg/m’
Ambient Temperature:21.8°C Liquid Temperature: 21.2°C

Communication System: CW_TMC Frequency: 2450 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF(4.44, 4.44, 4.44), Calibrated: 4/24/2012

System validation /Area Scan (61x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 81.997 V/m; Power Drift =0.18 dB
Maximum value of SAR (interpolated) = 15.2 W/kg

System validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 81.997 V/m; Power Drift = 0.18 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.09 W/kg

Maximum value of SAR (measured) = 15.0 W/kg

dB

—1-4.30

-8.60

-12.91

-17.21

-21.591

0 dB =15.0 W/kg = 11.76 dBW/kg

Fig.B.5 validation 2450MHz 250mW
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2450MHz

Date/Time: 3/11/2013

Electronics: DAE4 Sn786

Medium: Body 2450

Medium parameters used: f=2450 MHz; 6 = 1.936 S/m; &, = 52.236; p = 1000 kg/m’
Ambient Temperature:21.8°C Liquid Temperature: 21.3°C

Communication System: CW_TMC Frequency: 2450 MHz Duty Cycle: 1:1

Probe: ES3DV3 - SN3151 ConvF(4.24, 4.24, 4.24), Calibrated: 4/24/2012

System validation /Area Scan (61x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Reference Value = 83.910 V/m; Power Drift=0.11 dB

Maximum value of SAR (interpolated) = 15.8 W/kg

System validation /Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5Smm, dy=5mm,
dz=5mm

Reference Value = 83.910 V/m; Power Drift=0.11 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 15.3 W/kg

dB

—1-4.16

-8.32

-12.47

-16.63

-20.79

0dB = 15.3 W/kg = 11.85 dBW/kg

Fig.B.6 validation 2450MHz 250mW
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ANNEX C SAR Measurement Setup

C.1 Measurement Set-up

The Dasy4 or DASY5 system for performing compliance tests is illustrated above graphically. This
system consists of the following items:

Picture C.1 SAR Lab Test Measurement Set-up

A standard high precision 6-axis robot (Staubli TX=RX family) with controller, teach pendant
and software. An arm extension for accommodating the data acquisition electronics (DAE).

An isotropic field probe optimized and calibrated for the targeted measurement.

A data acquisition electronics (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.

The Electro-optical converter (EOC) performs the conversion from optical to electrical signals
for the digital communication to the DAE. To use optical surface detection, a special version of
the EOC is required. The EOC signal is transmitted to the measurement server.

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.

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

A computer running WinXP and the DASY4 or DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as
warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.
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C.2 Dasy4 or DASYS5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe designed in the classical
triangular configuration and optimized for dosimetric evaluation. The probe is constructed using the
thick film technique; with printed resistive lines on ceramic substrates. The probe is equipped with
an optical multifiber line ending at the front of the probe tip. It is connected to the EOC box on the
robot arm and provides an automatic detection of the phantom surface. Half of the fibers are
connected to a pulsed infrared transmitter, the other half to a synchronized receiver. As the probe
approaches the surface, the reflection from the surface produces a coupling from the transmitting to
the receiving fibers. This reflection increases first during the approach, reaches maximum and then
decreases. If the probe is flatly touching the surface, the coupling is zero. The distance of the
coupling maximum to the surface is independent of the surface reflectivity and largely independent
of the surface to probe angle. The DASY4 or DASY5 software reads the reflection durning a
software approach and looks for the maximum using 2™ ord curve fitting. The approach is
sbottomped at reaching the maximum.

Probe Specifications:

Model: ES3DV3, EX3DV4
Frequency 10MHz — 6.0GHz(EX3DV4)
Range: 10MHz — 4GHz(ES3DV3)
Calibration: In head and body simulating tissue at
Frequencies from 835 up to 5800MHz
Linearity: + 0.2 dB(30 MHz to 6 GHz) for EX3DV4 Picture C.2 Near-field Probe

%+ 0.2 dB(30 MHz to 4 GHz) for ES3DV3
Dynamic Range: 10 mW/kg — 100W/kg
Probe Length: 330 mm
Probe Tip
Length: 20 mm
Body Diameter: 12 mm
Tip Diameter: 2.5 mm (3.9 mm for ES3DV3)
Tip-Center: 1 mm (2.0mm for ES3DV3)
Application: SAR Dosimetry Testing
Compliance tests of mobile phones
Dosimetry in strong gradient fields

Picture C.3 E-field Probe
C.3 E-field Probe Calibration

Each E-Probe/Probe Amplifier combination has unique calibration parameters. A TEM cell
calibration procedure is conducted to determine the proper amplifier settings to enter in the probe
parameters. The amplifier settings are determined for a given frequency by subjecting the probe to a
known E-field density (1 mW/cm?) using an RF Signal generator, TEM cell, and RF Power Meter.

The free space E-field from amplified probe outputs is determined in a test chamber. This
calibration can be performed in a TEM cell if the frequency is below 1 GHz and inn a waveguide or
other methodologies above 1 GHz for free space. For the free space calibration, the probe is placed
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in the volumetric center of the cavity and at the proper orientation with the field. The probe is then
rotated 360 degrees until the three channels show the maximum reading. The power density
readings equates to 1 mW/ cm?
E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate
simulated brain tissue. The E-field in the medium correlates with the temperature rise in the
dielectric medium. For temperature correlation calibration a RF transparent thermistor-based
temperature probe is used in conjunction with the E-field probe.
SAR=C £

At
Where:
At = Exposure time (30 seconds),
C = Heat capacity of tissue (brain or muscle),
AT = Temperature increase due to RF exposure.

o B0
yo,

Where:
o = Simulated tissue conductivity,
p = Tissue density (kg/m?).

C.4 Other Test Equipment
C.4.1 Data Acquisition Electronics(DAE)

The data acquisition electronics consist of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command
decoder with a control logic unit. Transmission to the measurement server is accomplished through
an optical downlink for data and status information, as well as an optical uplink for commands and
the clock.

The mechanical probe mounting device includes two different sensor systems for frontal and
sideways probe contacts. They are used for mechanical surface detection and probe collision
detection.

The input impedance of the DAE is 200 MOhm; the inputs are symmetrical and floating. Common
mode rejection is above 80 dB.

PictureC.4: DAE
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C.4.2 Robot

The SPEAG DASY system uses the high precision robots (DASY5: TX90XL) type from Staubli SA
(France). For the 6-axis controller system, the robot controller version from Staubli is used. The
Staubli robot series have many features that are important for our application:

» High precision (repeatability 0.02mm)

High reliability (industrial design)

Low maintenance costs (virtually maintenance free due to direct drive gears; no belt drives)
Jerk-free straight movements (brushless synchron motors; no stepper motors)

Low ELF interference (motor control fields shielded via the closed metallic construction shields)

Y V V VY

PictureC.5: DASY5 Robot

C.4.3 Measurement Server

The Measurement server is based on a PC/104 CPU broad with CPU (dasy4: 166 MHz, Intel
Pentium; DASY5: 400 MHz, Intel Celeron), chipdisk (DASY4: 32 MB; DASY5: 128MB), RAM
(DASY4: 64 MB, DASY5: 128MB). The necessary circuits for communication with the DAE
electronic box, as well as the 16 bit AD converter system for optical detection and digital 1/O
interface are contained on the DASY 1/O broad, which is directly connected to the PC/104 bus of the
CPU broad.

The measurement server performs all real-time data evaluation of field measurements and surface
detection, controls robot movements and handles safety operation. The PC operating system
cannot interfere with these time critical processes. All connections are supervised by a watchdog,
and disconnection of any of the cables to the measurement server will automatically disarm the
robot and disable all program-controlled robot movements. Furthermore, the measurement server is
equipped with an expansion port which is reserved for future applications. Please note that this
expansion port does not have a standardized pinout, and therefore only devices provided by
SPEAG can be connected. Devices from any other supplier could seriously damage the
measurement server.
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Picture C.6 Server for DASY 4 Picture C.7 Server for DASY 5

C.4.4 Device Holder for Phantom

The SAR in the phantom is approximately inversely proportional to the square of the distance
between the source and the liquid surface. For a source at 5mm distance, a positioning uncertainty
of £0.5mm would produce a SAR uncertainty of £20%. Accurate device positioning is therefore
crucial for accurate and repeatable measurements. The positions in which the devices must be
measured are defined by the standards.

The DASY device holder is designed to cope with the different positions given in the standard. It has
two scales for device rotation (with respect to the body axis) and device inclination (with respect to
the line between the ear reference points). The rotation centers for both scales is the ear reference
point (ERP). Thus the device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss

POM material having the following dielectric

parameters: relative permittivity £ =3 and loss tangent & =0.02. The amount of dielectric material
has been reduced in the closest vicinity of the device, since measurements have suggested that the
influence of the clamp on the test results could thus be lowered.

<Lapbottom Extension Kit>

The extension is lightweight and made of POM, acrylic glass and foam. It 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 and ELI phantoms.

Picture C.8-1: Device Holder Picture C.8-2: Lapbottom Extension
Kit

C.4.5 Phantom

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in a table. The shape of
the shell is based on data from an anatomical study designed to
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Represent the 90" percentile of the population. The phantom enables the dissymmetric evaluation
of SAR for both left and right handed handset usage, as well as body-worn usage using the flat
phantom region. Reference markings on the Phantom allow the complete setup of all predefined
phantom positions and measurement grids by manually teaching three points in the robot. The shell
phantom has a 2mm shell thickness (except the ear region where shell thickness increases to 6
mm).

Shell Thickness: 2+ 0.2 mm

Filling Volume:  Approx. 25 liters

Dimensions: 810 x 1000 x 500 mm (H x L x W)

Available: Special

Picture C.9: SAM Twin Phantom
The ELI4 phantom is constructed of a fiberglass shell integrated in a wooden table. The shape of
the shell is based on data from an anatomical study designed to determine the maximum exposure
in at least 90% of all users. The ELI4 phantom is intended for compliance testing of handheld and
body-mounted wireless devices in the frequency range of 30MHz to 6GHz. ELI4 is fully compatible
with the latest standard IEC 62209-2 and all known tissue simulating liquids. A cover prevents the
evaporation of the liquid. Reference markings on the Phantom allow the complete setup of all
predefined phantom positions and measurement grids by manually teaching three points in the
robot.
Shell Thickness  2+0. I mm
Filling Volume  Approx. 20 liters
Dimensions 810 x 1000 x 500 mm (H x L x W)

Available Special

Picture C.10: SAM Twin Phantom
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ANNEX D Position of the wireless device in relation to the phantom

D.1 General Considerations

This standard specifies two handset test positions against the head phantom — the “cheek” position

and the “tilt” position.

Vertical Vertical
Conter Titie Center Line
w2 . w2 | wid2
s, Horizontal !
- E Line A !
] /Horizontal /
— T Line A Acoustic
Output
Acoustic Bottomof 7 wmwm
Output Handset | | B
Bottom of - 1
Handset |
I 1
w2 | w2
w, Width of the handset at the level of the acoustic
w, Width of the bottom of the handset
A Midpoint of the width w, of the handset at the level of the acoustic output
B Midpoint of the width w, of the bottom of the handset

Picture D.1-a Typical “fixed” case handset

Picture D.1-b Typical “clam-shell” case handset

RE

Picture D.2 Cheek position of the wireless device on the left side of SAM



No. 2013EEB00076
Page 111 of 149

-

Picture D.3 Tilt position of the wireless device on the left side of SAM

D.2 Body-worn device

A typical example of a body-worn device is a mobile phone, wireless enabled PDA or other battery
operated wireless device with the ability to transmit while mounted on a person’s body using a carry
accessory approved by the wireless device manufacturer.

Picture D.4 Test positions for body-worn devices

D.3 Deskbottom device

A typical example of a deskbottom device is a wireless enabled deskbottom computer placed on a
table or desk when used.

The DUT shall be positioned at the distance and in the orientation to the phantom that corresponds
to the intended use as specified by the manufacturer in the user instructions. For devices that
employ an external antenna with variable positions, tests shall be performed for all antenna
positions specified. Picture 8.5 show positions for deskbottom device SAR tests. If the intended use
is not specified, the device shall be tested directly against the flat phantom.
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Picture D.5 Test positions for deskbottom devices

D.4 DUT Setup Photos

Picture D.6
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T VI

ANNEX E Equivalent Media Recipes

The liquid used for the frequency range of 800-3000 MHz consisted of water, sugar, salt, preventol,
glycol monobutyl and Cellulose. The liquid has been previously proven to be suited for worst-case.
The Table E.1 shows the detail solution. It's satisfying the latest tissue dielectric parameters
requirements proposed by the IEEE 1528 and IEC 62209.

Table E.1: Composition of the Tissue Equivalent Matter

Frequency (MHz) | 835 Head | 835 Body | 1900 Head | 1900 Body | 2450 Head | 2450 Body
Ingredients (% by weight)
Water 41.45 52.5 55.242 69.91 58.79 72.60
Sugar 56.0 45.0 \ \ \ \
Salt 1.45 1.4 0.306 0.13 0.06 0.18
Preventol 0.1 0.1 \ \ \ \
Cellulose 1.0 1.0 \ \ \ \
Glycol Monobutyl \ \ 44.452 29.96 41.15 27.22
Dielectri
lelectric £=41.5 £=55.2 £€=40.0 €=53.3 £€=39.2 £=52.7
Parameters
¢=0.90 0=0.97 0=1.40 0=1.52 ¢=1.80 0=1.95
Target Value
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ANNEX F System Validation

The SAR system must be validated against its performance specifications before it is deployed.
When SAR probes, system components or software are changed, upgraded or recalibrated, these

must be validated with the SAR system(s) that operates with such components.

No. 2013EEB00076
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Table F.1: System Validation

System No. | Probe SN. Liquid name | Validation date | Frequency point | Status (OK or Not)
3151 Head 850MHz May. 21, 2012 850 MHz OK
3151 Head 850MHz May. 21, 2012 900 MHz OK
3151 Head 1800MHz | May. 22, 2012 1800 MHz OK
3151 Head 1900MHz | May. 22, 2012 1900 MHz OK
3151 Head 2000MHz | May. 23, 2012 2000 MHz OK
3151 Head 2100MHz | May. 23, 2012 2100 MHz OK
3151 Head 2450MHz | May. 23, 2012 2450 MHz OK
3151 Head 2550MHz | May. 24, 2012 2550 MHz OK
3151 Head 2600MHz | May. 24, 2012 2600 MHz OK
3151 Body 850MHz May. 24, 2012 850 MHz OK
3151 Body 850MHz May. 24, 2012 900 MHz OK
3151 Body 1800MHz | May. 25, 2012 1800 MHz OK
3151 Body 1900MHz | May. 25, 2012 1900 MHz OK
3151 Body 2000MHz | May. 25, 2012 2000 MHz OK
3151 Body 2100MHz | May. 26, 2012 2100 MHz OK
3151 Body 2450MHz | May. 26, 2012 2450 MHz OK
3151 Body 2550MHz | May. 26, 2012 2550 MHz OK
3151 Body 2600MHz May. 26, 2012 2600 MHz OK
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ANNEX G Probe Calibration Certificate

Calibration Laboratory of 5
Schmid & Partner
En AG
gineering

43, B004 Zurich, Switkarlans

Accreditgd By the Swiss Accredilation Sondcs (SAS)
The Swiss Accreditation Service ks one of the signatorios b5 the EA
Mulzilatoral Ageeamant for the recogeiticn of callbration cortificsies

Client

mmmmnmhmmdn,mmnmﬂumum;.
Thet Pt initS: ded Bhe uncerainBies with confidence probabsiity one givn on th oliowing pages Bnd e part of the certficats,

Al calibmons hare Ban conducted i tho dosed boeniony Tacility: arrvironmend tompenatune (22 + 3)"C and Pueidity < T0%,

Calibration Equipmaent used (MATE critical for calibration)

Primary Standards o Cal Date (Conficain No | Schocuied Cokbration
Peranr rsler E44 100 GR4Z93ETY 26-Mar-12 (Ho. 247-01508) | Apr-13

Pownr sonsor E44124 MY 4140B0AT 20-Mar-12 (o, 2VT-01508) hpr13

Rilarercs 3 B Alishuaior | B3 55054 [3c) 2T-Mar-12 (Mo, 247-01531) Apr-13
Ridorars 30 08 Atienusior | SM: 55006 [208) 27-Mar-12 (Mo, 21T-01829) Ape-13

Radorance 30 4B Atisnusion SH: 55124 (306) 27-Mar12 [No. 24701535 Apr13

Bderence Probe ES30NE SN 3013 F-Due-11 ES3-3013_Dect 1) Dac-12
| DUE4 SH: 850 10-Jan-12 (o, DAES-BE0_Jan12) Jaer-13

Secondary Standams [i%] Ciech Diabs [ heusha) Schadaled Check

RF gonarsis HP BE4BC WSS T00 Ay 383 (in heoussar check Apr-11) In house check: Age-13
Hebwork Anabrer HP B753E | USITH005AS 1B8-Ooei-D1 {in house chack Oa-11) In hous check: Ocl-12

Hame Function Sgriati
Calibrabed Ery: Clgactic | oai:
Apprenid by

tsgund: Aprl 24, 20N2

Thees cibricen Seeficits sfll ol ba reproduced axcapt in full without wien approval of the kaboratory.

Certificate No: ES3-3151_Apri2

Page 1of 11
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Calibration Laboratory of

Sehwelzorisches Kalibriardiensi
Schmid & Pariner Service suisse ditalonnags
Engineering AG Servizio svizzere df tarstiara
Zoughausstraase 43, 004 Furich, Switzesland Swiss Calibration Servics
Accrodiied by tha Swiss Accraditation Servico (SAS) Accraditation Ho.: SCS 108
The Swiss Accreditation Service is one of the signatarkes to the EA
Muititateral Agreement fes tha recognition of calibration cortificates
Glossary:
TSL tissue simulating liguid
NORMx,y.2 sensilivily in free space
ConvF sensilivity in TSL / NORM:x v,z
DCP dicde compression point
CF crest factor {1iduty_cycle) of the RF signal
A B C modulation depandant lingarization parameters
Polartzation q @ rotation around probe axis
Polarizatisn 4 4 ratation around an axis that is in the plane normal (o probe @ds (at measwrement center),

e, B = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

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

b} IEC 62208-1, "Procedure fo measure the Specific Absorplion Rate (SAR) for hand-held devices wsed in close
praximily to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

* NORMxy.2: Assessed for E-field polarization § = 0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MORMz,y,z are only intermediale values, Le,, the uncenainties of NORMzx,y.z does not affect the E *-fisld
uncerainty inside TSL (sea below ComE).

»  NORM[Tx.y.z = NORMx. ),z * frequency_response (see Frequency Response Char). This linaarization is
implemented in DASY4 soltware versions later than 4.2. The uncartainty of the frequency response is inchuded
i the stated wuncartainty of ConvE.

+  DCPxp.z DCP are numerical lineanzation parametars assessed based on the data of power sweep with CW
signal (no uncertainty requingd). DCP dees not depend on frequency nor media,

* PAR: PAR is the Paak to Average Riatio that is not calibrated but determined based on the signal
characteristics

¢ Asyz Bxyr Gry.z VAxyz A B Care numencal lineaszalion paramaters assessed based on the data of
power sweep for specific modulition signal. The parameters do not depend on frequency nor media. VR s the
maxirmum calitration range expressad in RMS voltage across the dicds.

*  ConvF and Boundary Effect Paramefers: Assessed in flat phaniom using E-field {or Temperature Transter
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based en power
measurements for { = 800 MHz. The same selups are used for assessment of the parametars appSed for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These paramelers ang
used in DASY4 software 1o improve probe accuracy close to the boundary. Thi sensitivity in TSL comesponds
o NORMz )2 * Comd® whereby ihe uncerainty comesponds to that given for ConvF. A frequency dependant
ComvF is used in DASY version 4.4 and higher which allows exianding the validily from £ 50 MHz to = 100
MHz,

= Spherical isolropy (3D deviation from isolrapy): in a field of low gradients realized using a flat phantom
expased by 8 patch antenna.

*  Sensor Offsel The sensor offset corresponds 1o the offsat of vidual measurerent canter from tha probe tip
{on probe axis). Mo tolerance required,

Ceriificate No: ES3-3151_Apri2 Page 2 of 11
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ES30V3 - SM:3151 April 24, 2012

Probe ES3DV3

SN:3151

Manufactured:  June 12, 2007
Calibrated: April 24, 2012

Calibrated for DASY/EASY Systems

(Miote: non-compatible with DASY2 systeml)

Cadificate No: E53-3151_aApni2 Page 3 of 11
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ES3DVI= SN 3181 Apnd 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Basic Calibration Parameters
i Sendgar X Sensor ¥ Sensor 2 Une {lon2)
Mo (uiVim))" 1.16 1.28 1.18 +101%
DCP {mW) = 1006 100.6 102.8
Meodulation Calibration Parameters
[T1]4] Communicalion System Name PAR A B [ VR Une"
dB dB dB mi (k=2}
[] [="] 00D X 0.00 000 1.00 1498 1%
ki .00 .00 1.00 1128
2| oo 0.00 1.00 110.3

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 fo a coverage
probability of approximately 85%.

:nnuwmamu 0 ol ffesct the E-fiedd unceriningy inside TSL (500 Pagos 5 and 6).

. p - uncortainty ot egquined
WEWMMMWMMWWWM and s aspressed for e sousy of the
.

Certificate Noc ES3-2151_Apn2 Paga 4 of 11
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TV

ES30V3- SN:3151 Aprll 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.

fiMHz® | Pormittivity” {8m) " ConvF X | ConwFY | ConvFZ | Alpha | {mm) {k=2)
850 41.5 0.92 6.27 .27 g.27 028 | 214 | +120%
800 41.5 0.57 8.17 B.AT 817 021 | 252 | £12.0%
1810 40.0 1.40 5.1 5.11 5.11 058 | 139 | £120%
1900 40.0 1.40 5.08 5.08 5.06 058 | 138 | +120%
2000 400 140 5.01 5.01 5.01 078 | 122 | +120%
2100 39.8 1.49 5.06 5.06 5.06 0.55 1.40 +12.0%
24580 3.2 .80 4.44 4.4 444 074 | 124 | 2120%
2550 30.1 1.91 4.20 4.20 420 080 | 499 | +120%
2600 39.0 1.86 427 4237 427 080 | 148 | si20%

‘medummwmwmﬂA mmmmm nlge it is rosiricied o & 50 iz The uncerainty i the ASS
ﬂﬂmﬂm‘l\#u‘mﬂﬂ- ity oy band.

ummamnmuwm mltwﬂrm b redisond 86 & 10°% B diuict compansation formla bs. appled io
mpasuend SAR values. wa!ﬁﬂlmmﬁrdmmmmﬂuwu t 5%. The uncertainty Is the RSS of
mwmwmm paamaelers

Certificate Na: ES3-3151_Apri2 Page 5 of 11
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ES30V3- SM=3151 Al 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unet
fiMHz)® | Parmittivity” (Sim)" | ConvFX | ConwFY¥ | ComvFZ | Alpha | (mm) k=2}

850 55.2 0.99 B.07 B.07 B.07 0.34 173 | +13.0%
800 55.0 1.05 .14 6.14 6.14 0.62 128 | £120%
1810 533 1.52 4.91 491 491 030 | 275 | s120%
1800 832 1.52 4.70 4.70 4.70 033 | 225 | +120%
2000 53.3 1.52 4.73 473 4.73 032 | 241 [ #i20%
2100 53.2 182 .88 4.88 4.88 035 | 202 | +120%
2450 52.7 195 4.24 4.24 4.24 0.80 | 067 | +120%
2550 52.8 208 4.14 4.14 4,14 080 | 050 | £120%
2600 52,5 2.16 4.05 4.05 408 080 | 058 | s120%

* Frequancy vabaty o + 100 MHz anty applies for DASY vd.4 and higher (sea Page 2, sise it is restcing 10 £ 50 MiHe. The uncerainty is tho RSS
of the Coen unconsingy al calibrtion reguency and the uncertainty for the indicalad rguincy Band,
'HMMBMMMMMWumﬂmMMbs 107% W gusd cosmpansation formuls is applod io
measumd SAR vals. Al frequencios abovs 3 GHZ, the validly of tiksue paramuolors (x and o) ks metricied fo £ 5%, The uncerainty is the RSS of
thay ConwF uncpiainly for indicaled targed issue pammabens.

Cerificale Mo ES3-3151_Apri2 Page 6ol 11
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ESI0V3- SN:3151 April 24, 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)

. e
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ESI0VI- SN:2151 Apeil 24, 3012

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
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Erroe [dBY

Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)

Certificate Mo: ES3-3151_Apri2 Page B of 11
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ES30W3- SN:3151 April 24, 2012

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

1w

2

Input Signad [uv]

i SEpa

yy } NS5 5 00 R A 8 |
L | | | |
1T} I i | | | T :
- i Jed oAb f b dy i
E fi
2 {11

bl 'I[;' 192
SAR

o) ekl B
riok comipensalnd (= T ]

Uncaertainty of Linearity Assessment; £ 0.6% (k=2)

Cartificate Mo: ES3-3151_Apr12 Page 9of 11
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ES30V3- SM:3151 Al 24, 2012

Conversion Factor Assessment

f = 500 MHz WGLS R (H_con) 1= 1500 MHZ WGLS R22 (H_com)
:1.? n:.
o | A
u I
i | 3 ™
:- ol
I:III‘ (-] £ 1*'%-] L] w A‘u u‘q .“-l“.I ‘Jlﬂ_“ -] ] IH E-] a Ll
b e = B,
Deviation from Isotropy in Liquid
Error (4, 3), f =900 MHz
1.0

Daeviaton

Laapbaos 00

coEas

48 08 08 04 0 00 02 04 08 08 1D
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Carificate Mo: ES3-3151_Apn2 Page 10 of 11
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ES30V3- SH:3151 April 24, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3151

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 85.6
Mechanical Surface Detection Mode enabled
| Optical Suriace Deteclion Mode disabiad
Probe Overall Length A3 mm
Prote Body Diameter 10 mim
Tip Lenglh 10 mm
Tip Diametar 4 mm
Probe Thp to Sensor X Calibration Point Zmm |
Probe Tip to Sensor ¥ Calibration Point 2mm
Probe Tip o Sensor 2 Calibration Point 2mm
Recommended Measurament Distance from Surdace amm |

Cartificats Mo: ES3-2151_Ape12 Paga 11¢6d 11
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ANNEX H Dipole Calibration Certificate
835 MHz Dipole Calibration Certificate

Calibration Laboratory of S, s ialll 1
Schmid & Partner ;ﬁﬁ'& o Service suisse diétalonnage
Engineering AG e e Servizio svizzera di taratura
Zeughapsstrasse 43, B004 Zurich, Switzerland aﬁ? ] Swiss Calibration Service
ol
Arcrodied by Hhe Bwiss Accredation Sendce [SAS) Accreditation No: SCS 108

The Swiae Accreditatlon Sarvice is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  TMC-SZ {Auden) Certificate No: DB35V2-4d057_Oct12
CALIBRATION CERTIFICATE

Chbjest DB35V2 - SM: 4d057

| 12 03402
Cafbralion procadure(s) QA CAL-05.v8 s
Calibration procedure for dipole validation kits abave 700 MHz

Calinration date: Octobar 24, 2012

This calibration cartificate documsnts the traceability to national standards, which reglize the physical unis of measurements (S1).
The measursments and the uncertainties wilh confidence probabdity are givan on the fallewing pages and are part of tha cartificats.

All castretions hava been conductad in the closed laboratory faciily: environment temparaine (22 = 51°C end humidity = 70%.

Calibrafion Equiprmen| used [METE crilical for callbration)

Primary Standasds D # Cal Data (Canificaie Moj i Scheduled Calibralion
Power meater EPM-442A8 GBIT480704 05-0ct-11 (Mo, 217-04451) Oct-12
Fowar eznsar HP 84814 US37232783 05-0ct-11 (No. 217-01451) Oct-12
Aefarznca 20 dB Atanusilar SM: 5058 {20k) 27-8ar-12 (Mo 217415300 Apr-13

| Type-N mismalch cambination SN 50472/ 06327 27-Mar-12 (Mo, 21701533} Apr-13

Aelerence Probe ESS0V3 SN: 3205 30-Dee-11 (No. ES3-3205_Dec11) Dec-12

DAES SN: 801 A7-Jun-12 (Mo, DAES-GI_Jn2) Jum-13

Secondary Standards D& Check Dete (in housa) Scheculed Chock
Powsr sensor HP 84814 MY41082317 18-0c1402 (in hause check O0c1-11) In house check: Ocl-13
RF generator RAS SMT-D8 100305 04-Aug-98 (in howse eheck Oo-11) In hause eheck: Ocf-13
HNatwork Analyeer HP BTSSE LIS3TIB0GES 54206 18-0ct-01 (in house check Oot-12) In heuse checks Oot-13

Hamna Funciion Slgna;m:
Calibrated by: Israe El-Nagug . = * Labomlony Technicizn

/mmi.e{

Izsued: Octobar 24, 2012

A

Agproved by Katin Pokovic Tachnical Menagar

This ceibretion certiicate shall not be reproduced exsepl in Dl wifhaut wiitten approval of Qv EboElOnY.

Cerificate Mo: DE35VE-4d057_Octi2 Page 1of8
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Calibration Laboratory of AT,

e

Schweizerischer Kalibrierdienst
Schmid & Partner R

5 ;
c Sorvice suisse d'dtalonnage
5

o

1yl ]
I}gl

Engineering AG Sarvizlo svizzere di taratura
Zeughausstrasse 43, BIOS Zurich, Bwitzerland fﬁﬁe Swiss Callbralian Service
e fig
Accredited by the Swiss Accraditstion Sarvice (SAS) Accreditation Ne.; SCS 108

The Swizs Actredilation Service ig one of the signatories to the E&
Multilateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvE sensitivity in TSL / NORM xy,2
N/A not applicable or not measured

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 Technigues", 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 & Technaology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Hurnan Exposure to Radiofrequency Emissions”®,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Condifions: Further details are available from the Validation Repaort at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

s 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.

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

= Efectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s  SAR messured: 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 pararneters: The measured TSL parameaters ate used to calculate the
nominal SAR result.

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

Cefificate Mo DEISVE-40057_Oct12 Page 2al 8
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Measurement Conditions
DASY aystem configuration, as far as not

ivan on page 1.

No. 2013EEB00076
Page 128 of 149

DASY Version DASYS VE2.8.3

Extrapolation Advanced Extrapolation

Phantom hodular Flat Phantom

Distance Dipole Center - TSL 15 mim with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Freguency 835 MHz + 1 MHz
Head TSL parameters

Thea following parametsrs end calculstions were applied.
Temperatura Permittivity Conductivity

Nominal Head TSL parameters 220°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0+0.2)"C 41.8=6% 0,92 mho/m + 6 %

Head TSL temperature change during test <0.5°C o e
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL Cendition

SAA measurad 250 mW input powar 2.44 Wikg

SAR for nominal Head TSL paramatars

rormealized to 1W

9,62 Wikg £ 17.0 % (k=2)

SAR averagad over 10 em” (10 g) of Head TSL

condition

SAR measured

250 mW input power

1.60 Wikg

SAR for nominal Head TSL parameters

nomalized to 1W

£.32 Wikg = 16.5 % (k=2)

Body TSL parameters
The following paramatars and calculations were applied.
Temperatura Parmittivity Conductivity
Meminal Bedy TSL parameters 22.0°C 55.2 .87 mho/m
Measured Body TSL parameters (22.0+02)"C 538+E8% 0.89 mho/m % & %
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 Candition
SAR massured 250 mW input pawer 2.43 Wikn
SAR for nominal Body TSL paramelers normalized 1o 1W 9,62 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measurad 250 miW input power 1.5 Wik
SAA for nominal Body TEL paramaters nnnnah'z-qg o W 6.26 Wikg = 16.5 % (k=2)
P

Toe

Certilicale Mo: D835V2-44057_ Celi2
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Appendix

Antenna Parameters with Head TSL
impedancs, transformed ta feed point §210-27
Raturn Loss -20.5 dg

Antenna Parameters with Body TSL

Impadanca, transformed to fesd paint 48.1 i1 - 4.4 ji2
Retumn Loss =26.2 dB

General Antenna Parameters and Design

|Eec1rica] Dalay (one ditection) 1.396 ns ]

Aftar long term use with 100W radizted power, only a slight warming of the dipole near the fesdpoint can be measured,

Tha dipole iz made of standard samirigid coaxial cable. The center conductor of the feeding lins is directly connected 1o the
eecand am of the dipole. The antenna is therefore short-clrculted for DG-signals. On some of the dipoles, small and caps
are added to the dipole amms in order fo improve matching when loaded according to the posilion as explzined in the
‘Measurernant Gonditions® paragraph. The SAR data ara nal affected by this changa. The averall dipola length is sl
aceording to the Standard.

Mo excessive force must ba applied to the dipole arms, because they might band or the soldared connections near the
feadpoint may ba damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured an Movember 27, 2006

Certificate Mo: DAISY2-4d057_Oct12 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 24. 10,2012

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4057

Communication System: CW: Frequency: 835 MHz

Medium parameters used: f= 835 Milz; o = 0.92 mho/m; & = 41.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEERTEC/ANSI C63,19-2007)

DASYS2 Confliguration:

L3

Probe: ES3DV3E - SN3203; ConvE(6.07, 6.07, 6.07); Calibrated: 30.12.2011;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.91L; Type: QDOD0P49AA: Serial: 1001

DASYS2 52.8.3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissuc/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=3mm

Reference Value = 55185 Vim: Power Dl = 0,03 dB

Peak SAR (extrapolated) = 3.61 Wikp

SAR(] g) = 2.44 W/ky; SAR(10 g) = 1.6 Wikg

Maximum value of SAR (measured) = 2.82 Wikg

-T.20

=12.00

0 dB =282 Wike = 4.50 dBW/kg

Cerificate Mo: DEIZV2-4d057_0Oct12 Page Sof B
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Impedance Measurement Plot for Head TSL

24 Oecf

LCHI S11 1 U FS N52433 6 —-ZES58Z ¢ 7i.7B4 pE
il

frig
16

Hid

No. 2013EEB00076
Page 131 of 149

2Ri2 12:38:33
S35.808 883 HH=

CHZ 514 LOG = dB/REF —28 &= 1:-29.53
i i

4 — e

3 dE E3S.208 @n3 MHx

Cor

— o L .

HEid

= ] 1
START 635.808 888 HHz

STOR 1 13,799 @08 HHz

Cartificats No: DBISV2-4d057_Octid
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DASYS Validation Report for Body TSL

Test Labortory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 Milz; Type: D§35V2; Serial: DE3SV2 - SN: 4057

Communication System: CW; Frequeney: 835 MHz

Medium parameters used: £ = 835 MHz; o =0.29 mho/m; g = 53.8; p = 1000 I;.,g-;.l’l:u:1I
FPhantom section: Flat Section

Measurement Standard: DASY S (IEEE/NECSANST Ca3.19-2007)

DASYSZ Configuration:

Probe: ES3DV3A - SN3205: ConvF(6.02, 6.02, 6.02); Calibrated: 30.12.2011;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DATE4 Snb01; Calibrated: 27.06.2012

Fhantom: Flal Phantom 4.9L; Type: QDOMP49AA; Serial: 1001

DASYS2 52.8,3(988); SEMCAD X 14.6.7(6848)

No. 2013EEB00076
Page 132 of 149

Drate: 24.10.2012

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 55.185 Vim; Power Drift = 0.03 dB
Prak SAR (extrapolated) = 3.53 Wikg

SAR(] g) = 2.43 Wikg; SAR(10 g) =1.59 Wkg
Maximum value of SAR {measured) = 2.82 Wikg

0 dB = 2.52 Wikg =450 dBW/kg

Cerificate Mo: DAASV2-4d057_Oct12 Papge 7of B
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Impedance Measurement Plot for Body TSL

24 Dot 20427 PI:20:543
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1900 MHz Dipole Calibration Certificate

Calibration Laboratory of ey
Schmid & Partner

Engineering AG
Zrughausstreass 43, 8004 Zurich, Switzertand

':-'-5_
W

ot

)

Befl,)

"f/:T?\-

Accraditad by the Swiss Accraditation Sencs (SAS)
The Swiss Ascreditation Sarvice is one of the slgnateries tn the EA
Multilataral Agreement for the recognition of calibration certificatas

cllent  TMG-SZ (Auden)

No. 2013EEB00076

Page 134 of 149

Schwelzerlscher Kalibrierdienst
Service suisse d'étalonnage
SBarvizio svizzero dl taraiura
Swiss Calibration Servies

Accreditation No: SCS 108

‘Cortiticats No: D1 900V2-5d0088_Octi2

|CALIBHATION CEHTIFICATE

D&:iect D1900V2 - SN: 5doBs.

CaSbration procadure(s) A DA_L—I]E-VS 20

Calibration date: Qetober17, 2008 L T

Callbratizn Equipment usad (MATE antical for calibratien)

Cal‘bratlcm pmceﬂurﬁfﬂcﬂlpu]e \.I'ﬂ|l|:[EI.T.Im‘I krtsahmra ?ﬂﬂ Ml-lz

This calibration certticate documents the traceablity to national slandands, which rzalize the physical unils of messursmantz (SI).
Thi: measuramends and tha uncestainlics with confidanca probability ere given on (e (sfawing pages and are part of the cestificats.

All cafbrations have been conducted in the clossd |ebaretony Tacility: emviranment lemperatire (22 + 3)°C and humidity = 70%.

|
| This ealibratien eetficale shall not be reaproduced escept in Tull without wilten approvel of the taboratory.

Primary Standards D & Cal Data {Cantficats Mo.) Scheduled Calbration
Powar meter EPM-4424 GEIT4B0TI 05-0ct-11 (Mo, 217-01451) Oct12
Powar sensar HP 84614 LIS3TEdETES 05-Cl-11 (Mo 217-01451) Cict-12
RAelaranca 20 dB Attsnuator SH: 5058 (20K) 27-Mer-12 (Mo, 217-01530) Apr-13
Type-H migmaich combination SN SD4T.2J 06327 27-Mar12 (Mo 217-01533) Apr13
Aelerence Probe ES30V SH: 3205 20-Dez-11 (Mo, E53-3205_Deci) Dac-12
DAES SH: B 2F-Jui-12 (Mo, DAES-B0Junl2) Jun-13
Eecandary Standards D # Chack Data (in kause) Schadulad Check
Fower sansor HP B481A WY 41082317 18-0et-02 {in howse check Oet-11) In houss check: Ocl-13
RF genarelor RAS SMT-06 1000 04-Aug-8B (in hause check Oal-11) In house chack: Oct-13
Natwark Analyzer HP 8733E US3TIR0505 54206 18-0ct-0n {im house check Oct=12) In housa chack: Ocl-13

Hame Funcgion EIQI'EIUFE
Calibraled by: Eﬁ_g@q e i i Q

'{nﬂlll é?("?g%ﬂu-tf

Approved by:

ﬁsfﬁﬂ‘{%;.j"

lgzued: Octobuer 17, 2012

Cerlificate Mo: D1900V2-54088_0ct12

Page 1 of B
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Calibration Laboratory of S Schwelzariacher Kalibrisrdienst

Schmid & Pariner Servico sulse d'étalonnage
Engineering AG © v e

Zoughsusstrasse 43, 3004 Zurlch, Switzerland S  Swiss Calibration Servico

Actrodited by he Swizs Accroditation Servics (SAZ) Accreditation Ne.; SCS 108
The Swizs Accreditation Servics is one of the signetories to the EA
Multilataral Agreemant for tho racognition of calibration certificates

Gilossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
MAA not applicable or not measured

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

¢} Federal Communications Gommission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fizlds: 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 Systern Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further detalls are available from the Validation Report at the end
of the certificate. All figures stated in the cartificate are valid at the frequency indicated.

»  Antenna Parameters with TSL: Tha 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 dipale
positioned under the liguid 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.

» Electrical Delay: One-way delay between the SMA connector and the antenna fead poirt.
Mo uncertainty required.

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

* SAR for nominal TSL parameters: The measured TSL parameters are used fo caleulats 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%.

Cenificate No: D1900V2-5d088_0ct 2 Fage 2ol 8
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Measurement Conditions
DASY systemn configuration, as far as not

ivan on paga 1.
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DASY Verglon DASYS WE2.83

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dy, dy, dz =5 mm

Frequency 1200 MHz £ 1 MHz
Head TSL parameters

The fiallewing perameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 2E0tc 40.0 1.40 mho/m

Measured Head TSL parameters (220 +0.2) °C 400 + 6% 1.37 mho'm = 6 %

Head TSL temperature change during test =05°C - —
SAR result with Head TSL

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

SAR measured 250 miW input power 9.86 Wikg

SAR for nominal Head TSL parameters normafized to 1W 40.0 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 519 Wihkg

SAR for nominal Head TSL paramaiers normalized to 1W 20.9 Wikg = 18.5 % (k=3)
Body TSL parameters

Tha following parameters and calculstions wers applied.
Temperature Permittivity Conductivity

Meminal Body TSL parameters 220°C 533 1.52 mha/m

Measured Body TSL parameters (220+0.2)°C 2o=69% 1.54 mho/m = 6 %

Body TSL temperature change during test <0.57C - rema
SAR result with Body TSL

SAR averaged over 1 em® {1 g) of Body TSL Candition

SAR measured 250 mW input power 10.2 Wikg

SAR for nominal Body TSL parameters

normalized fo 1W

40.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL

condition

SAR maasured

250 mW input power

5.40 Wikg

SAR for nominal Body TSL parameaters

nemmallzad 1o 1W

21.4 Wikg = 16.5 % (k=2)

Certificate No: D1200V2-5d088_0ct12
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed o feed point 5200 +585j0 |
Retum Loss -24.53 dB _J

Antenna Parameters with Body TSL

| Impedance, transformed to faed paint ; 8.9 0+ 620 -]
r Return Loss =24.0 dB —r

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.185 ns

After long ferm use wilh 100W radiated power, anly a slight warming of tha dipels near the feedpalnt can be massurad.

The dipale Is made of standard semirigid coaxial cable, Tha center conductor of the feading line is directly connectad to the
second arm of the dipole, Tha antenna is therefora short-cirevited for DC-gignals. On some of the dipales, small end caps
are added 10 the dipole arms in order to improve matching whan loaded according to the position as axplaingd in the
"Measurement Conditione” paragraph, The SAR data are not affected by this change. The overall dipaole langth is still
according to the Standard,

No excessive farce must be appliad 1o the dipole armes, becausn they might band or the soldered connections near the
feadpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured an June 28, 2008

bt
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DASYS Validation Report for Head TSL
Date: 17.10.2012
Test Laboratory: SPEAG, Furich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2; Serial: D1900V2 - SN: 5d088
Communication System: CW; Freguency: 1900 MHz
Medium parameters used: £= 1900 MHz; o= 1.37 mho/m; & = 4(0; p= 1000 kg.'rl'.llj

Phantom section: Flat Scetion
Measurement Standard: DASYS (IEEETECFANSI C63.19-2007)

DASYS2 Configuration:
=  Probe: ES3DV3 - SN3205; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2011;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
s  Phantom: Flat Phantom 5.0 {front); Type: QDOOOP30AA; Seral: 1001
« DASYS2 52.8.3(088); SEMCAD X 14.6.7(6848)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measuremend grid; dx=3mm, dy=3mm, dz=3mm

Reference Value = 94.805 V/m; Power Drift = (.04 dB

Peak SAR (extrapolated) = 17.6 Wik

SAR(1 g) = 9.86 W/kg; SAR(10 ¢) = 5.19 Wikg

Maximum value of SAR (measured) = [2.1 Wikg

-8.a0

12,00

2000

0dB =121 Wke = 10.83 dBW/kg

Carlificate No: D1200V2-5d088_Cct12 Page 5of &
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 17.10.2012

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 5088

Communication Systern: CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 5 = 1.54 mho/m: &= 52.2; p = 1000 ke/m®
Phaniom section: Flat Section

Measurement Standard: DASY S (IEEEIEC/ANST Ca3.19-2007)

DASYS2 Configuralion:

Probe: ES30V3 - SN3205; ConvFi(4.62, 4.62, 4.62); Calibrated: 30,12.2011;
Sensor-Surface: 3mm (Mechanical Surface Dietection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
DASYS2 52.8. 3(988); SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Secan (7x7x7)/Cube 0:
Measurement grid: dx=51nm, dy=5mm, dz=5mm

Reference Value = 94,805 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.9 Wikg

SAR(1 g) = 10.2 Wkg; SAR(10 g) =54 Wikg

Maximum value of SAR (measured) = 12.8 Wikg

-8.0n

-12.00

-1E.00

-20.00

0dB = 12.8 W/kg = 11.07 dBW/kg

Cartificatae Ma: D1 900V2-5d088_0c2 PagaToig
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Impedance Measurement Plot for Body TSL
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2450 MHz Dipole Calibration Certificate

Calibration Laboratory of S, § Schwsizerischer Kallbrisrdienst
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Engineering AG L R Servizio evizzera di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland N S swiss Callbration Service
il lal®

Aceredited by the Swiss Accreditation Serdce (SAS)
The Swiss Accreditation Service is ane af the slgnatorles to the EA
Multilateral Agreement for the recognition of calibration cartificates

accreditation Mo SCS 108

client  TMC-SZ (Auden) cedificate No: D2450V2-873_Oct12
CALIBRATION CERTIFICATE S |
Object D2450V2 - SN: 873 Lol i s ‘
Calibration procsciursi) QA CAL-D5.v8 268
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Callbration date: October 18, 2042

Thie calibration cerifizate documents he traceabiity to national standads, which resliza the physical urils of measuremens (51).
Tha measuresenls and Ihe uncarainies with confidenca probabilily ane given on the follewing pages end are part of the cerilicate.
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Accracied by Ihe Swiss Accradiafion Senvics (SAS) Acereditation Mo.: SCS 108
The Swiss Accreditation Service |s one of the algnatories to the EA
Multilateral Agreement for the recognitien of calibration certiflcates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,z
M/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) |EC 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 Gommission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Porable 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
paint exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retum Loss: These parameters are measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Retumn Loss ensures low
reflected power. No unceriainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s SAR measured: SAR measured at the stated anfenna input power.

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

« 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%.

Centfficate Mo: 02450V2-873_0ctiz Page 2cif B
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Measurement Conditions

DASY system configuration. as far s not given on page 1.

No. 2013EEBO00076
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DASY Version DASYS VER.8.3
Extrapolation Advanced Exirapolation
Phantom Mexdular Flat Pharom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution b, dy, dz = 5 mm
Frequancy 2450 MHz £ 1 MHz
Head TSL parameters
The following paramaters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 38.2 1.80 mho'm
Measured Head TSL parameters (Z2.0+0.2) "C 304+6% 1.85 mhovm = 6 %
Head TSL temperature change during test =0.5°C — i
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.2 Wiy

SAR for nominal Head TSL paramaters

nomalized to 1W

51.9 Wikg + 17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Head T5L candition
SAR maasured 250 mW input power 6.14 Wikg
SAR for nominal Head TSL parametars normalized o 1W 24.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculalions were spplisd.
Temperature Permittivity Conductivity
Nominal Bady TSL parameters 22.0°C 527 1.85 mho/m
Measured Body TSL parameters (22.0x02]°C 51.0+8% 2.02 mho/m £ & 3%
Body TSL temperature change during test =05°C = sess
SAR result with Body TSL
SAR aversged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW inpat powear 13.0 Wikg
SAR for nominal Body TSL parameters nomalized ta 1W 50.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 m\W Input powar 6.01 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 23.7 Wikg = 18.5 % (k=2)

Cortificata Mo: D2450V2-873_Oct12
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Appendix

Antenna Parameters with Head TSL
Impadance, fransformead to feed point E320+15[
Betumn Loss 293 dB

Antenna Parameters with Body TSL

Impedance, transfarmad fo faed point 49.9 0 + 3.5 K1
Fetum Loss -29.1dB

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.161 ns R

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

The dipole iz made of standard semirigid coaxial cable, The center canductar of the feeding line is directly connected to tha
sacand arm of the dipale. The antenna is therefore shart-circuited for DC-signals. On same of the dipoles, small end caps
are addad to the dipole 2rms in order to imprave matching when loaded according to the position as explained in the
*Mazsurament Condibons® paragraph. Tha SAR data are net affected by this change. The overall dipole length is still
accarding to the Standard.

Mo exeessive force must be applied 1o the dipole ams, because thay might bend or the soldsred connections near he
feedpeint may be damaged.

Additional EUT Data

Manufzctured by SPEAG
Manufzctured on August 18, 2010

Centificate Mo: D2450W2-873_Oct12 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 18.10.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 873

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: [= 2450 MHz; o = 1.85 mho/m; ¢, = 38.4; p = 1000 kg/m’
Fhanlom section: Flat Scction

Measurement Standard: DASYS (IEEE/TEC/ANSIE C63.18-2007)

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConvE(4.45, 445, 4.45); Calibrated: 30.12.2011;
»  Sensor-Surface; 3mm (Mechanical Surface Detection)
+ Electronics: DATLE4 Sn601; Calibrated: 27.06.2012
« Phanlom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
» DASYSZ 32 8.3(988); SEMCAD X 14.6.7(6848)

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 = 99414 V/in; Power Drft = 0.07 dB

Peak SAR (extrapolated) =27.3 Wikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.14 Wikg

Maximum valuc of SAR (measured) = 17.0 Wikg

.60
-14.40
-TE.20

=24.90

0dB = 17.0 W/kg = 12,30 dBW/kg

Certificate No: D2450W2-873_0cti 2 Pegs Sof B
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Impedance Measurement Plot for Head T5L
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DASYS Validation Report for Body TSL

Date: 18.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Diipole 2450 MHz; Tyvpe: D2450V2; Serial: D2450V2 - SN: 8§73

Communication System: CW: Frequency: 2430 MHz

Medium parameters uscd: f = 2450 MHz; o = 2.02 mho/m; & = 31; p = 1000 ke/m’
Phantom section: Flal Section

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

DASY 52 Configuration:
+  Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4,26); Calibrated: 30.12.2011;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 27.06.2012
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASYS2 52.8.3(988);, SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3mm, dz=5mm

Reference Value = 94.642 V/in; Powcr Drift = 0.01 dB

Peak SAR (extrapolated) = 26.9 Wikg

BAR(1 ¥) = 13 Wikg; SAR(10 g) = 6.01 Wike

Maximum value of SAR (measured) = 16.9 Wikg

-4.80
-14.40

-19.30

-24.00

0dB =169 Wike = 1228 dBW/ke

Cortificate Mo: D245002-873_0ci12 Page T of B
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Impedance Measurement Plot for Body TSL
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