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kit, which uses the TEM method as recommended in [2]. & and & are both
temperature- and fluid-dependent, so are best measured using a sample of
the tissue-simulant fluid immediately prior to the actual calibration.

Wherever possible, all DiLine and calibration measurements should be made
in the open laboratory at 22 + 2.0°C; if this is not possible, the values of g and
& should reflect the actual temperature. Values employed for calibration are
listed in the tables below.

By ensuring the liquid height in the waveguide is at least three penetration
depths, reflections at the upper surface of the liquid are negligible. The power
absorbed in the liquid is therefore determined solely from the waveguide
forward and reflected power.

Different waveguides are used for 700MHz, 835/900MHz, 1450MHz,
1800/1900MHz, 2100/2450/2600MHz and 5200/5800MHz measurements.
Table A.1 of [1] can be used for designing calibration waveguides with a
return loss greater than 20 dB at the most important frequencies used for
personal wireless communications, and better than 15dB for frequencies
greater than 5GHz. Values for the penetration depth for these specific fixtures
and tissue-simulating mixtures are also listed in Table A.1.

According to [1], this calibration technique provides excellent accuracy, with
standard uncertainty of less than 3.6% depending on the frequency and
medium. The calibration itself is reduced to power measurements traceable
to a standard calibration procedure. The practical limitation to the frequency
band of 800 to 5800 MHz because of the waveguide size is not severe in the
context of compliance testing.

Prior to the actual calibration run, the probe must be lowered 0.01mm ata
time until it is just touching the cross-sectional centre of the dielectric window,
at which point live SAR readings will stop increasing. During calibration, 200
samples are taken and written to an Excel template file before moving the
probe vertically upwards by one step. This cycle is repeated 150 times. The
vertical separation between readings is determined from practical
considerations of the expected SAR decay rate, and range from 0.2mm steps
at low frequency, through 0.1mm at 2450MHz, down to 0.05mm at SGHz.

Once the data collection is complete, a Solver routine is run which optimises
the measured-theoretical fit by varying the conversion factor, and the
boundary correction size and range.

For calibrations at 450MHz, where waveguide calibrations become unfeasible,
a full 3D SAR scan over a tuned dipole is performed, and the conversion

factor adjusted to make the measured 1g and 10g volume-averaged SAR
values agree with published targets.
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CALIBRATION FACTORS MEASURED FOR PROBE S/N G0014

The probe was calibrated at 5.2, 5.5 and 5.8GHz in liquid samples
representing brain and body liquid at these frequencies.

The calibration was for CW signals only, and the axis of the probe was parallel
to the direction of propagation of the incident field i.e. end-on to the incident
radiation. The axial isotropy of the probe was measured by rotating the probe
about its axis in 10 degree steps through 360 degrees in this orientation.

The reference point for the calibration is in the centre of the probe's cross-
section at a distance of 1.39 mm from the probe tip in the direction of the
probe amplifier. A value of 1.39 mm should be used for the tip to sensor
offset distance in the software. The distance of 1.39mm for assembled probes
has been confirmed by taking X-ray images of the probe tips (see Figure 4).

It is important that the diode compression point and air factors used in the
software are the same as those quoted in the results tables, as these are
used to convert the diode output voltages to a SAR value.

CALIBRATION EQUIPMENT

The table on page 20 indicates the calibration status of all test equipment
used during probe calibration.

Product Service

MEASUREMENT UNCERTAINTIES

A complete measurement uncertainty analysis for the SARA-C measurement system has been published in Reference [6]. Table 17 from

that document is re-created below, and lists the uncertainty factors associated just with the calibration of probes.

Source of uncertainty Uvr;t;s::a;r;;y ;:::::z:g Divisor (] uncsetrat%at;'ﬁui b4 "‘L:r
Forward power 3.92 N 1.00 1 3.82 -
Reflected power 4.08 N 1.00 1 4.09 -
Ligquid conductivity 1.308 N 1.00 1 1.3 -
Liquid permittivity 1.271 N 1.00 1 1.27 -
Field homogeneity 30 R 173 1 173 -
Probe positioning 0.22 R 1.73 1 013 -
Field probe linearity 0.2 R 1.73 1 012 -
Combined standard uncertainty RSS 6.20

At the 95% confidence level, therefore, the expanded uncertainty is £12.4%
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SUMMARY OF CAL FACTORS FOR PROBE IXP-025 S/N G0014
Relative Channel Sensitivities
(to optimise Axial Isotropy)
X Y £
Air Factors* 343.22 245.00 371.78 (VIm)4mV
DCPs 100 100 100 mV
+/-
Measured Isotropy (de)
Axial Isotropy 0.07
Physical Information
Sensor offset (mm) 1.39
Elbow - Tip dimension (mm) 0.0
SAR Conversion Factors/ Boundary Corrections
Head Fluid Body Fluid
"t | Hagor" | Cormeton | Comeeton | | SHAEOM | orcon | Gomcton | Nots
5200 0.56 0.65 0.8 0.59 0.67 08 1.2
5500 054 0.63 0.8 0.63 0.72 0.8 12
5800 055 1.24 0.6 0.67 0.82 0.7 12
Notes
1) Callbrations done at 22°C +/-2°C_
2) Waveguide calibration
3) By interpolation .
The valid frequency of SARA-C probe calibrations are +100MHz (F<300MHz) and £200MHz (F>300MHz)
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PROBE SPECIFICATIONS
Indexsar probe G0014, 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 G0014 | BSEN[1] IEEE [2]
Qverall length (mm) 350
Tip length (mm) 10
Body diameter (mm) 12
Tip diameter (mm) 2.55 8 8
Distance from probe tip to dipole 1.39
centers (mm)

Typical Dynamic range S/N G0014 | 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 5200MHz) | S/N G0014 | BSEN [1] IEEE [2]
Axial rotation with probe normal to <0.07 05 0.25
source (+/- dB)

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 liguids.
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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 OET85
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields

[3] Indexsar Report IXS-0300, October 2007.
Measurement uncertainties for the SARA?2 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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5.0 - 6.0 GHz (WG13) Head liquid 5200 MHz
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Figure 1. The axial isotropy of probe S/N G0014 obtained by rotating the
probe in a liquid-filled waveguide at 5200 MHz. (NB Axial Isotropy is largely
independent of frequency)
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Figure 2. Geomstry used for waveguids calibration (affer Ref (2] Section
A3.272)
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Spot SAR as a function of Dipole Feed Power
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Figure 3 : The typical linearity response of IXP-025 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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Figure 4 : X-ray positive image of 5mm probes. 2.5mm probes are similar

Document 75933606 Report 14 Issue 1 Page A.75 of A.79

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Table indicating the dielectric parameters of the liquids used for calibrations at each frequency

_ =it Measured Target % Deviation Verdict
Frequency| Flu
Wiz c ty c y Relative
(MH2) | TYPe | o rmittivity | (Sim) permittivity | (s/m) Permittivity | oMUY || permittivity | Concuctivity
5200 37.01 4.82 36.0 466 28 33 Pass Pass
5500 | Head 36.34 512 357 4.97 19 3.0 Pass Pass
5800 3561 5.47 353 527 0.9 37 Pass Pass
5200 49.19 5.30 29.0 530 0.4 0.1 Pass Pass
5500 | Body 48.38 562 186 565 05 05 Pass Pass
5800 47.41 6.06 282 5.00 B K Pass Pass
Table of test equipment calibration status at time of calibration
Supplier / LEst Cal certificate See | Calibration
" b Model SerialNo. | - calibration Lcort e[St
Power sensor Ronde & NRP-223 100063 140812013 | 10-300287035 1 1410812016
(absolute) -
DiLine checked
Dielectric property (sensor lengths: against NPL
measurement Inclewsar 160mm, 80mm R values using A A
and 60mm) reference
liquids
Vector network analyser Anvitsu MS6423B 003102 2012014 | RMA20021769 2 211012015
EMA a{‘:\‘sgﬁ:'eb'a“m Anvitsu 36581KKF/ 001902 2100172014 | RMA20021769 2 21012015
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Annex 1
Calibration Certificate of NRP-Z23 power sensor

ROHDE&SCHWARZ
Calibration Certificate

Certificate Number 10-300287035

Dote of Recept  2013-08-08
Eingangsdatum

Kalibrierschein Zertifikatsnummer
Unit Data This calibeation cestificate documvents,
that the named testad and
iem Average power sensor isblusnlp iy
Gegensiend specifications.
Measurement results are located
unually in the cormesponding nterval
Monutaciurss  ROHDE & SCHWARZ b e b i
Horsleer Colbration is parformed with test
equipment and standards directly o
:"” NRP-Z23 indirecily iraceabls by means of
w approved callbration lechiigues (o e
PTB/DKD or othes national /
:rﬂ:::::r 1137.8002.02 g:‘l::mm 100063 international atandards, which realize
it the physical units of measuremant
socording to the Intermational Systen
A of Units (81},
In all cases whade no standaids are
ailatie, are
refaranced to standards of the R&S
QOrder Data tessatirirab
amer Principles and mothods of calibratson
m','w, IndexBAR Ltd cormespond with EN ISOIEC 17025, The
applied quality system |s certified to EN
150 8001,
This calibration certificate may not be
reproduced other than in full.
Oakfield House, Calibration centificates withaut
wignatures are not valid,
RH5 6BG Newdigate The user is obliged fo have the object
GB recalibrated at appropriate intarvabs,
Dieser Kalibrigmchein dokumentien, doss
Owwdder Humbar sar ganannte Gegenstand nach
Bantetnunmar feulgeieglen Vorgaben und

aepran
wurde, Doe Messwerie lagen im
Feagaital mit siner W ahrsenoinkchikelt von
annbhernd §5% im zugsardneten

00000 10

Statement of Compliance Measurement resuits within

17 Pages Outgoing Results
17 Pages Incoming Results

Messansicherhait mit & = 2).
Performance Die Kablbriorng srioigie md Messmittain
Piace and Dats of Calibration Memmingen, 2013-08-14 und Mormalen, dhe deekt oder indirekt
Ot und Deatury der Kalbnening

ourch Ablestung mittels anerkannisr
Kalbienechniken rickgefihn sind suf

Normuale der PTB/OKD oder anderer

Seops o;:.mu::‘m Standard Calibration aAETtonsier SN T
- F?mnmunhyna:uw Einbwiten

N Ubersinatimmung mit dem
Statement of Compliance Measurement results within Internationaien Emuuwn (£
Oncoming) specifications Wenn keirng Normale oxstoran, arfolgt te
Kanfarmatsaussage Richfihrung sul Bezuganormale der RS
(Anbeferung) Latsoratanan

Grundsatzs wnd Verahren de
Kalbrierung entsprechen EN ISONEC
17025

Dus angewsndte Guabatsmanagement.
System |at Zerifizien nach EN IS0 8001,

(Cutgoing) Dieser Kalibwiersehein darf nur volistindig
kondarmiastsmnnage .“C".:‘ﬂona NG Urvarsnaen wiiteryebrens! worsen
(Auskelerung] Kakbrierschene ohne Signifizisrungen
Extent of Calbration Documents Pages Calibration Certificate ool 1

it iy o o 2 Pages Calibration Certific Fir die Einhalung einer an

Frist zur Wisdernolung der Kallnenng ist
der Banulzes verantwortich

Rohde & Schwarz GmbH & Co. KG; Service Operations West

Date of lesue Head of Laborstory Porson Responsible
A Laberietung Bearbeiter =
N T L .7,«{@'
& / 27‘ .
._/’T’ = ,
2013-08-14 Courage Ruprecht Schimid Page 112

varil| IREMO808

ROHDE & SCHWARZ GmbH & Co KO - Mutidofuiratie 18 - D-8187 1 Minchen, Federsl Repubilc of Germany - Telslon (086] 41 260 Telefas (D80) 41 2013278
Manfred
RUSEG Vi

S Mirehan - Regisibmntig HRA 18 370 - Parssniich haerser Gt - Saz Mincaen HRET B34
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Material Number 1137.8002.02

Serial Number 100063

Certificate Number 10-300287035

Calibration Method NRVC-1109.0930.32
Kalibrieranweisung

(23 )°c

Ambient Temperature
Umgebungstemperatur

Relative Humidity  20%-60%

Relative Luftfeuchte

Working standards used (having a ifi effect on the

3 - b (mit signifi Einfluss auf die Genawgheit)

Item Type Serial Number Calibration Certificate Number Cal, Due
Gegenstand Typ Serennummer Kalibnermscheinnummer Kalibr. bis
Dual Channel Powermeter NRVD 100862 0114 D-K-15195-01-00 2013-08 20141120
Dual Channel Power Meter NRVD B2B582/0023 0113 D-K-15195-01-00 2013-08 2014-11-30
Vector Network Analyzer VM B365228/0020 0102-DKD-K-16101-2011-08 2013-10-31
Acess Set for Lin. Measurement NRVC-B2 B4899T/0028 0085 D-K-15195.01-00 2013-01 2014-04-30
Calibration Kit Type-N ;50 Ohm 850548 JITO5A00160 2AT-01723 [METAS] 2015-03-11
Power Standard NRVC BIGASTIO006 0082 D-K-15195-01-00 201301 2014-04-30
C y take the into account.

Die b die M

Hotes

Anmarkungen

Installed options are included in calibration. Depending on instaled options, numbers of pages of the record are not conseculive
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Annex 2

Calibration certificate of MS4623 VNA and 36581KKF/1 auto-cal kit

Certificate of Calibration

/nritsu |

Discover What's Possible

Customer. ANRITSU EMEA LIMITED
INDEXSAR LTD 200 CAPABILITY GREEN
INDEXSAR LTD_ LUTON LU1 3LU
UNITED KINGDOM

OAKFIELD HOUSE Tl +44 (0) 1582 433285
NEWDIGATE Fax:+44 (0) 1582 465675
SURREY RHS 586 Emait servce esciffieu anntsu.com
UNITED KINGDOM
Date of Issue: 21/01/2014 Certificate N°: RMA20021769
Customer: INDEXSAR LTD Order N°: Contract
Manufacturer: Anritsu Company

Model Serial Number Description

MS46238 003102 VNA,10 MHZ-6 GHZ ACTIVE

36581KKF/1 001802 TESTED & CHARACTERIZED TO 6 GHZ

Anritsu EMEA Limited does hereby certify the above listed equipment complies to published or
stated specifications at the measured parameters, and has been calibrated to the general
requirements of ISO 17025 against instruments whose accuracies are traceable to National or
International Standards, where such standards are applicable.

Within specification before calibration (yes )
Repair required before calibration (no )
Electrical Safety (yes )

{ |

Laser safety class

Authorised Signature

Naobe Original calibration results are aftached and coples held on file at Anntsu EMEA Limited
The attached results relate only to the instrument under calibration.
Anntsu EMEA Limited Quality system & cerfified to ISO8001 2000 (Cert No. FOA D353178)
This Certificate compnses of
Carthicate of Calibration
Coll Report
25 Pogeq{s) of test results

A
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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
/ .f"? 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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Report Ne
Page 3 of 6

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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CALIBRATICN LABORATCRY REPORT

; 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

Certificate No: DB3SV2-447_Nov15 Page 7ol 8
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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.
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 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%.

Certificate No: D1900V2-546_Nov15 Page2ol8
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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 522+6% 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.

Thedlpoleismadeulstmﬂarduniﬁgidcoaxhlcable.Thooomuoondudordbe!eedingheisdwecﬂymcledloﬂ\e
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

Cenificate No: D1900V2-546_Nov15 Page 508
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Impedance Measurement Plot for Head TSL

9 Nov 2045 15:17:156

CHD s11 1UFs HB0T0L 0 I4%63 0 264.39pH 1 900,200 00O HHz
I.-".HT_""‘-M.
< i \\}
L] - ' g L
Del / 1
/ AT T )
/ \

/ ," l"._ \J:_\"'\
e [ L ;/h' 75 ’5
B Q -7

g \ i TR Y
h Tk X

] ) R %

1a "-.._\__‘_- '__/'

CHZ 831 L0G S CB/REF -20 B %-29.867d8 1 900,000 600 MHz_

Del
Ca b _-'_J...-"""'-’-_
hox: - |
S
e N\

\
Hlg \ {
V

START 1 700.000 200 Mz STOP 2 100.000 000 Mz

Cortificate No: D1900V2-546_Nov15 Page 6ol 8

Document 75933606 Report 14 Issue 1 Page B.29 of B.63
COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

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

Cortificate No: D1900V2-546_Nov15 Page 7ol 8
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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
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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 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
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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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