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Annex 3
Calbration cedificale of Anrisu MS46238 VNA
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Annex 4
Calibration certificate of Anntsu 36581KKF/1 auto-cal kit

. Certificate of Calibration

N

. Date of Issue: 20112015 Certificate N* RMA20026648
i
| Customer: INDEXSAR LTD Order No: 1045ANR
Serial Number Description
| MS46238 003102 VNA_10 MH2-6 GHZ ACTIVE
. JES8IKKFA 001902 TESTED & CHARACTERIZED TO 6 GHZ
I
|
' Anritsu EMEA Limited does hereby certify the above ksted equipment complies to published or
. stated specifications at the measured parameters, and has been calibrated to the general
. requirements of 1ISO 17025 against instruments whose accuracies are traceable 1o National or
International Standards, where such standards are applicable.
Within specfication before calbration (yes )
Ropair requred calbration (no )
Electrical Safety (yes )
Laser safety class )
Authorised Signature
Murray
! Head of Services (EMEA)
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IMMERSIBLE SAR PROBE
CALIBRATION REPORT
Part Number: IXP - 050
S/N 0204
March 2015
Indexsar Limited
Oakfield House
Cudworth Lane
Newdigate
Surrey RH5 5BG
Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834
e-mail: enquiries@indexsar.com
Reproduction of this report is authorized by Indexsar Lid provided the report s reproduced in its entirety
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Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate

Surrey RHS5 5BG

Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834

e-mail: enquiries@indexsar.com

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

[Type: XP-050 I
[ Serial Number: 0204 |
[ 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 traceable to the
UK's National Physical Laboratory.

Calibrated by: /M Engineer

-

/ R
Approved by: kl‘. _ Director

Please keep this certificate with the calibration document. n the probe is
Sen, fr ] A_.'l :_o 3 2a8e % 3 [ ent

v LA 1 LE h‘ .
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INTRODUCTION

Straight probes work on either SARA-C (to measure SAR values in flat
phantoms containing Body tissue simulant fluid), or on SARA2 (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 (S/N 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
liquid 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.

CALIBRATION PROCEDURE
The calibration process comprises the following stages

1) Determination of the channel sensitivity factors which optimise 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 liquid 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:

Usn = Uap + Uop 2/DCP (1)

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

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 IXP-020
probes with CW signals the DCP 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.

In turn, measurements of E-field are determined using the following equation:
Esq’ (V/m) = Uy * Air Factor,” Liq Factor,
+ Uy, * Air Factor,” Liq Factor,
+ Uy * Air Factor;* Liq Factor; (3)
Here, “Air Factor” represents each channel’s sensitivity, while “Liq 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, 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.

Since isotropy is frequency-independent, measurements are normally made at
a frequency of S0O0MHz 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 liquid 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 liquid 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 SO0 times per second for 0.4 s. The raw U, data from
each sample are packed into 10 bytes and transmitted back to the PC
controller via an optical cable. Usay, Uiny and Ug; are derived from the raw
U,y 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 rminati version ("Liquid™) F fr f
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 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 (z) from the
dielectric separator is given by Equation 4:

4(p,-p)

218
pabs @

SAR(z2)=

Here, the density p is conventionally assumed to be 1000 kg/m”, ab is the
cross-sectional area of the waveguide, and Prand P, 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).

o= [Rc{J(Jr ‘a)’ + jou, (0+ joe.g, );] ‘ (5)

where ¢ 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 ¢, 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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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 o 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 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 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.

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
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.

CALIBRATION FACTORS MEASURED FOR PROBE S/N 0204

The probe was calibrated at 700, 835, 900, 1800, 1900, 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 from the probe tip in the direction of the probe
amplifier. A value of 2,7 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 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 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

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

Standard

Source of uncertainty IO |y | o | & uncertainty i b
Forward power e N 1.00 1 I -
Refiected povet 400 N 1.00 1 409 -
Liquid conductivty 1.308 N 1.00 1 [T -
Liquid pormittrvity 127 N 1.00 1 1.27 -
Field homogeneity 30 R .73 1 1.73 -
Probe postioning 022 R 1.73 1 0.13 -
Fiold probe bnearity 02 R 1.73 [ 012 -
e e ” RSS "

Al the 95% 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)mV
DCPs 100 100 100 mV

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

Physical Information

Sensor offset (mm) 2.0
Elbow - Tip dimension (mm) 0.0
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PROBE SPECIFICATIONS

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

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

Overall length (mm) 350

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

Tip diameter (mm) 5.2 8 8
Distance from probe tip to dipole 72 g

centers (mm)

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

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

NB Isotropy is frequency independent

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

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

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

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

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

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

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

[4] FCC KDB865664

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

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.
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Figure 1. Spherical isotropy jikg showing probe, dipoke and box filfed vilth
simulated brain liquid (see Ref [2], Section A.5.2.1)
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Figure 27& .ax:‘a.' isﬁtmpy ofa fyﬂfcal :x?ﬁbso probe oblair;ed by rotating
the probe in a liquid-filled waveguide at 900 MHz. (NB Axial Isotropy is largely
frequency- independent)
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Frgure 3. Geomelry usad for wavegquide calibration (after Ref (2] Secton
A322)
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Spot SAR as afunction of Dipole Feed Power

0 5 10 15 20 25 0 £
Dipole Feed Pow er (dBm)

Deviation from Linearity (dB)

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 8 (ie 9dB) lower than CW. The lower
diagram shows the departure from linearity of the same two datasets.
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Table indicating the dielect: 1
Frequency
(MH2)
pro——
L]
700
pr—
835
"
900
e
1800
p—
1900
p————
| Earo0ms
2450
e
2600
450
po——
| ERT00 05954
835 55.587 0977 Pats Paws
p— —— - ————- -
900 54857 1.045 Pass Paa
p—————
1800 Body 52958 150 Pass Pass
1900 52 965 1.524 Pass Pass
s p—
2100 53 884 1618 Pana Pass.
2450 52.768 1.965 Pasa Pasa
2600 52354 2179 Pass Pata
Table of test equipment calibration status
g Supplier | i seriaiNo. | catumtion | CoMcortficate | See | Calbration
’ M i number Annex | due date
Rohde & a - .
POWe! 400800 Artades NRPZD 100063 14082013 | 10-300287035 1 14082015
Rohde & .
Power sensor i NRPZD) 100169 060M2014 140045811 2 06082016
(abmobte) -
DLine chaecined
Dwloctrac property (srmor lengths 2 agnnet NPL 2
Ingeiar 360mem, 60 HA - NA NA
and €0mm) refererce
Squicks
Vector network anslyser Artsu MS64238 003102 170272015 | RMA20027002 3 170202016
SMA srccalbation Arrtsy WEBIKKF N 001902 2012015 | RMAZ0021769 4 22012016
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Annex 1
Calibration Certificate of NRP-Z23 power sensor, S/N 100063
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Annex 2
Calibration Certificate of NRP-Z23 power sensor, S/N 100169
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Material number 1137800202

el — Certificate Number 1400-48811
Seral number 10: 1937.8002.02-100188-a) Zectifikatsnummer

Sr e e Ser: 100169
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Calbration cerificale of Anrisu MS46238 VNA

Certificate of Calibration

specfications al the measured parameters, and has been calibrated to the general
requirements of 1ISO 17025 against mstruments whose accuracies are traceable to Nabonal or
International Standards, where such standards are apphicable.
Repar required before calibraton (yes )
Blectrical Safety (yes )
Laser safety class ( ]
Aumhorned Signature
Murray
Head of Services (EMEA)
Note  Orgral calbraton resuts are J0ched 370 cope ek on e ot Arrtsu EVEA Lmites
B TR g i TSR o e pen0 )
ot Cobrian
gmd-n-.
N N
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Annex 4
Calibration certificale of Annltsu 36581KKF/1 aulo-cal kit

% - Certificate of Calibration

Serial Number Descrigtion
| MS46238 003102 VNA, 10 MHZ-6 GHZ ACTIVE
L 001902 TESTED & CHARACTERIZED TO 6 GHZ

Murray
Hoad of

;‘Mﬂhﬂnmﬂmmnhummw
oy Syviem & £509001 2900 (Cont. No. FOA 0383176)
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IMMERSIBLE SAR PROBE
CALIBRATION REPORT
Part Number: IXP-020

S/N L0006

March 2015

Indexsar Limited
Oakfield House
Cudworth Lane

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

Reproduction of this report is authorized by Indexsar Lid provided the report is reproduced in its entirety
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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel: +44 (0) 1306 632 870

Fax: +44 (0) 1306 631 834
e-mail: enquiries@indexsar.com

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

Immersible SAR Probe
[Type: XP-020 I
[ Manufacturer: IndexSAR, UK ]
[ Serial Number: L0006 |
[ Place of Calibration: indexSAR, UK ]
| Date of Receipt of Probe: 10 February 2015 |
[ Calibration Dates: 13 - 20 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 traceable to the
UK's National Physical Laboratory.

Calibrated by: W Technical Manager

Approved by: Xﬁ‘ | ] Director

' &L&mﬁ@{mn cheok piem mciude the cﬁ_ﬂce{m_mfm_{; ;
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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 SARA2 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 (S/N LO006) only and describes the procedures used for
characterisation and calibration.

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 SAR [Ref 4] standards, or equivalent. The
procedures incorporate techniques for probe linearisation, isotropy
assessment and determination of liquid 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.

CALIBRATION PROCEDURE
1. Obijectives
The calibration process comprises the following stages:-

1) Determination of the relative channel sensitivity factors which
optimise the probe’s overall axial isotropy in S00MHz 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
model 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.

Pr t

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

Uin = Uop ¢+ Uy 2/DCP (1)

where Uy, is the linearised signal, Uy is the raw output signal in mV and DCP
is the diode compression potential, also in mV.
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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 IXP-020
probes with CW signals the DCP values are typically 100mV.

For this value of DCP, the typical linearity response of IXP-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:

Eso” (V/m) = Uy * Air Factor,” Liq Factor,
+ Uy * Air Factor,® Liq Factor,
+ Uy * Air Factor,* Liq Factor, (3)

Here, “Air Factor” represents each channel's sensitivity, while “Liq 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, 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 S00MHz 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 SARA2 robot’s seventh axis.
Note: although the probe is used on SARA-C, it is actually calibrated on
SARAZ2. 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 orientation of the probe sensors with respect to the dipole, while keeping
the long shaft of the probe vertical and the probe sensors at precisely 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 dipole perpendicular to the phantom wall (see
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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 +90 degrees in 10
degree steps, and at each position angle, the dipole polarisation changes
from 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 Isotropy.

At each probe position/dipole polarisation pair, an Indexsar ‘Fast' amplifier
samples the probe channels S00 times per second for 0.4 s. 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, Uiy and Uy are derived from the raw
Uy, 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 (z) from the
dielectric separator is given by Equation 4:
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e =B
-'\.-IR(..)——-—‘;;-;E——(, (4)

Here, the density p is conventionally assumed to be 1000 kg/m®, ab is the
cross-sectional area of the waveguide, and Pyand P, 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).

o= [Re{J(x la)' + jou, (0 + joe,s, )}] I (5)

where ois 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 ¢ are
obtained prior to each waveguide test using an Indexsar DiLine measurement
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 o and
& 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 vertical-travelling signal above a
horizontal 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 probe into the liquid away from the waveguide window. 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 0.2mm 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.
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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 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 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.

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.

CALIBRATION FACTORS MEASURED FOR PROBE S/N L0006

The probe was calibrated at 450, 835, 900, 1800, 1900, 2100, 2450 and 2600
MHz in liquid samples representing brain liquid at these frequencies.

The calibration was for CW signals only, and the horizontal 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-
section 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 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 9).

It is important that the diode compression point and air factors used in the
software are the same as those quoted in the resulls tables, as these are
used to convert the diode 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 complete measurement uncertainty analysis for the SARA-C measurement system has been published in Reference [3]. Table 17
from that document is re-created below, and ksts the uncertainty factors associated just with the calbration of probes.

Standard
of uncertainty U“':ﬁ':' Probabilty | oieor | o |uncertaintyuis g
distribution "
orward povwert 392 M 00 383 -
power 409 N 00 .0 -
ductrvty 1308 7 ) 1. -
1271 I 00 1 7 -
30 R 73 1 : -
ote 022 R 73 1 [ =
old probe Inearty 02 R 7 1 i »
i s I ——

Al the 95% 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)
B = Y i
Air Factors 72.81 90.02 77.16 (V/m)“/mV
CW DCPs 100 100 100 mV
Measured Isotropy | Probe orientation range (+/-)dB
at 900MHz relative to dipole
Axial Isotropy 0°(end-on to dipole) 0.01
B +20° 0.17
: +30° 0.28
- Spherical Isotropy +60° 058
| +90° 0.63
SAR Conversion Factors/ Boundary Corrections
(Head Fluid) _
Boundary | Boundary
Frequency" | SAR Conv Correction | Correction | Notes
(MHz) Factor 1(0) d(mm)
450 0.298 0.0 1.0 3
700 0.300 12 1.1 4|
835 0.304 0.8 15 §i2
900 0.305 1.0 14 1258
1800 0.373 0.9 15 TP IR
1900 0.382 0.5 23 12
2100 0.396 0.6 20 1245
2450 0.423 0.9 15 1.2
2600 0.427 1.1 14 1.2
Notes =t :
1) Calibrations done at 22°C +/-2°C
2) : !!_-m! jde cal
3) By validation
3 4) extrapolation
The valid frequency of SARA-C prode calitrations are £100MMHZ (F <300MHZ) and £ 200MMZ (F>300MM2Z)

| Physical Information

Eemordfse! (mm) 27
lbow — Tip dimension (mm)| 8455
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PROBE SPECIFICATIONS

Indexsar probe LO006, 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 L0006 | BSEN [1] IEEE[2] |

Vertical shaft (mm) 510

Horizontal shaft (mm) 90

Tip length (mm) 10

Body diameter (mm) 12

| Tip diameter (mm) 5.2 8 8
Distance from probe tip to dipole 27
centers (mm)
Dynamic range S/N L0006 | BSEN [1] IEEE [2]

Minimum (W/kg) 0.01 <0.02 0.01

Maximum (W/kg) >100 >100 100

N.B. only measured to > 100 W/kg

on representative probes

Isotropy (measured at 900MHz) | S/N L0006 | BSEN [1] IEEE [2]

Axial Probe at 0° 0.01 0.5 0.25

Probe at +20° 0.17
: Probe at £30° 0.28

Spherical Probe at £60° 0.58 N/A N/A

Probe at +90° 0.63

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. Outer case
materials are PEEK and heat-shrink
sleeving.

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.

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

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

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

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

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

[4) FCC KDB 865664

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

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

Document 75933584 Report 13 Issue 1 Page A.57 of A.91

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Probe
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Figure 1 Isotropy jig showing probe, dipole and box filled with simulated brain liquid (see Ref
[2). Section A5.2.1)

Figure 2 Schematic showing the innovative design of siot in the waveguide termination
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835 - 900 MHz (WG4) Head liquid 900 MHz

XY ——Z —o—Ta]

Tostrapy Crvar (@, 9o 0"

Figure 3 The axial isciropy of probe S/N L0008 obtained by rotating a S00MHZ Gipole with
probe tip aligned with dipole boresight (NB Axial Isotropy is frequency independent)

0 g
(polarization rotation) 0 _ & (probe rotation)

Figure 4 Residual Surface Isotropy at 900 MHz after cptimisation for axial isotropy
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1800 - 1900 (WGS) Head liquid 1800 MHz

10 2
z(mm)

[ —— Anaytical —— Measurements |

1800 - 1900 (WG3) Head liquid 1900 MHz
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2000 - 2500 (WG8) Head liquid 2100 MHz

10
Z(mm)

[—Am_-w[

2000 - 2500 (WGB) Head liquid 2450 MHz

10
2(mm)

J—w ~—— Measurements |

2000 - 2500 (WG8) Head liquid 2600 MHz

10
z(mm)

Hytcal —— Me

Figure 6. The measured SAR decay function aiong the centreline of the R22 waveguide with
conversion faclors adjusted to fit to the theoretical function for the particular dimension,
frequency, power and liquid properties employed.
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Spot SAR as a function of Dipole Feed Pow er

45
40
35
iao
z®
« 20
3 15
£
5
0
0 $ 10 15 20 25 30 3%
Dipole Feed Pow er (dBm)

Deviation from Linearity (dB)

Deviation from Linear (d8)

Spot SAR (dBm kg)

Figure 7. The typical linearity response of Smm probes to both CW (biue) and GSM (pink)
maodulation in close praximily 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 of 8 (ie 9dB)
lower than CW. The lower diagram shows the departure from lineanty of the same two

L

\ ! !_f I:
I,L/,M_w

Figure 8 X-ray poskNe image of Smm probes

'}
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(MHz) | Type Relative | Conductivity Relative | Conductivity Relative Conductivity Relative Conductivity
Permittivity (S/m) (S/m) Permittivity Permittivity
450 &8.142 0.845 435 087 15 29 Pass Pass
835 42.114 0.901 415 0.50 15 0.1 Pas P
P
900 4113 0.961 415 097 09 09 Pass, Pasn
1800 39.719 1428 400 1.40 0.7 20 Pata Pass
e Head
1900 0744 1.396 400 140 06 03 Pass Pass
2100 40 541 1463 98 149 19 -18 Pais Pass
—_— .
2450 39.265 1815 92 1.80 02 08 Paws Pas
2600 38715 1975 9.0 1.96 0.7 08 Pass Pass
Table of test equipment calibration status
3 P Suppher / e et enhtu:hn Cal certificate See | Cadbration
r Mar date number Annex due date
Rohade & »
Powes sermnor i NRP.Z23 100063 14082013 | 10-300287035 1 14002015
Rohde &
Power sermor S NRP.223 100160 06082014 1400-48811 2 08082016
(sbcite) -
DiLre cracknd
Dwdechric property (sermor lergths = agairet NPL " .
o Inesencsar 200men. 80 NA . WA A
and B0mm}) reference
Q08
Vecter neteor analyser Arvsu MSEL238 003102 17022015 | RMA20027002 3 170022016
SUA sutocelibeation Acensu WESIKKF N 001902 2012015 | RMA20021769 4 22012016
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Annex 1
Calibration Certificate of NRP-Z23 power sensor, SN 100063

%HDE&SCHWARZ

Calibration Certificate Certificate Number 10-300287035
Kalibrigrschein Zectfikatgnumemer
Unit Data T T ——,
P A Bt Fs mnmar | S s hene )
s g B e
e s e ats e b el
nary b
Wetsrww  ROHDE & SCHWARZ e Lol i
el e Rl e DL S
e NRP.223 Sy S e o
"-ﬂl.ﬂ:lmhlo
Mo it 1137800202  sesimmmser 100063 e ] o,
Aset B g b1 T vt aaonal §rviem
ST :m——-m—
w0 b waente By of B EAY
Order Data r—
b indexSAR Lid e piny el ety of ¢ e
i — rapend ek (N O 1T The
m—-brn—-wuu

B e el
Oakfield House, B e
— RHS 586G Newdigate h"‘"'"___'_‘.";‘:':_'__'
— G8 e ] o e i e b
[ —) D bl by b et Sams
- Cwdien Mgl b S
— g e e B )
l Dute ot Bocope 20130808 Ragetel m wner I Svagaredont vur
P e PN e e
Mesaratetad sd b o D
= Performance — '3
= Prmcn o Dot of C patr o Memmingen. 2013-08-14 o e B B! e ralewht
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Annex 2
Calibration Certificate of NRP-223 power sensor, S/N 100169
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Annex 3
Cahbration certificate of Annlsu MS46238 VNA

| Certificate of Calibration  Zinritsu |
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Date of lssue: 17022015 Certificate N*: RMAZ002T002
Customer: MDEXSARLTD Order No: Contract
Manufacturer: Ancitsu Company
Mool Serial Nurrber Descrption
MS46238 003102 VHA 10 MHZ 8 GHZ ACTIVE
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Head of Services (EMEA)
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Annex 4
Calibration certificate of Anntsu 36581KKF/1 auto-cal kit

Certificate of Calibration

Manut; Anritsu Company
i
Mode! Serial Number Description
. MS4623B 003102 VNA, 10 MHZ.6 GHZ ACTIVE
| 36581KKFN 001902 TESTED & CHARACTERIZED TO 6 GHZ

Head of Services (EMEA)
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S05 S

IMMERSIBLE SAR PROBE

CALIBRATION REPORT
Part Number: IXP - 050

S/N 0231

March 2015

Indexsar Limited
Oakfield House
Cudworth Lane

Newdigate

Surrey RHS 5BG

Tel: +44 (0) 1306 632 870
Fax: +44 (0) 1306 631 834

e-mail: enquiries@indexsar.com

Reproduction of this report is authonzed by Indexsar Lid provided the report s reproduced in its entirety
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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RH5 5BG

Tel: +44 (0) 1306 632 870

Fax: +44 (0) 1306 631 834
e-mail: enquiries@indexsar.com

Calibration Certificate 1503/0231
Date of Issue: 31 March 2015

Immersible SAR Probe
[Type P00 1
[ Manufacturer: IndexSAR, UK ]
| Serial Number: 0231 |
[ Place of Calibration: IndexSAR, UK |
[ Date of Receipt of Probe: 10 February 2015 ]
[ Calibration Dates: 25 Fobruary- 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 traceable to the
UK’s National Physical Laboratory.

Calibrated by: M Engineer
Approved by: XAH‘ 500 Director
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INTRODUCTION

Straight probes work on either SARA-C (to measure SAR values in flat
phantoms containing Body tissue simulant fluid), or on SARA2 (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 (S/N 0231) 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
liquid 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.

CALIBRATION PROCEDURE
1. Objectives
The calibration process comprises the following stages

1) Determination of the channel sensitivity factors which optimise 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 liquid 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 = Uop + Uop 2/ DCP (1)

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

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 IXP-020
probes with CW signals the DCP 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.

In turn, measurements of E-field are determined using the following equation:
Ese’ (V/im) =  Uyn * Air Factor,® Lig Factor,
+ Uy * Air Factor,” Liq Factor,
+ U,z * Air Factor;" Liq Factor; (3)
Here, “Air Factor” represents each channel's sensitivity, while “Liq 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, 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.

Since isotropy is frequency-independent, measurements are normally made at
a frequency of 900MHz as lower frequencies are more tolerant of positional
inaccuracies.

A S00MHz 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 liquid 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 liquid cell section is filled
with 900MHz 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 S00 times per second for 0.4 s. The raw U, data from
each sample are packed into 10 bytes and transmitted back to the PC
controller via an optical cable. Uy, Uiny and Uy, are derived from the raw
U,y 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 rmination of Vi n (" id") F t fr f
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 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 (z) from the
dielectric separator is given by Equation 4:

" 4 L _4(!’.'_!;) 3218
SAR(z)= WC (4)

Here, the density p is conventionally assumed to be 1000 kg/m®, ab is the
cross-sectional area of the waveguide, and Pyand P, 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).

6=[Rc{J(;r. a)’ + jou, (o + joe., )}] : (5)

where ois 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 &, 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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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 o 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 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 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.

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
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.

CALIBRATION FACTORS MEASURED FOR PROBE S/N 0231

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 from the probe tip in the direction of the probe

amplifier.

A value of 2.7 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 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 19 indicates the calibration status of all test equipment
used during probe calibration.

MEASUREMENT UNCERTAINTIES

A " bty

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

Source of uncertainty ey | St | ‘Dieer | & uncertanty ul ¢ ks
Forvard power I N 1.00 1 age -
Refocted power 400 N 1.00 1 409 -
Liquid conductiity 1.308 N 1.00 1 {1 -
Liquid pormittivity 1271 N 1.00 1 127 -
Field homogenadty 30 R 1.73 1 173 -
Probe positioning 022 R 1.7 1 013 -
Field probe knearity 02 R 1.73 1 012 -
Combined standard uncertainty RSS

Al the 55% confidence level, therefore, the expanded uncertainty is £12.4%

SUMMARY OF CAL FACTORS FOR PROBE IXP-050 S/N 0231

lysis for the SARA-C measurement system has been published in Reference 5] Table 17 from

Relative Channel Sensitivities
(to optimise Axial Isotropy)
X N g

COMMERCIAL-IN-CONFIDENCE

Z
Air Factors” 75.38 86.20 78.42 (V/im)’mVv
DCPs 100 100 100 mV
Measured Isotropy | (+/-) dB
Axial Isotropy* 0.05+0.01
Physical Information
Sensor offset (mm) 2.0
Elbow - Tip dimension (mm) 0.0
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PROBE SPECIFICATIONS
Indexsar probe 0231, 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 0231 BSEN [1] IEEE [2]
Overall length (mm) 350
Tip length (mm) 10
Body diameter (mm) 12
Tip diameter (mm) 5.2 8 8
Distance from probe tip to dipole 2.7
centers (mm)

Typical Dynamic range S/N 0231 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 S00MHz) S/N 0231 BSEN [1] IEEE [2]
Axial rotation with probe normal to 0.05 05 0.25
source (+/- dB)

NB Isotropy is frequency independent

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

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

NOT recommended for use with glycol
or soluble oil-based liquids.
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For a non-specific reference, the latest version applies.
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Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques

[3] IEC 62208-2
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices - Human models,
Instrumentation, and procedures — Part 2: Procedure to determine the
specific absorption rate (SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6
GHz)

[4) FCC KDB865664

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

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

Brain tissue
simulating

fiquid E > .~ Active dipole
1

\_________

Figure 1. Spherical isotropy jig showing probe, dipofe and box filled viith
simulated brain liquid (see Ref [2], Section A.5.2.1)

835 - 900 MHz (WG4) Head liquid 900 MHz

Figure 2. The axial isotropy of a typical IXP-050 probe obtained by rotating
the probe in a liquid-filled waveguide at 900 MHz. (NB Axial Isotropy is largely
frequency- independent)
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Figure 3. Geomelry used for waveguide calibration (after Ref [2] Secton
A3.22)
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Spot SAR as afunction of Dipole Feed Pow er

Spot SAR (dBmkg)

cad3r3REBRES

10 1% 20 25 30 ¥
Dipole Feed Pow er (dBm)

Deviation from Linearity (dB)

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 8 (ie 9dB) lower than CW. The lower
diagram shows the departure from linearity of the same two datasets.
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