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PROBE SPECIFICATIONS

Indexsar probe 0204, along with its calibration, is compared with BSEN
62209-1 and IEEE standards recommendations (Refs [1] and [2]) in the
Tables below. A listing of relevant specifications is contained in the tables
below:

Dimensions S/N 0204 BSEN [1] IEEE [2]

Overall length (mm) 350

Tip length (mm) 10
| Body diameter (mm) 12

Tip diameter (mm) 5.2 8 8
Distance from probe tip to dipole 2.7

centers (mm)

Typical Dynamic range S/N 0204 BSEN [1] IEEE[2] |
Minimum (W/kg) 0.01 <0.02 0.01
Maximum (W/kg) >100 >100 100
N.B. only measured to > 100 W/kg
on representative probes

Isotropy (measured at 900MHz) S/N 0204 BSEN [1] IEEE [2]
Axial rotation with probe normal to 0.05 0.5 0.25
source (+/- dB)

NB Isotropy is frequency independent

Construction Each probe contains three orthogonal
dipole sensors arranged on a triangular
prism core, protected against static
charges by built-in shielding, and
covered at the tip by PEEK cylindrical
enclosure material. No adhesives are
used in the immersed section. Outer
case materials are PEEK and heat-
shrink sleeving.

Chemical resistance Tested to be resistant to TWEEN20
and sugar/salt-based simulant liquids
but probes should be removed, cleaned
and dried when not in use.

NOT recommended for use with glycol
or soluble oil-based liquids.
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REFERENCES
References are either specific (identified by date of publication, edition
number, version number, etc.) or non-specific.

For a specific reference, subsequent revisions do not apply.
For a non-specific reference, the latest version applies.

[1] IEC 62209-1.
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models,
instrumentation, and procedures — Part 1: Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)

[2] IEEE 1528
Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques

[3] IEC 62209-2
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models,
Instrumentation, and procedures — Part 2: Procedure to determine the
specific absorption rate (SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6
GHz)

[4] FCC KDB865664

[5) Indexsar Report IXS-0300, October 2007.
Measurement uncertainties for the SARA2 system assessed against the
recommendations of BS EN 62209-1:2006

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.
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Figure 1. Spherical isotropy jikg showing probe, dipoke and box filfed wiith
simulated brain liquid (see Ref [2], Section A.5.2.1)
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Figure 2 The axial isﬁtmpy ofa ryﬂfcal IXP-050 probe oblained by rotating
the probe in a liquid-filled waveguide at 900 MHz. (NB Axial Isotropy is largely
frequency- independent)
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Fgure 3. Geomelry usad for wavequide calibration (after Ref (2] Secton
A322)

Document 75933620 Report 17 Issue 1 Page A.38 of A.79

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Spot SAR as afunction of Dipole Feed Power
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Figure 4 : The typical linearity response of IXP-050 probes to both CW (blue)
and GSM (pink) modulation in close proximity to a source dipole. The top
diagram shows the SAR reading as a function of dipole feed power, with GSM
modulation being approx a factor of 8 (ie 9dB) lower than CW. The lower
diagram shows the departure from linearity of the same two datasets.
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Annex 1
Calibration Certificate of NRP-Z23 power sensor, S/N 100063
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Annex 2
Calitration Certificate of NRP-Z23 power sensor, S/N 100169
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Annex 3
Calibeation cerlificate of Anritsu MS46238 VNA
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Annex 4
Calibration certificate of Anntsu 36581KKF/1 auto-cal kit

[
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]
} Customaer: INDEXSAR LTD Order No: 1045ANR
\ W P
[ ]
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ANNEX B

DIPOLE CALIBRATION REPORTS
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Test Equipment Number (TE): 4413
Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration:  18/03/2014 Report Number: 26602

Calibration Expiry Date: 18/03/2017 Page 1 of 6

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the
requirement of the specification, unless otherwise stated above. The quality control arrangements
adopted in respect of these tests have accorded with the conditions of our UKAS registration. The

uncertainties are for an estimated confidence probability of not less than 95%.

Manufacturer: IndexSar Ltd
Item: Dipoles
Model: 700

Serial No: 0279

Calibration Procedure, as per: CP036/CAL
The results recorded, were taken after a warm up period of 1 Hour(s) in an

ambient temperature of 23.2°C +3°C @ 29.3% RH +10% RH. The mains voltage was 240V +10%.

M-

Calibration Engineer:

N. R. Grigsby
/ .r"? e
Approved Signatory: ‘/’Z/Kﬁ
A.T. Pearce
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Report N2
Page 2 of 6

CALIBRATION LABORATORY REPORT

TUV SUD Product Service

Calibration Classification and Key to Results

(X) Class A: All results measured, lie within the specification limits, even when extended by their measurement
uncertainties. The instrument therefore complies with the specification.

( )Class B: Some/all results measured, lie INSIDE the specification limits, by a margin less than their measurement
uncertainties. It is therefore not possible to state compliance of these results. However, these results indicate that
compliance is more probable than non-compliance. (***)

( ) Class C: Some/all results measured, lie OUTSIDE the specification limits, by a margin less than their measurement
uncertainties. It is therefore not possible to state compliance of these results. However, these results indicate that non-
compliance is more probable than compliance. (**)

( )Class D: Some/all results measured, lie OUTSIDE the specification limits, by a margin greater than their
measurement uncertainties. Those results therefore, do not comply with the specification. (*)

( )Class R: The instrument was repaired prior to calibration. Refer to enclosed repair report for details.

Test Equipment Used On This Calibration

Make & Model Description Calibration Due TEID
Rehde & Schwarz: NRV-Z1 Power Sensor 14/06/2014 TEQODED
Hewlett Packard: ESG4000A Signal Generator 22/05/2014 TEODG1
Narda: 766F-20 Aftenuator (20dB, 20W) 13/06/2014 TEO483
Hewlett Packard: 87530 MNetwork Analyser 23/04/2014 TE1145
Hewlett Packard: 850544 'N' Calibration Kit 24M12/2014 TE1308
IndexSar Ltd: 7401 (VDCO08&30-20) Bi-directional Coupler TEZ414
IndexSar Ltd: VBM2500-3 Vfalidation Amplifier (10MHz - 2.5GHz) TE2415
Rotronic: [-1000 Hygromer 03/04/2014 TEZ7 84
Rehde & Schwarz NRV- Z35 Power Sensor 14/06/2014 TE2878
Rehde & Schwarz: NRVD Dual Channel Power Meter 14/06/2014 TE3259
R.S Components: Meter 615-8206 & Type K T/C Meter & T/C 08/07/2014 TE3612
IndexSar Ltd: SARAC Cartesian 4-axis Robot TE4078
IndexSar Ltd: White Benchtop Part of SARAC System TE4080
IndexSar Ltd: Wooden Bench Fart of SARAC System TE4081
IndexSar Ltd: IPX-050 Immersible SAR Probe 07/03/2015 TE4313
IndexSar Ltd: IXB-2HF 700- 6000MHz  Flat Phantom TE4400
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CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed to have low return loss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Network Analyser (VNA) was used to perform a return loss measurement on the specific dipole when
in the measurement-location against the box phantom. The distance was as specified in the standard i.e. 15mm from the
liquid {for 7TO0MHz).

The impedance was measured at the SMA-connector with the network analyser.
The following parameters were measured against Head fluid:

; ? RefZ} =52.35 0
Dipole impedance at 700MHz Im{Z} = -3.65 0

Return loss at 7T00MHz -27.29 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

The measurements repeated against Body fluid:
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; s RefZi=512150
Dipole impedance at 70OMHz A ERESES
Return loss at F00MHz -22.58 dB

Standards [1]2][3][4] call for dipoles to have a return loss better than 20dB

SAR Validation Measurement in Brain Fluid

SAR walidation checks have been performed using the 700MHz dipole and the box-phantomn located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at a feed power level of approx. 0.254.
The actual power level was recorded and used to normalise the resuls obtained to the standard input power conditions
of W (forward power). The ambient ternperature was 23 2°C and the relative humidity was 29.3% during the
measurements.

The phantom was filled with 700MHz brain liquid using a recipe from [1], which has the following electrical parameters
(measured using an Indexsar DiLine kit) at 7OO0MHz at the measurement terperature:

Relative Permittivity 426
Conductivity 0896 S/m
Fluid Temperature 226 °C

The SARAC software version vB.03.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 30 measurement made using the dipole at the bottorn of the phantom box is shown below:

4!

= 4

f 2

Z

1

10 g
{mu) Y o 27O
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The validation results normalised to an input power of VW (forward power) were:

Measured SAR Measured SAR values Target SAR values

values 0wk Ak k) derived from

[290mdV input (Mormalised to 1% feed gystem validation

power) powver) and % Yariance fram (Mormalised to 1y
target Value. feed power)
heasured | % “ariance
19 SAR 1.94 772 064 7E7
10g SAR 1.30 516 0397 5.11
Allvalidation rmeasurements are with £ 10% of Target values as required in standards [1][2][3][4]

SAR Measurement in Body Fluid

SAR walidation checks have been performed using the 700MHz dipole and the box-phantorn located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at afeed power level of approx. 0.254.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of W (forward poseer). The ambient temperature was 23.3°C and the relative humidity was 30.9% during the

measurements.

The phantom was filled with 7O0MHz body liquid using a recipe from [1][4], which has the following electrical parameters
(measured using an Indexsar DiLine kit) at 7OOMHz at the measurement ternperature:

Relative Permittivity 554
Conductivity 0988 S/m
Fluid Temperature d27:°0

The SARAC software version vB6.08.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 30 measurement made using the dipole at the bottorn of the phantom box is shown below:

Z wertical {mm
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CALIBRATION LABORATORY REPORT

The validation results normalised to an input power of 1W (forward power) were:

Measured SAR Measured SAR values Target SAR values
values (Wikg) (W/ikg) (W/kg) derived from
(250mMW input (Normalised to TW feed systemn validation
power) power) and % Variance from (Normalised to 1TW
target Value. feed power)
Measured | % Variance
1g SAR 2.061 8.20 6.97** 7.67F
10g SAR 1.40 5.57 8.91** 5.11*

* In the specifications, SAR validation target values are only define for standardised measurements in brain fluid. Using
the target values (W/kg) derived from system validation with brain fluid the validation measurements are within + 10% of
Target values.

*"Wariance against target values (W/kg) derived from system validation with brain fluid.

References

[1] IEEE Std 1528-2013. |EEE recommended practice for determining the peak spatial-average specific absorption rate
(SAR) in the human body due to wireless communications devices: Measurement Techniques — Description.

[2]BS EN 62209-1:2006 Human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Human medels, instrumentation, and procedures — Part 1: Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close proximity to the ear (frequency range of 300 MHz to 3
GHz).

[3]BS EN 62209-2:2010 Human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Human medels, instrumentation, and procedures — Part 2: Procedure to determine the

specific absorption rate (SAR) for hand-held devices used in close proximity to the human bady (frequency range of 300
MHz to 6 GHz) (IEC 62209-2:2010)

[4] FCC KDB 865664 D01 SAR Measurement 100MHz to 6GHz V01r03
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Calibration Laboratory of S, Sehwelsariechior Kelibriernd
s AN

Schmid & Partner % (S: Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ‘v,,,_@‘\,.\-‘ S Swiss Calibration Service

Accrediiod by the Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag t for the recognition of calibration certificates

ciient  TUV SUD UK Certificate No: DB35V2-447_Nov15

CALIBRATION CERTIFICATE

Object DB835V2 - SN: 447

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

Calibration date: November 12, 2015

This calibration certificale documents the traceabiity 1o national standards, which realize the physical units of measurements (S1).
The ts and the uncertaintios with confidence probability are given on the following pages and are par of the certificate.

All calibrations have been conducted in the closed laboratory lacility. emvironment temperature (22 = 3)°C and humidity < 70%.

Calbration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Dato (Cortificate No.) Scheduled Calibration

Powor moter EPM-442A GBaT480704 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A USaT292783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

Reference 20 dB Attenuator SN: 5058 (20%) 01-Ape-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2/06327  01-Apr-15 (No. 217-02134) Mar-16

Relerence Probe EX30V4 SN: 7349 30-Doc-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

S dary Standard: 0¥ Check Date (in house) Scheduled Chock

RF generalor R&S SMT-06 100972 15-Jun-15 (in house check Jun-15) In house checic Jun-18

Network Analyzes HP B753E US37390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name

Function Signature
Caiibeated by: Joton Kastrati wrmt:t__ W
=
Approved by: Katja Pokovic Technical Manager /C/Z%}A.

Issued: November 12, 2015

This calibration cortificate shall not be reproduced except in full without written approval of the laboratory.
Certificate No: DB35V2-447_Nov15 Page 108
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Calibration Laboratory of

r S Schweizerischer Kalibrierdienst

Schmid & Partner C  Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the gnition 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

Certificate No: D835V2-447_Nov15 Page20l8
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Measurement Conditions

DASY system configuration, as far as not onpage 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220202)°C 426+6% 0.92 mho/m =6 %
Head TSL temperature change during test <05°C vee s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.34 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 9.26 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.52 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.02 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were a
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 556+6% 0.99 mho/m+6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 ¢cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,40 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.21 W/kg = 16.5 % (k=2)
Certificate No: DB35V2-447_Nov15 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4990-7.0iQ
Return Loss -231dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600-87Q
Retumn Loss -20.0d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.386 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve malching 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 October 24, 2001
Cortificato No: DB35V2-447_Nov15 Pagedol8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.92 S/m; &, = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.13 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3.47 W/kg

SAR(1 g) = 2.34 W/kg; SAR(10 g) = 1.52 W/kg
Maximum value of SAR (measured) = 3.10 W/kg

0 dB = 3.10 W/kg = 4.91 dBW/kg

Certificate No: D835V2-447_Nov15 Page 5ol 8
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Impedance Measurement Plot for Head TSL

12 Nov 2015 15:38:59
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 0 = 0.99 S/m; g = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

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 = 59.65 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg
Maximum value of SAR (measured) = 3.17 W/kg

B

dB

-2.00
-4.00
-6.00
-8.00
-10.00

0dB =3.17 W/kg = 5.01 dBW/kg
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Impedance Measurement Plot for Body TSL

12 Nov 2045 10:10:04
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Calibration Laboratory of S, Sehwelsariechior Kelibriernd
s AN

Schmid & Partner % (S: Service suisse d'étalonnage
Engineering AG T Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ‘v,,,_@‘\,.\-‘ S Swiss Calibration Service

Accrediiod by the Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag t for the recognition of calibration certificates

ciient  TUV SUD UK Certificate No: DB35V2-447_Nov15

CALIBRATION CERTIFICATE

Object DB835V2 - SN: 447

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

Calibration date: November 12, 2015

This calibration certificale documents the traceabiity 1o national standards, which realize the physical units of measurements (S1).
The ts and the uncertaintios with confidence probability are given on the following pages and are par of the certificate.

All calibrations have been conducted in the closed laboratory lacility. emvironment temperature (22 = 3)°C and humidity < 70%.

Calbration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Dato (Cortificate No.) Scheduled Calibration

Powor moter EPM-442A GBaT480704 07-Oct-15 (No. 217-02222) Oct-16

Power sensor HP B481A USaT292783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

Reference 20 dB Attenuator SN: 5058 (20%) 01-Ape-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2/06327  01-Apr-15 (No. 217-02134) Mar-16

Relerence Probe EX30V4 SN: 7349 30-Doc-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

S dary Standard: 0¥ Check Date (in house) Scheduled Chock

RF generalor R&S SMT-06 100972 15-Jun-15 (in house check Jun-15) In house checic Jun-18

Network Analyzes HP B753E US37390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name

Function Signature
Caiibeated by: Joton Kastrati wrmt:t__ W
=
Approved by: Katja Pokovic Technical Manager /C/Z%}A.

Issued: November 12, 2015

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

r S Schweizerischer Kalibrierdienst

Schmid & Partner C  Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr for the gnition 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

Certificate No: D835V2-447_Nov15 Page20l8
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Measurement Conditions

DASY system configuration, as far as not onpage 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220202)°C 426+6% 0.92 mho/m =6 %
Head TSL temperature change during test <05°C vee s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.34 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 9.26 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.52 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.02 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were a
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 556+6% 0.99 mho/m+6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 ¢cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,40 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.21 W/kg = 16.5 % (k=2)
Certificate No: DB35V2-447_Nov15 Page 30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4990-7.0iQ
Return Loss -231dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600-87Q
Retumn Loss -20.0d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.386 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve malching 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 October 24, 2001
Cortificato No: DB35V2-447_Nov15 Pagedol8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.92 S/m; &, = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.13 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 3.47 W/kg

SAR(1 g) = 2.34 W/kg; SAR(10 g) = 1.52 W/kg
Maximum value of SAR (measured) = 3.10 W/kg

0 dB = 3.10 W/kg = 4.91 dBW/kg
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Impedance Measurement Plot for Head TSL

12 Nov 2015 15:38:59
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 447

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 0 = 0.99 S/m; g = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 12.11.2015

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 = 59.65 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg
Maximum value of SAR (measured) = 3.17 W/kg

B

dB

-2.00
-4.00
-6.00
-8.00
-10.00

0dB =3.17 W/kg = 5.01 dBW/kg
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Impedance Measurement Plot for Body TSL

12 Nov 2045 10:10:04
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Calibration Laboratory of

S Schweizerischer Kalibrierdienst

: SN

Schmid & Partner N S Service suisse d'étalonnage
Engineering AG % C  Servizio avizzero a1 tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland SN Swiss Calibration Service

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

Accreditation No.: SCS 0108

cient TGV SUD UK Certificate No: D1900V2-546_Nov15
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 546
Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibeation date November 17, 2015
This calibration certificate o s the t bilty to d star . which realize the physical units of (S1).
The s and the ur with confidance probability are given on the foliowing pages and are part of the cerificate.

All calibrations have been conducted in the closed lab

y taciity: P (22 2 3)"C and humidity < 70%,

Calbration Equipment used (MATE critical for calibration)

mmmmmucmcmhummwdmmm,

Primary Standards De Cal Dato (Cenificate No.) S sod Calibration

Power meter EPM-442A GB37480704 07-Oct-15 (No. 217-02222) Oct16

Power sensor HP B461A Usar292783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A MY41092317 07-Oct-15 (No. 217-02223) oct16

Reterence 20 d8 Attenuator SN: 5058 (20K) 01:Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination | SN: 5047.2/06327  01-Apr-15 (No. 217-02134) Mar-16

Roforence Probe EX30V4 S: 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17:-Aug-15 (No. DAE4-601_Aug15) Aug-16

Secondary Standards I0# Check Date (in b Scheduled Chock

RF gonarator RES SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP 8753E USI7390585 S4206  18-Oct-01 (in house check Oct-15) In house check: Oct-16
Name Function Signature

Caiibrated by: Joton Kastrati mrﬁm;—:t___ Lg__,’r

Approved by. Katia Pokovic

Issued: November 17, 2015
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Calibration Laboratory of S, Sc
SN/, hweizerischer Kalibrierdienst
Schmid & Partner a— S Service sulsse d'étalonnage
Engineering AG 336 C  sarvizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland AT S swiss Calibration Service
Accroditod by the Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108

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) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not on page 1.

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters (220:02)°C 394+6% 1.39 mho/m = 6 %

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

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

SAR measured 250 mW input power 9.93 Wikg

SAR for nominal Head TSL parameters normalized to 1W 39.8 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 250 mW input power 5.19 Wikg

SAR for nominal Head TSL parameters normalized to 1W 20.8 W/kg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220202)°C 52226% 1.52 mho/m £6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 40.2 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.31 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.2 W/kg = 16.5 % (k=2)
Certificate No: D1900V2-546_Nov15 Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5070Q+32jQ
Return Loss -29.9dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4640+44j0
Retum Loss -24.6d8
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.204 ns |

Allerlongtnrrnuawithloowtadialodpowet.on!yasli@twnmﬁgoﬂhedlpolemr&mludpommbamemmd.
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Mamoln-adipolammmbemmmﬂodtmD‘}ms.Onmdﬂwm.mﬂmmps
areaddcdto!:wdipobmmm:mmmlmmmmmmwmwmueminﬂhm
'MemmmmCoocﬁions‘pamgraph.TmSAﬂdaumenolaHedodbythisdnnpe.Thaovemlldipolehnw\issﬂl

according to the Standard.

Noe:oesmtmmustbeappliedlomemm.beeause&uynig!ubendoru\esoldoredoonmcﬁmsnea:trw

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

November 15, 2001
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Product Service

DASYS5 Validation Report for Head TSL
Date: 10.11.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 546
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f = 1900 MHz; o = 1.39 S/m; ¢ = 39.4; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.14, 8.14, 8.14); Calibrated: 30.12.2014:

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 17.08.2015

+ Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 108.9 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) = 9.93 W/kg; SAR(10 g) = 5.19 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

-3.80
o -7.60
-11.40

-15.20

-19.00

0dB=15.6 W/kg = 11.93 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 546

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f= 1900 MHz; 6 = 1.52 S/m; &, = 52.2: p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.9, 7.9, 7.9); Calibrated: 30.12.2014:
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA: Serial: 1002
DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 17.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mcasurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 104.5 V/m; Power Drift = 0.00 dB
Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) = 10.1 W/kg; SAR(10 g) = 5.31 W/kg
Maximum value of SAR (measured) = 15.4 W/kg

0dB =154 W/kg = 11.88 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner % S Service suisse d'étalonnage
Engineering AG 7 C Suvisio svizmers o larskiie
Zeughausstrasse 43, 8004 Zurich, Switzerland Y ,'{;;‘-2:\.\..\? S  swiss Calibration Service
Accredited by the Swiss Accreditation Sonvice (SAS) Accreditation No.: SCS 0108

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

cient TGV SUD UK Certificate No: D2450V2-715_Nov15
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 715

Calbration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Caliteation date: November 10, 2015

This calibration certificate documents the traceability 10 national standards, which realze the physical units of measurements (S1).
The ts and the unc with confid probabiity are given on the following pages and are pant of the centificate.

All calibeations have been conducted in the closed laboralory facilty: environment temperature (22 = 3)'C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D# Cal Date (Corths No.) Scheduled C n

Power meter EPM-442A GB37480704 07-Oct+15 (No. 217-02222) Oct-16

Power sensoe HP BAB1A US37202783 07-Oct15 (No. 217-02222) Oct-16

Powoer sensor HP B481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

Referonco 20 dB Attonuator SN: 5058 (20x) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 5047.2 / 06327 01-Apr-15 (No. 217-02134) Mar-16

Releronce Probe EX30V4 SN; 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

Secondary Standards ID# Check Dale (in house) Scheduied Chock

RF gonerator RS SMT-06 100972 15~Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP 8753E US3T390585 54206 18-0ct-01 (in house check Oct-15) In house check: Oct-16
Nameo Function Signature

Calibrated by: Michael Weber Laboratory Technician ”usl

Approved by. Katja Pokovic Technical Manager W_ﬂ

Issued: November 11, 2015

This caibration cortificato shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of

"
z
-

ER Schwelzeri Kalibrierdienst

Schmid & Partner SN 8 e wlm«dm

Engineering AG T C Servizio svizzero ol taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland N S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag t 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 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

Certificate No: D2450V2-715_Nov15 Page20f 8

Document 75933620 Report 17 Issue 1 Page B.33 of B.47

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL paramelters (22020.2)°C 3821+6% 1.87 mho/m £ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.7 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+0.2)°C 527+6% 2.02 mho/m+6 %
Body TSL temperature change during test <05°C - —_
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 53.5 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.38 Wikg
SAR for nominal Body TSL parameters normalized to 1W 25.3 Wikg = 16.5 % (k=2)
Centificate No: D2450V2-715_Nov15 Page3ol 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 53.70Q+270
Return Loss -27.1dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 50.1Q+55(Q
Return Loss -25.2d8
General Antenna Parameters and Design
| Esectrical Delay (one direction) [ 1.156 ns

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

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

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 05, 2002

Certificate No: D2450V2-715_Nov15
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Product Service

DASYS5 Validation Report for Head TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz ; Type: D2450V2; Serial: D2450V2 - SN: 715

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

Medium parameters used: f = 2450 MHz; o = 1.87 S/m; & = 38.2; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.67, 7.67, 7.67); Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
»« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 116.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 13.7 W/kg; SAR(10 g) = 6.34 W/kg

Maximum value of SAR (measured) = 23.3 Wikg

0dB =23.3 W/kg = 13.67 dBW/kg

Certificate No: D2450V2-715_Nov15 PageSol8

Document 75933620 Report 17 Issue 1 Page B.36 of B.47

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Impedance Measurement Plot for Head TSL

10 Nov 2015 11:359:45
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Product Service

DASYS5 Validation Report for Body TSL

Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 715

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

Medium parameters used: = 2450 MHz; ¢ = 2.02 S/m; & = 52.7; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.53, 7.53, 7.53): Calibrated: 30.12.2014;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
e Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002
» DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 109.5 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.2 Wikg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.38 W/kg

Maximum value of SAR (measured) = 22.2 W/kg

0dB =22.2 W/kg = 13.46 dBW/kg
Centificate No: D2450V2-715_Nov15 Page 7ol 8
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Impedance Measurement Plot for Body TSL

10 Nov 2015 11:59:17
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Senvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

g Service sulsse d'étalonnage
S

Accreditation No.: SCS 0108

Multilateral Ag for the recagnition of calib certificates
cient TGV SUD UK Certificate No: D2600V2-1034_Nov15
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1034
Calibeation procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibeation date: November 10, 2015
This calibeation L o the biity 10 national standards, which reakze the physical units of

The measurements and the uncertaintios with confidence probability are given on the lolowing pages and aro part of the certificate.

ts (SI).

Al calibrations have been conducted in the closed lab y faciity. envi | P (22 = 3)"C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

| Primary Standards ID# Cal Date (Certificate No.) Scheduled Casbration

Power meter EPM-442A GB37480704 07-Oct-15 (No, 217-02222) Oct-16

Power sensor HP B4B1A USa729278d 07-Oct-15 (No., 217-02222) Oct-16

Power sonsor HP B481A MY41092317 07-Oct-15 (No. 217-02223) Oct-16

Reloronce 20 dB Attenuator SN: 5058 (20k) 01-Ape-15 (No, 217-02131) Mar-16

Typo-N mismatch combination SN: 5047.2/06327  01-Ape-15 (No. 217-02134) Mar-16

Relerence Probe EX30DV4 SN: 7349 30-Dec-14 (No. EX3-7349_Dec14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-601_Aug15) Aug-16

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

RF goneralor RAS SMT-06 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Analyzer HP 8753E US37390585 54208 18-0ct-01 (in houso check Oct-15) In house checi: Oct-16
Name Function Signaturo

Calbrated by: Michael Wober Laboratory Technician ”l !

Approved by Katia Pokovic Technical Manager

This caliteation cenificate shall not be reproduced except in full without written approval of the laboratory.

AT

Issued: November 11, 2015

Certificate No: D2600V2-1034_Nov15
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ca"bmtion Labol'aiOI'y 0' .‘\-‘\“‘:5{'7",,_ Schweizerischer Kalibrierdienst

Schmid & Partner SN S Service sulsse d'étalonnage
Engineering AG 2 - G Gorviat wizsoro o farsians

Zeughausstrasse 43, 8004 Zurich, Switzerland ‘-q,fr"‘;\:;,.\? S swiss Calibration Service

Accroditod by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr t for the gnition 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) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5mm

Frequency 2600 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.0 1.96 mho/m

Measured Head TSL parameters (22020.2)°C 37.726% 2.04 mho/m £ 6 %

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

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

SAR measured 250 mW input power 14.9 Wikg

SAR for nominal Head TSL parameters normalized o 1W 58.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 250 mW input power 6.56 Wikg

SAR for nominal Head TSL parameters normalized to 1W 25.9 W/kg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Bedy TSL parameters 220°C 525 2.16 mho/m

Measured Body TSL parameters (220+0.2)°C 522+6% 221 mho/m+6 %

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

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

SAR measured 250 mW input power 14.4 Wikg

SAR for nominal Body TSL parameters normalized to 1W 56.9 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 6.39 Wikg

SAR for nominal Body TSL parameters normalized to 1W 25.4 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4950-48iQ
Return Loss -26.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4500-34Q
Return Loss -2400d8

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.150 ns

Alfter 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 therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added lo the dipole arms in order to improve matching when loaded according 1o 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: D2600V2-1034_Nov15 Page 4ol 8
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DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034

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

Medium parameters used: f = 2600 MHz; 6 = 2.04 S/m: & = 37.7; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

-

-

Probe: EX3DV4 - SN7349; ConvF(7.4, 7.4, 7.4); Calibrated: 30.12.2014;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 17.08.2015

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Product Service

Date: 10.11.2015

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 = 116.9 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 32.1 W/kg

SAR(I g) = 14.9 W/kg; SAR(10 g) = 6.56 W/kg
Maximum value of SAR (measured) = 25.2 W/kg

-5.20

0dB =252 W/kg = 14.01 dBW/kg
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Impedance Measurement Plot for Head TSL

10 Nov 2015 12:11:33
EED S114 1 U Fs 1:49.512 0 =-483790 12.693pF 2 602,000 000 MMz

L
Del

Ca

Prv.
1%’

Hlg

CH2 S4 108

\/
Vv

START 2 400,000 @00 Mz STOP 2 BOO.000 000 MMz

Certificato No: D2600V2-1034_Nov1§ Page 60! 8

Document 75933620 Report 17 Issue 1 Page B.45 of B.47

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

DASYS Validation Report for Body TSL
Date: 10.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1034
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; ¢ = 2.21 S/m; & = 52.2; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.52, 7.52, 7.52); Calibrated: 30.12.2014;
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 5.0 (back): Type: QDOOOP50AA; Serial: 1002
« DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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 = 109.8 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.9 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.39 W/kg

Maximum value of SAR (measured) = 24.1 W/kg

-5.20
-10.40
-15.60

-20.80

-26.00

0dB =24.1 W/kg = 13.82 dBW/kg
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Impedance Measurement Plot for Body TSL
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