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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel: +44 () 1306 632 870

Fax: +44 () 1306 6371 834
e-mail: engquines@@indexsar.com

Calibration Certificate 1503/0204
Date of Issue: 31 March 2015

Immersible SAR Probe
[Fype: RO |
| Manufacturer: IndexSAR, UK |
| Place of Calibration: IndexSAR, UK |
| Date of Receipt of Probe: 10 February 2015 |
[ Calibration Dates: 25 February- 13 March 2015 |
| Customer: TUV Sud |

IndexSAR Ltd hereby declares that the IXP-050 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, |IEC 62209-1, |IEC 62209-
2, and FCC SAR standards using the methods described in this calibration document.
Where applicable, the standards used in the calibration process are traceabls to the
UK's National Physical Laboratory.

Calibrated by: M Enginesr

Approved by: E\\i‘g '! . Director

Flease keep this cedificate with the calibration document. When the probe is
sent for a calibration check, please include the calibration document.
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INTRODUCTION

Straight probes work on either SARA-C (to measure SAR values in flat
phantems containing Body tissue simulant fluid), or on SARAZ (where they,
too, can measure in a flat phantom with Body fluid, or in a SAM phantom
containing Head fluid).

This Report presents measured calibration data for a particular Indexsar SAR
probe (5/M 0204) for use on SARA-C only. The calibration factors do not

apply to, and will not give correct readings on, the IndexSAR SARA2
system.

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of IEC 62209-1 [Ref 1], IEEE 1528 [Ref 2], IEC
62209-2 [Ref 3] and FCC [Ref 4] standards. The procedures incorporate
techniques for probe linearisation, isotropy assessment and determination of
liguid factors (conversion factors). Calibrations are determined by comparing
probe readings with analytical computations in canonical test geometries
(waveguides) using normalised power inputs.

Each step of the calibration precedure and the equipment used is described in
the sections balow.

CALIBRATION PROCEDURE

1. Objectives

The calibration process comprises the following stages

1} Determination of the channel sensitivity factors which oplimise the
probe’s overall axial isotropy

2) Channel sensitivity factors are largely frequency independent,
Consequently, they can be combined to model the exponential
decay of SAR in a waveguide fluid cell at each frequency of interest,
and hence derive the liguid conversion factors at that frequency.

2. Probe output

The probe channel output signals are linearised in the manner set out in Refs
[1]-[4]. The following equation is utilized for each channel:

Uin = Ugp + Usp 2/ DCP (1)

where U, is the linearised signal, Uy, is the raw output signal in mV and DCP
is the diode compression potential, also in m\.

DCP is determined from fitting equation (1) to measurements of Uy, versus
source feed power over the full dynamic range of the probe, The DCPisa

characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CW signals the DCFP values are typically 100mV.
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For this value of DCP, the typical linearity response of IXP-050 probes to CW
and to GSM modulation is shown in Figure 4, along with departures of this
same dataset from linearity.

I turn, measurements of E-field are determined using the following equation:
En.f (Wim) = Uygy * Air Factor,* Lig Factor,
+ Uy, © Air Factor,” Lig Factor,
+ Uy = Air Factor,” Lig Factor, (3)
Here, "Air Factor” represents each channel's sensitivity, while “Lig Factor®
represents the enhancement in signal level when the probe is immersed in
tissue-simulant liquids at each frequency of interest,

3._Selecting channel sensitivity factors to optimise isotropic response

Within SARA-C, an L-probe’s predominant mode of operation is with the tip
pointing directly towards the source of radiation. Consequently, aptimising the
probe's response to boresight signals ("axial isotropy”) is far more important
than optimising its spherical isotropy (where the direction, as well as the
polarisation angle, of the incoming radiation must be taken into account).

The setup for measuring the probe's axial isotropy is shown in Figure 1.

Since isotropy is frequency-independent, measurements are normally made at
a frequency of 300MHz as lower frequencies are more tolerant of positional
inaccuracies,

A 900MHz waveguide containing head-fluid simulant is selected, Like all
waveguides used during probe calibration, this particular waveguide contains
two distinct sections: an air-filled launcher section, and a liguid cell section,
separated by a dielectric matching window designed to minimise reflections at
the air-liquid interface.

The waveguide stands in an upright position and the liguid cell section is filled
with S00MHz brain fluid to within 10 mm of the open end. The depth of liquid
ensures there is negligible radiation from the waveguide open top and that the
probe calibration is not influenced by reflections from nearby objects.

During the measurement, a TE., mode is launched into the waveguide by
means of an N-type-to-waveguide adapter. The probe is then lowered
vertically into the liquid until the tip is exactly 10mm above the centre of the
dielectric window. This particular separation ensures that the probe is
operating in a part of the waveguide where boundary corrections are not
necessary.

Care must also be taken that the probe tip is centred while rotating.
The exact power applied to the input of the waveguide during this stage of the
probe calibration is immaterial since only relative values are of interest while

the probe rotates. However, the power must be sufficiently above the noise
floor and free from drift.
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The dedicated Indexsar calibration software rotates the probe in 10 degree
steps about its axis, and at each position, an Indexsar ‘Fast’ amplifier samples
the probe channels 500 times per second for 0.4 5. The raw U, data from
each sample are packed into 10 bytes and transmitted back to the PC
controller via an oplical cable. Usax, Winy and Uys. are derived from the raw
U, values and written to an Excel template.

Once data have been collected from a full probe rotation, the Air Factors are
adjusted using a special Excel Solver routine to equalise the output from each
channel and hence minimise the axial isotropy. This automated approach to
optimisation removes the effect of human bias.

Figure 2 represents the output from each diode sensor as a function of probe
rotation angle.

4, Determination of Conversion (“Liguid”) Factors at each frequency of
interest

A lookup table of conversion factors for a probe allows a SAR value to be
derived at the measured frequencies, and for either brain or body fluid-
simulant.

The method by which the conversion factors are assessed is based on the
comparison between measured and analytical rates of decay of SAR with
height above a dielectric window. This way, not anly can the conversion
factors for that frequency/fuid combination be determined, but an allowance
can also be made for the scale and range of boundary layer effects.

The theoretical relationship between the SAR at the cross-sectional centre of
the lossy waveguide as a function of the longitudinal distance (z) from the
dielectric separator is given by Equation 4;

A

SAR(z)= pabs

(4)

Here, the density p is conventionally assumed to be 1000 kglfma. ab is the
cross-sectional area of the waveguide, and Frand Py are the forward and
reflected power inside the lossless section of the waveguide, respectively.
The penetration depth & (which is the reciprocal of the waveguide-mode
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (5).

5= [R .:{J{z a)’ + jeu, (0+ joe.e }” (5)

where g is the conductivity of the tissue-simulant liquid in S/m, £ is its relative
permittivity, and w is the radial frequency (rad/s). Values for o and g are
obtained prior to each waveguide test using an Indexsar DiLine measurement
kit, which uses the TEM method as recommended in [2]. o and & are both
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termperature- 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 oand
& 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 liguid is therefore determined solely from the waveguide
forevard and reflected power.

Different waveguides are used for TOOMHz, 835/900MHz, 1450MHz,
1800/1200MHz, 2100/2450/2600MHz and S200/5800MHz 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
perscnal wireless communications, and better than 15dB for frequencies
greater than SGHz. 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 technigue 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 500 to 5800 MHz because of the waveguide size is not severe in the
context of compliance testing.

During calibration, the probe is lowered carefully until it is just touching the
cross-sectional centre of the dielectric window. 240 samples are then taken
and written to an Excel template file before moving the probe vertically
upwards. 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 0.35mm steps below 3GHz, down to 0.05mm at
SGH=z.

Once the data collection is complete, a Selver 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 19 and 10g volume-averaged SAR
values agree with published targets.

CALIBRATION FACTORS MEASURED FOR PROBE 5/N 0204

The probe was calibrated at 700, 835, 900, 1800, 1800, 2100, 2450 and 2600
MHz in liquid samples representing brain and body liquid at these frequencies.
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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 2.7 mm fram the probe tip in the direction of the probe
amplifier, A value of 27 mm should be used for the tip to sensor offset
distance in the software. The distance of 2.7mm for assembled probes has
been confirmed by taking X-ray images of the probe tips (see Figure 5).

It is important that the diede 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.

CALIERATION EQUIPMENT

The table on page 19 indicates the calibration status of all test equipment

used during probe calibration,

MEASUREMENT UNCERTAINTIES

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

thal decumen! ks re-created below, and ksts the uncartainty faciors associated just with the callbration of probes.

. " Standard

Source of uncerainty u:;::':.::y ;':u::::: Divisor L= um‘iinlr ui % v:r:
Foreard power £1-r H 1.00 1 s =
Refected power .09 N 1.00 1 4,09 =
Ligyuid conductvty 1,308 ] 1.00 1 1.3 -
Ligyuid pasrrnittivity 1.271 ] 1.00 1 127 =
Fiekd homogenaity 30 [ 1.73 1 173 -
Prabe positianing 022 R 173 1 .13 =
Fiald probo Brearity 0z R 1.73 1 012 =
Combined standard uncersinly R55 6.2

Al the 85% confidence level, therefore, the expanded uncertainty is +12. 4%

SUMMARY OF CAL FACTORS FOR PROBE IXP-050 S/N 0204

Relative Channel Sensitivities
(to optimise Axial Isotropy)

X Y z
Air Factors® 91.78 66.90 81.32 (Vim)*fmV
DCPs 100 100 100 my

Measured Isotropy | (+/-) dB
Axial Isotropy* 0.05:0.01

Physical Information

Sensor offset (mm) 2.7
Elbow — Tip dimension {mm) 0.0
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SAR Conversion Factors/ Boundary Corrections

Head Fluid Body Fluid

Frequency’ | SAR Conv | Soundary | Boundary | | saR Cony | Soundary | Boundary | etes
(MH2) Factor 10) dimm) Factor 10) d{mm)
450 0311 0.90 1.7 0317 1.00 16 3
700 0313 0.89 1.7 0312 0S8 18 12
835 0.307 1.78 1.1 0309 053 15 12
900 0.311 0.81 16 0318 094 14 12
1800 0.357 0.70 15 0382 0.51 19 12
1900 0382 0.76 18 0.3%8 058 18 12
2100 0.395 0.70 20 0434 062 15 12
2450 0.397 1.09 14 0.440 1.04 12 12
2600 0382 1.30 15 0.445 111 14 12
Notes

.

Tre vaid freguerncy of SARA.C prodbe caltratons

PROBE SPECIFICATIONS

are 2 100MHE (F<300MHZ) and 22000542 (F>300MHZ)

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

below:
Dimensions SN 0204 BSEN [1] IEEE [2]
Overall length (mm) a0
Tip length (rmm) 10
Body diameter (mm) 12
Tip diameter {mm) 9.2 &8 &
Distance from probe tip to dipole 27
centers (mm)

Typical Dynamic range SN 0204 BSEN [1] IEEE [Z]
Minimum (Vikg) 0.01 <002 0.01
Maximum (Wikg) =100 =100 100
M.B. only measured to = 100 Wikg
on representative probes

Isotropy (measured at 900MHz) SN 0204 BSEN [1] IEEE [2]
Axial rotation with probe normal to 0.05 05 0.25
source (+/- dB)

MEB |sotropy 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. Mo adhesives are
used in the immersed section. Outer
case materials are PEEK and heat-
shrink sleeving.

Chemical resistance

Tested to be resistant to TWEEMNZ0
and sugar/salt-basaed simulant liguids
but probes should be removed, cleaned
and dried when not in use.

MNOT recommended for use with glycol

or soluble gil-based liquids.
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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 62208-1,
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 Technigues

[3] IEC 82209-2
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models,
Instrumentation, and procedures — Part 2; Procedure to determing 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 KDBBE5664

[53] Indexsar Report |X5-0300, October 2007,
Measurement uncertainties for the SARAZ system assessed against the
recommendations of BS EN 62209-1:2006

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.

| Probe
>

Brain tissue i
simulating : i -~ Active dipole
liquid i
b

\l_________

Figure 1. Spherical isotropy fig showing probe, dipole and box filled with
simulated brafn Fguid (see Ref [2], Section A.5.2.1)
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835 - 900 MHz (WG4) Head liguid 900 MHz

Figura 2 The axial isotropy of a typical |XP-050 probe obtained by rotating
the prabe in a liquid-filled waveguide at 900 MHz. (NB Axial Isotropy is largely
frequency- independeant)

=34
Lossy
Liquid

Dielectric
Slab

[ ——

b

Fuure 3. Geomelry used for waveguide calibralion (after Ref (2] Section
A3Z22)
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Spot SAR az afunction of Dipole Feed Power

o 5 10 15 0 5 30 k']
Dipole Feed Power [dBm)

Deviation from Linearity (dB)

from Lingar (d8)

Spot SAR (dBm kg)

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 & {ie 9dB) lower than CW. The lower
diagram shows the departure from linearty of the same two datasels.

BT 3 ; m
- -l i s i
i : i 4

a | f "

Figure 5 . X-ay positive image of Sim probes
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Table indicating the dielectric parameters of the liquids used for calibrations at each frequency

= Weasured Target % Deviation Verdict
Permitthity | j&im) Permitthity | (&im) Permitthaty | S L bty | SonEUCtivity
4850 43.52 0.884 &35 AT 0.0 0.7 Pass Pass
700 43,245 [T £22 [E] 28 Kl Pass Pams
IS5 4155 0.858 315 050 0.1 0z Prsa Pas
900 FIEE] 0.957 415 087 0a EE Pass Pas
1800 Head 28,6832 1.401 0.0 1.40 09 o1 Pag P
—
1300 _4[".'}5? 1.396 00 1.40 0.1 ] P P
Fal] 432 1.51 T 1.40 13 13 Pzt P
2480 5.0 1.845 x2 1.80 0.4 FX3 P Poss
TE00 38887 1.872 30 1.5 1.1 [\T] P Pons
480 5.5 0508 567 0584 03 €2 Pass Pass
ol 55554 [T 5573 [ET 0.4 '] Pass Pans
s &5.84T 04877 552 aar K] or Pass Pons
800 54,857 1,045 55 1,05 03 05 Pt Pasa
1800 Body 52,952 1,531 533 152 05 0T Pagd Pasd
—
1900 _ﬂﬂﬁﬁ 1.524 5;3.3 1..'!_2 8 0¥ Pt Pags
Fale] 53.085 1,698 532 182 1.3 0.1 Pl Pass
2480 62,788 1,585 52,7 185 a1 oE Pass Poss
TE00 52254 2179 525 216 03 '] Prss P
Table of test equipment calibration status
Inatnsmant deseription | SHRREe ! Modtit SarisiNo. | caibration | CHcetficate | Ses | Galibration
Rarndacturer iy niambr Ancx i date
Pt sango o NP3 100063 14082013 | 10-300267035 1 14DEES
¥z
Prower sansar e & HREZ2Y W0GE OROR0NA | 140048811 2 OBOADITE
[abmniute] -
OiLing chacied
DR MRy (BT lngthe Bt MR , ,
e e Ineiegar -l Ha gl hiA ey
and E0mm) refenince
Tquids
Wector network analyser Arritsu MES6ATAE 00a102 TAXAMS | RMA00ZTO0Z 3 1FAI2RME
A """"""'“'f"‘""‘" Arvitsy EEELHHFH P02 ims | RMAZIORITES a MBS
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Annex 1

Calibration Cerlificale of NRP-Z23 power sensor, SN 100063
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Annex 2

Calbration Cerlificate of NRP-Z23 power sensor, S/N 100168

= d

Calibration Certificate Certificate Number 1400-48811
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Annex 3

Calibration cerificale of Annfsw MES46238 VA

Saerial Mamber Description |
L[] VA0 MHZ S GHZ ACTIVE I

Murray
Head of Services (EMEA)
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Annex 4
Calibration ceificale of Anntsu 3658TKKE/1 aula-cal kit

i Dt of lssun: ZR0N015 Cantificate N*: RMAZ00DE645
|
|i Customer:
I
i

Manufacturer:  Ansitsu Company

~ Sotlal Himibar Description

International Standards, where such standards are applicable.

Murray
Head of

B gl CORDEDOS FRURE 060 BILCRY ] CiDeed Beld & S 1 Anviten EMEA Limited
The Stchas MARE P Oy 0 T TR LT LR
Areie EMTA Limied Gualty sysiem & corfifesd o EROR001 2008 (Cart. Mo FOA Q01176
The Carbbala compraes of
Cafosls of Calibraion

Gl Rianaet
10 Pragadn) of bt et

£l
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INDEXSAR LTD Ordar Ho: 1045ANR

MS46238 003102 WHA 1D MHZ-6 GHZACTIVE
IESHTKKFA Dod802 TESTED & CHARACTERIZED TO 6 GHZ

Anntsy 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 190 17025 against insiruments whose accuracies are traceable io Natlonal or

Services (EMEA)
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IMMERSIBLE SAR PROBE
CALIBRATION REPORT

Part Number: IXP=020

S/N L0006

March 2015

Indexsar Limited
Oakfield House
Cudworth Lane

MNewdigate
Surrey RH5 5BG
Ted: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834
e-mail: enquiries@indexsar.com

Reproductson of this repor is authorized by Indexsar Lid provided the report i reproduced in its entinety
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Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate

Surrey RHS 5BG

Tel: +44 (0) 1306 632 570
Fax: +44 (0) 1306 631 834

Calibration Certificate 1503/L0006
Date of Issue: 31 March 2013

Immersible SAR Probe
[Type: IXP-020 |
| Manufacturer: IndexSAR, UK |
| Serial Number: LO0DS |
| Place of Calibration: IndexSAR, UK |
[ Date of Receipt of Probe: 10 February 2015 |
ECIhrlﬂonDlhl: 13 = 20 March 2015 I
E Customar: TUV Sud I

IndexSAR Ltd heraby declares that the IXP-050 Probe named above has been
calibrated for conformity to the current versions of IEEE 1528, IEC 62209-1, |IEC 62209-
2, and FCC SAR standards using the methods described in this calibration document.
Where applicable, the standards used in the calibration process are traceable to the
UK's Mational Physical Laboratory.

Calibrated by: M Technical Manager
/ =
Approved by: & Director

Please keep this certificate with the calibrafion document. When the probe is
nt for a calibration i f librati L
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INTRODUCTION

L-shaped probes are designed solely for use on the SARA-C SAR-measuring
system. They are not designed to work on SARAZ or any other robot-
positioning system, but can be positioned manually if software is available to
read out SAR measurement values..

This Report presents measured calibration data for a particular Indexsar SAR
probe {3/MN LO00S) only and describes the procedures used for
characterisation and calibration,

Indexsar probes are characterised using procedures that, where applicable,
follow the recommendations of [EC 62209-1 [Ref 1], IEEE 1528 [Ref 2], IEC
§2209-2 [Ref 3] and FCC SAR [Ref 4] standards, or equivalent. The
precedures incorporate technigues for probe linearisation, isotropy
assessment and determination of liguid factors (conversion factors).
Calibrations are determined by comparing probe readings with analytical
computations in canonical test geometries (waveguides) using normalised
power inputs.

Each step of the calibration procedure and the equipment used is described in
the sections below.

CALIERATION PROCEDURE
1. Objectives
The calibration process comprises the following stages:-

1) Determination of the relative channel sensitivity factors which
optimise the probe's overall axial isotropy in 900MHz brain fluid.

2} Measure the incidental spherical isotropy using these derived
channel sensitivity factors.

3} Since isotropy and channel sensitivity factors are frequency
independent, these channel sensitivity factors can be applied to
maodel the exponential decay of SAR in a waveguide fluid cell at
each frequency of interest, and hence derive the liquid conversion
factors at that frequency.

2. robe output

The probe channel output signals are linearised in the manner set out in Refs
[1]-=[4]. The following equation is utilized for each channel;

Ui = Uw"‘ UwEfIDCF {1}

where Uy, is the linearised signal, Uy is the raw output signal in m\ and DCP
is the diode compression potential, also in mV.
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DCP is determined from fitting equation (1) to measurements of U,, versus
source feed power over the full dynamic range of the probe. The DCPisa
characteristic of the Schottky diodes used as the sensors. For the [XP-020
probes with CW signals the DCP values are typically 100mY.

For this value of DCP, the typical linearity response of [ XP-050 probes to CW
and to GSM modulation is shown in Figure 7, along with departures of this
same dataset from linearity.

In turn, measurements of E-field are determined using the following equation:

Enq2 Mim) = Upse ™ Air Factor,” Lig Factor,
+ Uiy * Air Factor,” Lig Factor,
+ Uz * Air Factor,* Lig Factor; (3)

Here, “Air Factor® represents each channel's sensitivity, while “Lig Factor”
represents the enhancement in signal level when the probe is immersed in
tissue-simulant liquids at each frequency of interest,

3. Selecting channel sansitivity factors to optimise isotropic respanse

Within SARA-C, an L-probe's predominant mode of operation is with the tip
pointing directly towards the source of radiation. Consaquently, optimising the
probe’s response to boresight signals (“axial isotropy”) is far more important
than optimising its spherical isotropy (where the direction, as well as the
polarisation angle, of the incoming radiation must be taken into account).

The setup for measuring the probe’s axial isotropy is shown in Figure 1, and
this allows spherical isotropy to be measured at the same time. Moreover,
since isotropy is frequency-independent, measurements are normally made at
a frequency of 200MHz as lower frequencies are more tolerant of positional
inaccuracies.

A box phantom containing 900MHz head fluid is irradiated by a tuned dipole,
mounted at the side of the phantom on the SARAZ robot's seventh axis.
Mote: although the probe is used on SARA-C, it is actually calibrated on
SARAZ. The dipole is connected to a signal generator and amplifier via a
directional coupler and power meter. The absolute power level is not
important as long as it is stable, with stability being monitored using the
coupler and power meter.

During calibration, the spherical isotropy response is measured by changing
the crientation of the probe sensors with respect to the dipole, while keeping
the long shaft of the probe vertical and the probe sensors at precisaly the
same position in space. Correctly aligning the probe sensors in this way is
essential to an accurate measurement of isotropy.

Initially, the short shaft of the probe is positioned parallel to the phantom wall

with its sensors at the same vertical height as the centre of the source dipole
and the line joining sensors to dipele perpendicular to the phantom wall (see

Document 75934711 Report 11 Issue 1 Page A.23 of A.42

COMMERCIAL-IN-CONFIDENCE



Figure 1). In this position, the probe is said to be at a position angle of -90
degrees. During the scan, the probe is rotated from -90 to +20 degrees in 10
degree steps, and at each position angle, the dipole polarisation changes
frorm O to 360 degrees in 20 degree steps. The short shaft of the probe
thereby starts moving increasingly end-on to the dipole, and after passing
through perpendicularity, it carries on until facing in the opposite direction from
its starting position, all the time with the centroid of the sensors occupying the
same position in space.

While all relative probe and dipole orientations contribute to the probe's
spherical isotropy response, only the subset of measurements made when the
probe is exactly end-on to the dipole, contributes to the calculation of axial
isotropy. The relative channel sensitivities can be adjusted either to give the
most uniform response to all incoming directions and polarisations (spherical
isotropy) or just to boresight signals (axial isotropy). Unfortunately, in
practice, the two isotropies are not mutually optimisable by the same relative
channel gains, so a choice must be made based or the usual mode of
operation. That is why Indexsar optimises for Axial |sotropy.

At each probe position/dipale polarisation pair, an Indexsar ‘Fast’ amplifier
samples the probe channels 500 times per second for 0.4 5. The raw U,y
data from each sample are packed into 10 bytes and transmitted back to the
PC controller via an optical cable. Uy, Usny and Uy are derived from the raw
U,y values and written to an Excel template.

Once a full set of data has been collected, the Air Factors are adjusted using
a special Excel Solver routine to equalise the output from each channel and
hence minimise the axial isotropy (see Figure 3). This automated approach to
optimisation removes the effect of human bias. These optimised channel
sensitivity values can then be applied to the entire dataset as a check on the
resulting spherical isotropy, as shown in Figure 4.

4. Determination of Conversion (*Liquid”) Factors at each frequency of
interest

A lookup table of conversion factors for a probe allows a SAR value to be
derived at the measured frequencies, and for either brain or body fluid-
simulant.

The method by which the conversion factors are assessed is based on the
comparison between measured and analytical rates of decay of SAR with
perpendicular distance from a dielectric window. This way, not only can the
conversion factors for that frequency/fluid combination be determined, but an
allowance can also be made for the scale and range of boundary layer effects.

The theoretical relationship between the SAR at the cross-sectional centre of
the lossy waveguide as a function of the longitudinal distance (2) from the
dielectric separator is given by Equation 4:
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A .
SAR(z)= %e-z:.a @

Here, the density p is conventionally assumed to be 1000 kg/m®, ab is the
cross-sectional area of the waveguide, and Py and P, are the forward and
reflected power inside the lossless section of the waveguide, respectively.
The penetration depth 4 (which is the reciprocal of the waveguide-mode
attenuation coefficient) is a property of the lossy liquid and is given by
Equation (3).

b= [u.:“'(,, 1} + Jap, (0 + Jae,z, )]] (5)

where o is the conductivity of the tissue-simulant liquid in Sim, & is its relative
permittivity, and w is the radial frequency (rad's). Values for o and & are
obtained prior to each waveguide test using an Indexsar DiLine measurement
kit, which uses the TEM method as recommended in [2]. o and £ are both
ternperature- 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 ocand
& should reflect the actual temperature. Values employed for calibration are
listed in the tables below.

Dedicated waveguides have been designed to accommodate the geometry of
an L-shaped probe as it traces out the decay profile. Traditional straight
probes measure the decay rate of a verticaltravelling signal above a
harizontal dielectric window; for the L-shaped probes, the geometry has had
to be changed, and the waveguide now lies horizontally and instead of being
open at the end, is capped with a metal plate (see Figure 2). A slot is cut in
the top ("b") face through which tissue simulant fluid can be poured, and
through which the probe can enter the guide and be offered up to the now
vertical waveguide window.

During calibration, the probe tip is moved carefully towards the dielectric
window until the flat face of the tip is just touching the exact centre of the face.
200 samples are then taken and written to an Excel template file before
moving the prebe into the liquid away from the waveguide windew. This cycle
is repeated 150 times at each separation. The spatial separation between
readings is determined from practical considerations of the expected SAR
decay rate, and range from 0.Z2mm 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-thecretical fit by varying the conversion factor, and the
boundary correction size and range.
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By ensuring the waveguide cap is at least three penetration depths, reflections
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 technigue 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.

For calibrations at 450MHz, where waveguide calibrations become unfeasible,
a full 30 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.

CALIBRATION FACTORS MEASURED FOR PROBE SiN L0006
The probe was calibrated at 450, 835, 900, 1800, 1900, 2100, 2450 and 2600

MHz in liquid samples representing brain liguid at these frequencies.

The calibration was for CW signals only, and the horizental axis of the probe
was parallel to the direction of propagation of the incident field i.e. end-on to
the incident radiation.

The reference point for the calibration is in the centre of the probe's cross-
saction at a distance of 2.7 mm from the probe tip in the direction of the probe
amplifier. A value of 2.7 mm should be used for the lip to sensor offset
distance in the software. The distance of 2.¥mm for assembled probes has
been confirmed by taking X-ray images of the probe tips (see Figure 9).

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 diede output voltages to a SAR value.

CALIBRATION EQUIPMENT

The Table on page Error! Bookmark not defined. indicates the calibration
status of all test equipment used during probe calibration,
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MEASUREMENT UNCERTAINTIES

A complabe measuemant uncertainty analysis for the SARA-C measurement system has been published in Reference [3]. Table 17
from that document is re-created below, and lsts the uncedainty factors associated just with the calibration of probes.

Standard

Uncertainty | Probability v or

ce of uncertainty value £ % distribution Divisar [ utcm;nty i & Vs
QIVWERd Do ELF] N 1,00 1 EL T =
afieciod power . 1] 1,00 1 408 -
conductiviy 1,308 H 1.00 1 .31 -
uid i 1271 H 1.0 i 127 =
Id homganaity 2.0 R 1.73 1 1.73 -
jpositioning [iF7] R 1,73 1 013 =
wid proba Ensadity 0.2 R 1.73 1 0.12 -

[Eombined standard uncertainty F5S —em

At the 55% confidence level. therefore. the expanded uncertainty is 12.4%

SUMMARY OF CAL FACTORS FOR PROBE IXP-020 S/N L0006

Relative Channel Sensitivities
(to optimise Axial Isotropy)
} X Y Z
Air Factors 72.81 90.02 77.16 (Vim)“/mV
CW DCPs 100 100 100 my
Measured Isotropy | Probe orientation range (+/-) dB
at 900MHz relative to dipole
Axial Isotropy 0" (end-on to dipole) 0.01
5 +20° 0.17
+30° 0.28
Spherical Isotropy 160° 058
| +50° 0.63
SAR Conversion Factors/ Boundary Corrections
(Head Fluid)
Boundar Bounda
F"“;;:::]“"' G prned Comection | Correction (M
{0} d{mm)
450 0.298 0.0 1.0 3
700 0.300 12 1.1 4
836 0.304 0.8 15 12
300 0.305 1.0 1.4 2
1800 0.373 0.9 15 R
1900 0.382 0.5 23 1.2
2100 0.356 0.6 20 1,2
2450 0.423 0.9 15 1.2
2600 0.427 1.1 1.4 1,2
Notes
1) Calibrations done at 22°C +/-2°C
2) Waveguide calibration
3) By validation
4) extra on
The valid frequency of SARA-C probe calbrations ane =100MHE (F<300MHz) and $200MHE (F>300MHZ).
Physical Information
Bensor offset (mm) 27
Elbow — Tip dmension (mmy] 8455
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PROBE SPECIFICATIONS

Indexsar probe LO0ODE, along with its calibration, is compared with BSEN
62209-1 and |EEE standards recommendations (Refs [1] and [2]) in the
Tables below. A listing of relevant specifications is contained in the tables

below:

N.B. anly measured to = 100 Wikg
on representative probes

Dimensions S/M LOOOG | BSEN[1] IEEE [2]

Vertical shaft (mm) 510
Horizontal shaft (mm) 20
Tip length (rmm} 10
Body diameter (mm) 12
Tip diameter (mm) 5.2 B B
Distance from probe tip to dipole 27
centers (mmj

Dynamic range S/M LOOOG | BSEN [1] IEEE [2]
Minimum (W/kg) 0.m =0.02 0.01
Maximum (Wikg) =100 =100 100

Isotropy (measured at 900MHz)

S/N L0006 | BSEN [1] | IEEE [2]

Axial Probe at 0° 0.01 0.5 0,25
Probe at +20° 017
, Probe at £30° 0.25
Spherical " Probe at +60° 0.56 MN/A MNiA
Probe at +30° 0.63

Construction

Each probe contains three crthogonal
dipole sensors arranged on a triangular
prism core, protected against static
charges by built-in shielding, and
coverad at the tip by PEEK cylindrical
enclosure material. Cuter case
materials are PEEK and heat-shrink
sleaving.

Chemical resistance

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

MNOT recommended for use with glycol
or soluble oil-based liquids.
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REFEREMNCES
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 Technigues

[3) IEC 822092
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 8
GHz)

[4) FCC KDE 865664

[5] Indexsar Report 1X5-0300, October 2007,
Measurement uncertainties for the SARAZ 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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Probe
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= . " Active dipole
Brain tissue 7
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liquid | PR
5
-
-
.
s
Figure 1 Isotropy jig showing probe, dipole and box filled with simulated brain liquid (see Ref

[2], Section A.5.2.1)

Figure 2 Schematic showing the innovalive design of slot in the waveguide lerminalion
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835 - 900 MHz (WG4) Head liquid 900 MHz

11 13 I
< I 40 i | 51 i
] & b L] M 1 ABG |

Figure 3 The axial isciropy of probe SN LO00S oblained by rofating & S00MHz dipole with
probe tip aligned with dipole borasight (NB Axial Isclropy IS frequency indapenciant)

-
CETate
- e,
--".._':.-;.'-;-L':‘;."_"-'“:-_-:‘_m 000 48
":"‘-“'*““‘"‘#*'
e, _-:Ib_--‘_'_: o

? 0
(polarization rotation) = 8 {probe rotation)

Figure 4 Residual Surface [solropy al 900 MHZ after optimisation for axial isolropy
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(=]

835900 MHz (WGH) Head liquid 835 MMz

10 20 0 40
z(mm)

| ——Analylical —— Measurements |

B35 - $00 MHz (WG4) Head liquid 300 MHz

10 20 o 40
z{mm)

J—-'II'IH'_I‘IEH —Ihmrml

Figure 5 The measured SAR decay function along the centraiine of the WG4 waveguide with
corversion factors adiusted to it to the thearatical function for the particuiar dimension,
frequency. power and liquid properties employed.
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1800 - 1900 (WGE) Head liquid 1800 MHz

=

2 mm)

| —— Ananticsl —— Maasurements. |

1800 - 1900 (WGS) Head liquid 1990 MHz

Timm)
[—.nnwuul —— Mesturements t
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2000 - 2500 (WGE) Head liquid 2100 MHz

10 m
T fmm )

[——Anaiticnl —— Measaremants |

2000 - 2500 (WGE) Hoad Bquid 2450 MHz

1] 10 0
z(mm)

[ Amatytical —— Mewsursments |

2000 - 2500 (WGE) Head quid 2600 MHz

SAR (Wikg)

] 10 0
z{mm}

|_ Aralytical —— Measurements j

Figure 6. The measured SAR decay funchion along the ceriraling of the R22 waveguide with
conversion factors adusted [o it to the theoretical funchion for the particular dimension.

frequency, power and liguid properties employad.
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Spot SAR as afunction of Dipole Feed Pow er
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Figura T The typical ineanty responsea of Smm probes o both CW (biue) and GSM (pink)
medulation in close praximity lo & source dipole. The lop diagram shows the SAR reading as
a function of dipole feed power, with GSM modulation being approx a factor of of B (ie Sa8)
lower than CW. The lower diagram shows the departure from linsarity of the same two
datasals,
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Table indicating the dielectric paramelers of the liquids used for calibrations at each frequency

% D

Table of test equipment calibration status
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Annex 1

Calibration Cerlificale of NRP-Z23 power sensor, SN 100063
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Certificate Number 10-30028T035
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Annex 2

Catbration Certficate of NRP-Z23 power sensor, S/N 1007169

Calibration Certificate Certiflcate Number 1400-48811
Halibrierscheln Zortifikatanummer
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Melabirianl ran e 11T 8002 02

reciat it Ceartificabe Number 140048811
Saerial number 10 1137 8002021001
m,,:',m‘, Ser- 100165 | Zertiflcats nummer

Calibration instruction S s page of calbraton repat Dt of recaipd LR S
)

L s ] Engangadaiem
Ambiand temperature (23 2)°C PRelptive humidity 30 % - 80 %
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Annex 3

Calibrafion cerificale of Anvdey MS4E238 VNG

Certificate of Calibration

Ainritsu

Dimcdnie What's Prasdils ™

Date of laaue 1TH2I2015 Certificate N':  RMAZ0027002
Cumsramer: BDEXSAR LTD Oeder b Contract
Manufacturer:  Aaritsu Company

l

[ Serial Frer Dl
M546298 w3102 WA, 10 MHZS GHZ ACTIVE

| Annisu EMEA Umsed does hesely conlify the above listed equipment complies to publshed or
stated specfications afl the measured parameters, and has been calibrated to ]
requirernents of 130 17025 against instruments whose accuracies are traceable to Mabonal

where such standards are appbcable.

(yes }
Blecingal Sasety {yee }
Laser pafety class { b
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Annex 4
Calibration certificate of Anritsu 36581KKF/1 autocal kit

Certificate of Calibration

i Customer: IHDEXSAR LTD Ordor Mo: 1M45AMR

Manutacturer: Anritsu Company

MG4623E 0 WA, 10 MMHZ-G GHEACTIVE
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