COMMERCIAL-IN-CONFIDENCE

Product Service

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 peint and air factors used in the
coftware are the same as those quoted in the results tables, as these are
used to convert the diode output voltages to a SAR value.

CALIBERATION EQUIPMENT

The table on page 12 indicates the calibration status of all test equipme nt
wsed during probe calibration,

MEASUREMENT UNCERTAINTIES

A complate measurement uncertainty analysis for the SARA-C measurement system has been publshed in Reference [G]. Table 17 from
fhat descument ks re-created below, and ksts Ehe uncartainty tactors associated just with the calibration of probes.

Source of uncerfainty u:;::;? ;Tuﬁ'm Dinisor [ unosilq:-ur;g:l;dui! v_:r:
Forwmrd poreer 3az M .00 1 p3-r] -
Folected pavwar 409 N .00 1 408 +
Liyuid condisciily 1.308 M 1.00 9 .M -
Ligguid panmttivity 1371 N 1.00 1 1.7 -
Field homogenaity 30 [ 1,73 1 1.73 -
Prabd paatianing 022 R 1.73 1 013 =
Fiald probe Broarity o2 R 1.72 1 012 -
Combined standard uncersinty RSS .20

Al tha B5% confidance 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® .78 66.90 81.32 (Vim)imV
DCPs 100 100 100 mV

Measured Isotropy | (+/-) dB
Axial lsotropy® 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 [
Freauency | saR Conv [ S | Soecion | | S4RCom | Covechon | Coecton
0 | g 10 | dimen) |

450 031 0.90 1.7 o7 1.00
700 0313 089 1.7 0312 058
835 0.307 1.78 1.1 0.309 053 15
900 0. 081 16 0318 094 14
1800 0.357 0.70 15 0382 051 19
1900 0.392 076 18 0.398 058 18
2100 0.395 070 20 0434 062 15
2450 0.397 1.09 14 0440 1.04 12
2600 15 0445
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PROEBE 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]
Cwerall length {mm) F30
Tip length (mim) 10
Body diameter (mm) 12
Tip diameter (mm) 5.2 &8 &
Digtance from probe tip to dipole 27
centers (mm)

Typical Dynamic range SN 0204 BSEN [1] IEEE [Z]
Minimum (Wikg) 0.01 <0.02 0.01
Maximum (W/kg) =100 =100 100
M.B. only measured to = 100 Wikg
on representative probes

Isotropy {(measured at §00MHz) S/N 0204 BSEM [1] IEEE [2]
Axial rotation with probe normal to 0.05 0.5 0.25
source (+/- dB)

MB Isotropy is frequency independent

Construction Bach 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 TWEENZ2O
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 gil-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 referance, the latest version applies.

[1] IEC 62208-1.
Human exposure to radio freque ney fields from hand-held and bady-
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 (3AR) in the Human Head from Wireless
Communications Devices: Measurement Technigues

[3] IEC 62209-2
Human exposure to radio freque ney 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 &
GHz)

(4] FCC KDBBE5664
[5] Indexsar Report IX5-0300, October 2007,
Measurement uncertainties for the SARAZ system assessed against the

recommendations of BS EN 62208-1:2006

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1 .0.3. October 2011.
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Figure 1. Spherical isofropy fig showing probe, dipole and box filled with
simulated brafn lkjuld (see Ref [2] Section A.5.2.1)
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Figure 2. The axial isotropy of a typical |.XP-050 proba obtained 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. Geormelny veed for waveguide calibralion (after Ref [2]. Section
A322)
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Spot SAR az & function of Dipole Feed Power

o 3 0 5 ail 45 30 k-
Dipole Feed Power (dBm)

Daviation from Linearity (dB)

—— W
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Da~viation from Linear (d8)

Spot SAR [dBm kg)

Figure 4 . The typical linearity respanse of IXP-050 probes to both CW (blue)
and GSM (pink) modulation in clase proximity to a source dipofe. 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 lineanty of the same two datasets.
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Figure 5 : X-ray positive image of 5mm probes
Table indicating the diclectric parameters of the liquids used for calibratio ns al each frequency
T Weasured Targel % Deviation Verdict
Pemithity | (sim) Permittivity | {&im) Perminthatty | TOTISEY ] ittty | SOnUSHVIEY
450 A4EE 08454 43,8 LE (1] Q.7 Pz Pz
700 43,145 0.8 o232 L] 28 o1 Paimz Pams
B35 e 0,858 315 GED o oz Pass Fass
300 FIRE:] 0,557 35 087 09 EE Pes Foss
1800 Head 20,632 1,401 0.0 1.40 048 o1 Paa Pags
P ————
1800 A005T 1,304 0.0 1.40 0.1 0.3 Pares P
2100 43T 1.51 F08 1.40 13 1.3 P Pars
2480 5,00 1.845 ¥a2 150 0.4 T Pains Pams
2E00 38887 1872 a0 1.5 1.1 "1 Poiss Pans
480 5. 8% 0508 a7 LET] K] ] Pains Pams
o0 55,65 0 Gt £5.73 1056 0.4 ['E] Paims Pans
B35 55887 K rrd 552 0ar a.r or Pains Pams
500 54,857 1045 =5 105 03 05 Paiss Pass
A Body 52852 1,531 533 152 04 0.7 Pata Pass
1930 62065 1.524 533 1.&? 08 03 Paiess Py
Pl 53888 1818 32 182 1.3 .1 Pan [
2480 62,788 1,685 2.7 1895 a1 "] Pains Pasns
600 52,354 2179 525 .16 413 [E] Patia Pass
Table of test equipment calibration stalus
Inatisment dese Hoan HModel Sarial No. Mbratson | CHcwficats | Swe | Caibnation
RN | pacfmcturer ey nisenbar Anmex | dusdate
Fowie sensor RE “‘“‘;fz MER.ZT 100063 1ADRIA | 10-30008708S 1 14082015
[S— Ronce & NRPZZY 100163 DA | 1a00.4mE1Y z OBOAEG
fabranite] -
DL ChisCied
Dabecinic (ropaty {BrRar Wyrgths E=ngE P , ,
iectic props re— el e re e e Hid, i,
sl 0] refarence
Tuids
Wector network anadysar Arritsy MSHATEE ooma2 RS | RMASGOETED 3 17206
BMA ”I'“f‘xm Arritsy IEEBHICFH 01902 A0S | RMAZOZITES a 220ME08
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Calibration Certificate of NRP-Z23 power sensor, SN 100063
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Annex 2
Callbration Cerlficate of NRP-2Z23 power sensor, 3N 100180
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A sar,  AUTMLR Certificate Mumber 140048811
Saeial numbar 10: 1937 8002.02-100184-5)
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[ T Erragangacatum P SO
Aembsenl lemperaturn (Z3:2°C Rislathve bumidity 20 % - 60 %
Mg e TR Rt Luftinuchin

Tt Sidity Tuaifits = i of thi T iguiaali

Dot Kt vstignct i Fordensnpmn o Nerm | ochin

BTG BLRABAITR UBE (REVAG & ARAMRLEAL BAEY A LG REGTRLY)

Winrwiriderte Deeboiuchindrmals [me ugndioanten Eefon sl de

wm Trpa Barial SUMNDET | CANDVRGON CRTINCH NUMDe | AL due
| Gagerrinad Tup Sariansurnie o it el Ry L]

S page 2 of caleaton revos

(UGB (Uncerts by g Bandi: Maagunemand ncariainty viclates the datssheed mit

B A in PR B ik wisiia & 1l vl of bl than 38 % B scceplible
Coie Bastibtigung teer Konlormmillt 2 moghch, solein e i S8 VERrSuts vOr weniges! Bl 9574 skspmatel L
l.lGlJ lmm-ﬂﬂmmlm“ﬂ“m“‘-m
dher Macht- Maevorminin i1 mogich, soslem ein s5nad e Visrbausens von wenger Bis B mizeptabes!

|Cnnfo-rrnll.r statements take the measurement uncertainties into accownt

| il s Shiy bt
e e e e Pty of Coampiars sty hanad 5 d1 e iy
Motk
A angen
Paga (Sase] T =f T
Document 75930192 Report 12 Issue 1 Page A.67 of A.89

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Annex 3
Caiibration cerificale of Anrfsw MES6238 VA

Dateoflesue: 1102304 Cenificate H*:  RMAXG2T002 I
Customer: HDEXSAR LTD Ovder Ho: Contract
Mararfactiarer: Anritsy Company I
M| Serial Marmbser Description i
MS45238 bo3102 VA, 11 MHZ8 GHZ ACTIVE

I

i

s
statied specifications ot the measured parameters, and has been calibrated to the general ||
requerements of 150 17025 aganst nstruments whose accuracies are traceable to Nabional or ||
International Stamdards, where such standards are applicable. ]

i

raquired bl calibeation
Saety
safaty clkis

i

Murray
Head of Services (EMEA)

i

'|'hl T anel copaes. Fald on S af Arrt EMEA. Leniesd i
"ﬂ'" '%m-m’"m ot T FGAGIIT7S) i
it g3 i
l‘.‘-!IFIw i
4 Pingais) o inat resis i
i

|
I
|
|
|
i
| Anntsu EMEA Lamited does hereby certify the above ksted egquiprment complies
|
|
|
|
|
|
|
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Arnnex 4
Calibration cerificale of Anntsu 36 587KE/T aulo-cal kit

L

HOEKSARATE, LUTEH LUt 32
o UTED s hoa
CAHFELD HCUSE Tk~ (D) 8 587 4300505
MLE: - Faoc o iy o 2k 4344 F1
BURREY Bt w4oic 830w S
LRITED KRGDOM — —

Date of lasue: 20RO Cantificate N*: RMAZOGTE648

Cusiomer: IHDEXSAR LTD Ordar Ho: 1045ANR

M545218 003102 VMA_ 1D MHZ-6 GHZACTIVE {
IESA1KKFI 001902 TESTED & CHARACTERLZED TD 6 GHI i

Anritsy EMEA Limiled does hereby certify the above listed equipment complies fo published or
stated specifications at the measured parameters, and has been calibrated to the general |
requirements of IS0 17025 agains! inslruments whose accuracies are traceable 1o Mational or |
International Standard 5, wheare such standards ara applicable.

Within specification bofors calbemtion {yos )
Ropair requisnéd bilcrs calfbration (s ]

Laser saloty class

Blurray
Hoad of Services [EMEA)

Mote  Ovigeal caRDIBGON feSLRE BeR BEIASRG B copien Reld 2n e 81 Arsfiso EMIEA Limited
The Btiachesc FeS.E resiang Gl 10 TH IETUTNG LOIET CARDRIION
Arrey EMIA Limied Cualfy swviem o oorifesd o SO0 2000 (Serd. Mo, FOA DRR11TE)
ot

7y
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LI

IMMERSIBLE SAR PROBE
CALIERATION REPORT

Part Mumber: IXP = 050

S/N 0231

March 2015

Incdexsar Limited
Oakfield House
Cudworth Lane
Newdigate
Surrey RHS 5BG
Tel: +44 (0) 1306 632 870

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

Reproduction of this report is authorized bey Indexsar Lid provided thee report is reproducesd inifs entirety
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Indexsar Limited

Oakfield House

Cudworth Lane

Newdigate

Surrey RHS 5BG

Tel: +d4 ((0) 1306 632 870

Fax: +44 (0) 1306 6371 834
e-mail: enguiries@ingdexsar.com

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

Illlruﬁnh-ﬂ'. indexSAR, UK I

| Serial Number: 023 |

Place of Calibration: IndexSAR, UK
I |

[ Date of Receipt of Probe: 10 February 2015 |

| calibration Dates: 25 February- 13 March 2015 |

|vl:lmumlr. TUY Sud |

IndexSAR Ltd hereby declares that the IXP-050 Probe named abowe has been
calibrated for conformity 1o the current versions of IEEE 1528, IEC 622081, |IEC 62209-
2, and FCC 5AR stamdards 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 Enginoer

ar
Approved by: k&b{q _ Director

FPiease keep this cedificate with the calibration document, When the probe is
sent for a calfbralion check, please include the calibration document,
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INTRODUGTION

Straight probes work on either SARA-C (to measure SAR valuss in flat
phantoms containing Body tissue simulant fluid), or on SARAZ (where they,
too, can measure in a flat phantom with Body fluid, or in a SAM phantomn
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,
fallow the recommendations of IEC 62209-1 [Ref 1], IEEE 1528 [Ref 2], IEC
62200-2 [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 canconical test geometries
{(waweguides) using normalised power inputs.

Each ste p 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.
Consaguently, they can Bbe combined to madel 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 Reffs
[1]- [4). The following equation is utilized for each channel.

Uin = Ugp + Uap ‘I DCP (1)

where Uy, is the linearised signal, U,y is the raw sutput signal in mv and DCP
is the diede compression potential, also in mV.

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 DCF values are typically 100mV,
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For this value of DCP, the typical linearity response of 1XP-050 probes to CW
and to GSM modulation is shown in Figure 4, aleng with departures of this
same dataset from linearity,

In turn, measurements of E-field are determined using the fellowing equation:
Em;2 {(Wim) =  Ujne * Air Factor,” Lig Factor,

+ Uy, " Air Facter,” Lig Factor,
+ Uy * Air Factor,” Lig 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
fissue-simulant liguids at each frequency of interest,

Within SARA-C, an L-probe’s predominant mode of operation is with the tip
peinting directly towards the source of radiation. Conseguently, optimising the
probe's response to boresight signals (“axial isotropy™) is far more impartant
than optimising its spherical isotrapy (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 mormally 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
waweguides 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 airliquid interface.

The wawveguide 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 fram 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 exacthy 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 so fware 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 5. The raw U, data from
each sample are packed into 10 bytes and transmitted back to the PC
controller via an optical cable. Uy, Winy @and Wy, are derived from the raw
Uy 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 sutput from each diode sensor as a function of probe
ratation angle.

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 betwee n 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 theorstical relationship between the SAR at the cross-sectional centre of
the lossy waveguide as a fumction of the longitudinal distance (z) from the
dielectric separator is given by Equation 4:

S{'U{{:j=4{£"_!,:]|l’ 1508 {4}
pabkd

Here, the density p is conventionally assumed to be 1000 ka/m®, ab is the
cross-sectional area of the waveguide, and Prand F, are the forward and
reflected power inside the lossless section of the waveguide, respectively.
The penelration depth & (which is the reciprocal of the waveguide-mode
attenuation coeflicient) is a propery of the lossy liquid and is given by
Equation (3).

-:b“=[Rc{J{x a) + jau, (o+ jwe.g, }}] 1 (5)

where gis the conductivity of the tissue-simulant liquid in Si/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
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temperature- and fluid-dependent, 20 are best measired 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
g 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
forward and reflected power.

Different waweguides are used for 700MHz, 835/900MHz, 1420MHz,

18001 900MHz, 2100/2450/2600MHz and 5200/5800MHz measureme nts.
Table A1 of [1] can ke used for designing calibration waveguides with a
return less greater than 20 dB at the most important frequencies used for
personal wireless communications, and better than 15dB for frequencies
greater than 2GHz, Values for the penetration depth for these specific fixtures
and tissue-simulating mixtures are also listed in Table A.1.

According te [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 faken
and written to an Excel template file before moving the probe verically
upwards. This cyecle 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
2GHz,

Once the data collection is complete, a Solver routing 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 30 5AR scan over a tuned dipole is performed, and the conversion

factor adjusted to make the measured 19 and 10g velume-averaged SAR
values agrea with published targats,

GALIBRATION FACTORS MEASURED FOR PROBE S/N 0231

The probe was calibrated at 700, 835, 900, 1800, 1900, 2100, 2450 and 2600
MHz in liguid 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
te 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 380 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 27 mm should be used for the tip 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 5).

It is important that the diode compression peint and air factors used in the
software are the same as those quoted in the resulls tables, as these are

Product Service

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 prabe calibration,

MEASUREMENT UNCERTAINTIES

A complete measurement uncerta inty analysis for the SARA-C measurement system has been published in Reference ). Table 17 from
thad documen! is re-created below, and lists the unce rainty faclors associated just with the calibration of probes

nclard

Source of uncamalnty “:u':::":" gropabid | Divisar | e ul'-tsl}:t:\hd 3 e
Forwand powet Jaz H 1.00 1 i) -
FroMactad poser 4.09 N 1,000 1 4109 =
ILiyuid conductiity 1.308 N 1,00 1 13 =
Liguid penmittivity 1271 N 1.00 1 1.27 -
Fiold homogenatty il R 1.73 1 173 =
Probo positioning 022 R 1.73 1 013 -
Fiekl probe lirscarity 02 R 1.73 1 012 -
Combined standard uncerfainty RSS 620

Al the 95% comfidence level, therefore, Bhe expanded uncertainty is 212.4%

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

Relative Channel Sensitivities
({to optimise Axial Isotropy)

X Y Z
Air Factors* 75.38 86.20 78.42 (VimyimV
DCPs 100 100 100 my
Measured Isotropy | (+/-) dB
Axial Isotropy® 0.05+0.01
Physical Information
Sensor offset (mm) 27
Elbow = Tip dimension (mm) 0.0
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SAR Conversion Factors! Boundary Corrections
Head Fluid Body Fiukd
= | SAR cony | B0Undary | Boundary | | can comy | BoUNdary | Boundary
(MHz) Factor | °° !'EJ'“H:“ H!E"Hl" Factor = l)!I"IH“ S imme
450 0274 1.00 1.60 0.270 0.80
700 0.268 0.88 151 0.270 092 153
B35 0292 1.09 143 0.2 050 1.67
800 0.208 073 182 0.289 087 1.40
1300 0.348 068 183 0.365 0.46 206
1900 0.362 0.60 182 0.288 0.48 182
2100 0.382 0.66 228 0,443 058 1.49
2480 0.407 1.08 141 D447 1.00 158
0.ar

Thar viled] bricpaincy of SARAC proba cabbratsons ane 1100WHE (F<300MHE) arc) a200MHE (F>3000HZ)
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PROBE SPECIFICATIONS
Indexsar probe 0231, along with its calibration, is compared with BSEN
62208-1 and |[EEE standards recommendations (Refs [1] and [2]) in the:
Tables below. A listing of relevant specifications is contained in the tables
belaw:

Dimensions S/N D231 BSEN [1] IEEE [2]
Overall length (mim}) 350
Tip length {mm) 10
Body diameter (mm) 12
Tip diameter (mm) 5.2 8 &
Distance from probe tip to dipole 2.7
centers {(mm})

Typical Dynamic range SN 0231 BSEN [1] IEEE [Z]
Minimunm (Wikg) 0.01 =0.02 0.0
Maximum (VW/ka) =100 =100 100
MN.B. only measured to = 100 Wikg
on representative probes

Isotropy (measured at 900MHz) SN 0231 BSEN [1] IEEE [2]
Axial rotation with probe nomal to 0.05 0.5 325
source {+/- dB)

NB lIsotrapy 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
coverad at the tip by PEEK cylindrical
enclosure material. Mo adhe sives are
used in the immersed section. Cuter
case materials are PEEK and heat-
shrink sleeving.

Ghemical 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.

MOT 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 nen-specific,

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

[1] IEC 62208-1.
Human exposure to radio frequency fields from hand-held and body-
mounted wirele ss communication devices — Human models,
instrumentation, and procedures — Part 1: Procedure to determine the
specific absorption rate (SAR) for hand-held device s 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 B82209-2
Human exposure to radio frequency fields from hand-held and body-
mounted wirele ss communication devices = Human models,
Instrurnentation, 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 KDB36S664

[5] Indexsar Report |X5-0300, October 2007,

Measurement uncertainties for the SARAZ system assessed against the
recommendations of BS EN 62209-1:2006

[B] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011,
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Brain tissue
simulating

I
liquid : s .~ Active dipole
I
i

'\l_________
th

Figure 1. Spherical isofropy jig showing probe, dipole and box fiifed with
simulated brain liquid (see Ref [2], Section A.5.2.1)

835 - 900 MHz (W G4) Head liquid 200 MHz

etod oooo
© i il i .

Figure 2. The axial isofropy of a fypical IXP-050 probe obtained by rofating
the probe in & liguid-fifled waveguide at 800 MHz. (NB Axial Isotropy is largely
fraquency- indepandant)
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=3a
Lossy
Liguid
Dielectric 5
Slab ~ | //
ﬁwnﬁ;m
b
a
Frgure I Geomelry wssd forwaveguide calibration (after Ref [2] Secton
A322)
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Spot 5AR as @ function of Dipole Feed Pow er

Q 5 10 15 20 25 30 kL
Bipole Feed Pow er {dBm)

Deviation from Linearity (dB)

Devistion from Linear (dB)

-0
.15

Spot SAR (dBm k)

Figure 4 . The typical lingarity response of | XP-050 probes to both CW (blue)
and GSM (pink) modulation in close proximity to a source dipole. The fop
diagram shows the SAR reading as a funclion of dipole feed power, with GEM
modulation being approx a factor of 8 (ie 9dB) lower than CW. The lower
diagram shows the departure from lineanty of the same fwo datasets.
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Figure 5 : X-ray positive image of Smm probes
Tabbe indicating the dielectric paramete rs of the Nquids used for calibratioms at each frequency
Wheasured Targel % Deviation Verdict
s Retative | Conductiviy || Relative Tconuctiity || Retative ooy ||| Rotmtie To o
Piimittiaty (S Pirmattivity S} Pirmistivity Pamithaty
50 43545 0.865 435 087 0.1 05 Pass Plis
T00 43,348 08828 427 05D 18 01 Pi &g P
[ 4155 [ 415 ) (X 02 Pass Pass
i 41138 0857 A5 aar 48 OE] Pil s Phiss
1800 30,008 1,408 300 1.40 e [ Pass Fass
0500 40,052 1,403 40,0 1,40 [X] [F] Pass Paist
200 40.315 1513 308 1.49 1.3 15 Pass Pliis
2480 39.275 1,765 302 1.80 0.1 19 Pass Pais
—

2600 38,654 1042 300 156 0.9 09 Pass Parss
. S S . | S e | I e e ———" — |
450 685 2942 8,7 Q94 03 03 P i P
T00 55,068 0063 £5.73 095 04 04 Pa s Pairts
[ 55.584 00TF 55.2 aar (K (K] Pass Pass
[ 54,543 1,043 55 1.05 0.1 8.7 Pass Frass
1800 52 807 1518 533 152 08 CE] Pass Frans
1500 £2.565 1524 £33 1.52 095 03 Pass Pliis
Fa] £3.858 1501 £3.2 152 1.2 12 Pags Pairtcs
248D 52.774 1972 52.7 185 0.1 1.1 Pa s Parss
2600 52,354 2175 525 .16 E o7 Pass Frss

Tabde of test equipment calibration stalus
i Supplier | R e Galcertificale | Se | Galiteratien |
[ 45 duts nusTsbar A P, due dabs |
Rohde & " . e
Power sensor Fr— HRP-Z23 100053 S0a013 10300287035 1 14082115 E
Prwer senscr R HRP-ZZ3 100169 DEOE14 1400-48811 2 oanez0ts |
[akasiuie) —
Calire chacked
i | woemar | e | | e s s
| ] EB0wTe) rifererce
| by
W bWk Srd R : Arfitiy M36A5R Q0a102 RELiini) bl RMAXCZT02 i | 1TAIERG
SMhsocalbaton | e MR e 2mRng | RMAzDTE 1 2aan s |
| i
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Annex 1
Calibration Certificale of NRP-Z23 power sensor, SIN 100063
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Calibration Cerificate of NRP-223
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power sensor, SN 100168
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Materisl number  1137.8002.02
mw,,;,' i p— Cartificate Number 1400-48811
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Annex 3
Cafibration cerificale of Anmfsy M345238 VA

Ei
i Certificate of Calibration

Date of lsaue: TTbErE Certificate W RAZSOZT 003
Cusfiomer: INDEXSAR ILTD Order Ho: Contract

|l wodel Srsizad Hurmler Cecription
M50 nainge WA VO MHZ S GHE ACTIVE

MEmmmwwhmmmlmem
stated specifications a1 the measwred parameters, and has been calibrated to the
mﬂlﬁﬂi’mwmﬂnummmﬂthHMa

Intermational Standards, such standiards mre applicable.

1

Finpeir raguined bsfors caltration (e )
Blectrical Safety (yes )
Lager safety class i fl
Auptharised Saprabee
Miagvay
Heaed of © Services (EMEA)
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Annex 4
Cabbration cerificate of Annfsu 26581 KKE awuto-cal kit

DAKFELD HUSE Tl vdd () A2 432208
m@nﬂr&m Famc+dd () 1542 455575
e rmasl: Barvom e Brnim cxm ]
Duwte of Issue: 20015 Cartificate N RMAICOZEEAE 1
Customaer: IHDEXSAR LTD Ordlar Mo: 1M45AMR ]
I
M urer: Anritsu ¥ I

Lt

MEAGIIR 0032 VHA N MHEE GHEACTIVE I
IESBTKKFM 001902 TESTED & CHARACTERIZED TO 6 GHZ

Anritsu EMEA Limited does hereby certify the above listed equipment complies. to published o
stabed specifications al the measured parameters, and has been calibrated o the general
requiremants of 50 17025 agains! instruments whose accuracies are fraceable to Mational or
Intermational Standards, whers such standards are applicable.

Withén specification before cakbration [yes )
Repair requinnd bfors colitration [na )
Elactrical Sadety [yes )
Lasaor salety dass { )
Muhorised Signature
Murray
Head of G r Sonvices (EMEA)
Meisc.  Crighl cularnion rewes e mnched e copiet ke or B M Arvic; EMIEA Linsaad
The attachesd resuity nostn ok 15 e WeRTUTL SN Gadbnson
Aortosy (NI, Limitd] Guualty wystons i <orifad 50 15090072000 [Todt ho. FOA 0353175)
This. Castificate compisen of
Cavtificate of Calibraton
Ragart
13 Praggain) oo bsat rea ity
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ANNEX B

DIPOLE CALIBRATION REPORTS
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Test Equipment Number (TE): 3857
Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration:  19/02/2014 Report Number: 26553

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the

Calibration Expiry Date: 19/02/2017 Page 1 of 6

requirement of the specification, unless otherwise stated above. The quality control arrangements
adopted in respect of these tests have accorded with the conditions of our UKAS registration. The
uncertainties are for an estimated confidence probability of not less than 95%.

Manufacturer: Speag
Item: Dipoles
Model: D835Vv2
Serial No: 447

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

ambient temperature of 22.6°C +3°C @ 43.9% RH +10% RH. The mains voltage was 240V +10%.

M-

Calibration Engineer:

N. R. Grigsby
(T
Approved Signatory: L/M(
A.T. Pearce
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Calibration Classification and Key to Results

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

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

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

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

( ) Class R: The instrument was repaired prior to calibration. Refer to enclosed repair report for details.
Test Equipment Used On This Calibration

Make & Model Description Calibration Due TEID
Rehde & Schwarz: NRV-Z1 Power Sensor 14/06/2014 TEQOE0
Hewlett Packard: ESG4000A Signal Generator 22/05/2014 TEOOG1
Narda: 766F-20 Attenuator (20dB, 20W/) 13/06/2014 TE0483
Hewlett Packard: 87530 Metwork Analyser 23/04/2014 TE1149
Hewlett Packard: 850544 'N' Calibration Kit 2412/2014 TE1308
IndexSar Ltd: 7401 (VDC0830-20) Bi-directional Coupler TE2414
IndexSar Ltd: VBM2500-3 Vfalidation Amplifier (10MHz - 2.5GHz) TE2415
Rotronic: 1-1000 Hygromer 03/04/2014 TE2784
Rohde & Schwarz, NRV- Z5 Power Sensor 14/06/2014 TE2878
Rehde & Schwarz: NRVD Dual Channel Power Meter 14/06/2014 TE3259
R.S Components: Meter 615-8208 & Type K T/C Meter & T/C 08/07/2014 TE3612
IndexSar Ltd: Cartesian Leg Extension Part of SARAC System TE4078
IndexSar Ltd: SARAC Cartesian 4-axis Robot TE4079
IndexSar Ltd: White Benchtop Fart of SARAC System TE4080
IndexSar Ltd: Wooden Bench Part of SARAC System TE4081
IndexSar Ltd: IPX-050 Immersible SAR Prcbe 07/03/2015 TE4313
IndexSar Ltd: IXB-2HF 700- 6000MHz Flat Phantom TE4400
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Dipole impedance and return loss

The dipoles are designed to have low return loss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Network Analyser (VNA) was used to perform a return loss measurement on the specific dipole when
in the measurement-location against the box phantom. The distance was as specified in the standard i.e. 15mm from the
liquid (for 835MHz).

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

; ; Re{Z} =47.30 Q
Dipole impedance at 835MHz Im{Z} = 156 O

Return loss at 835MHz -29.77 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

The measurements repeated against Body fluid:
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: : Re[Z1=4668 0
Dipaole impedance at 335MHz Imi7] = 7.08 0
Return loss at §35MHz -21.90 dB

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

SAR validation Measurement in Brain Fluid

SAR validation checks have been performed using the 335MHz dipole and the box-phantom located on the SARA-C
phantom support base on the SARAC robot system. Tests were then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of 1WA (forward power). The ambient temperature was 22 5°C and the relative humidity was 43.9% during the

measurements.

The phantam was filled with 835MHz brain liquid using a recipe from [1], which has the following electrical parameters
{measured using an Indexsar Diline kit) at 335MHz at the measurement temperature:

Relative Permittivity 4167
Conductivity 0.895 S/m
Fluid Temperature 2286 °C

The SARA-C software version v6.08.11 was used with Indexsar XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 30 measurement made using the dipale at the bottom of the phantom box is shown below:

Z wertical tmm)
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The validation results normalised to an input power of 1% forward power) were:

Measured SAR Measured SAR values Target SARvalues
values QATk) Ak ik derived from
(250rA input (Morrnalised to 1w feed system validation
power) powveer) and % Yariance fram (Mormalised to 14y
target Value, feed power)
Measured | % “ariance
1q SAR 2.65 10.55 193 10.35
10g SAR 1.73 585 212 574
Allvalidation measurements are with £ 10% of Target values as reqguired in standards [1][2][3][4]

SAR Measurement in Body Fluid

SAR walidation checks have been performed using the 835MHz dipole and the box-phantom located on the SARA-C
phantom support base on the SARAC robot system. Testswere then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of W (forward power). The ambient temperature was 22.9°C and the relative humidity was 35.4% during the

measurements.

The phantam was filled with 335MHz body liquid using a recipe from [1][4], which has the following electrical parameters
{measured using an Indexsar Diline ki) at 835MHz at the measurement termperature:

Relative Permittivity 566
Conductivity 1.006 S/m
Fluid Temperature 225 °C

The SARA-C software version vB6.08.11 was used with Indexsar XP_050 probe Serial Number 204 previously calibrated
using waveguides,

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

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

Measured SAR Measured SAR values Target SAR values
values (Wikg) (Wika) (W/kg) derived from
(250mW input (Normalised to W feed system validation
power) power) and % Variance from (Normalised to 1TW
target Value. feed power)
Measured | % Variance
1g SAR 265 10.56 2.01* 10.35*
10g SAR 1.77 7.08 460" 6.74*

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

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

References

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

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

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

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

[4] FCC KDB 865664 D01 SAR Measurement 100MHz to 6GHz VO1r03
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Test Equipment Number (TE): 3876

Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration:  19/02/2014 Report Number: 26575

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the

Calibration Expiry Date: 19/02/2017 Page 1 of 6

requirement of the specification, unless otherwise stated above. The quality control arrangements
adopted in respect of these tests have accorded with the conditions of our UKAS registration. The
uncertainties are for an estimated confidence probability of not less than 95%.

Manufacturer: Speag
Item: Dipoles
Model: D1900V2
Serial No: 546

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

ambient temperature of 22.4°C £3°C @ 43.4% RH £10% RH. The mains voltage was 240V +10%.

M-

Calibration Engineer:

N. R. Grigsby
Approved Signatory: ﬁ/g/{cw
A.T. Pearce
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Calibration Classification and Key to Results

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

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

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

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

( ) Class R: The instrument was repaired prior to calibration. Refer to enclosed repair report for details.
Test Equipment Used On This Calibration

Make & Model Description Calibration Due TEID
Rohde & Schwarz: NRV-Z1 Power Sensor 14/06/2014 TEQOE0
Hewlett Packard: ESG4000A Signal Generator 22/05/2014 TEOOG1
Narda: 7T66F-20 Aftenuator (20dB, 20W) 13/06/2014 TEO483
Hewlett Packard: 87530 Metwork Analyser 23/04/2014 TE1149
Hewlett Packard: 85054A 'N' Calibration Kit 241212014 TE1308
IndexSar Ltd: 7401 (VDC0830-20) Bi-directional Coupler TE2414
IndexSar Ltd: VBM2500-3 Vfalidation Amplifier (10MHz - 2.5GHz) TE2415
Rotronic: 1-1000 Hygromer 03/04/2014 TE2784
Rohde & Schwarz: NRV- Z5 Power Sensor 14/06/2014 TE2878
Rehde & Schwarz: NRVD Dual Channel Power Meter 14/06/2014 TE3259
R.S Compenents; Meter 615-8208 & Type K T/C Meter & T/C 08/07/2014 TE3612
IndexSar Ltd: SARAC Cartesian 4-axis Robot TE4079
IndexSar Ltd: White BEenchtop Part of SARAC System TE4080
IndexSar Ltd: Wooden Bench Fart of SARAC System TE4081
IndexSar Ltd: IPX-050 Immersible SAR Prcbe 07/03/2015 TE4313
IndexSar Ltd: IXB-2HF 700- 6000MHz Flat Phantom TE4400
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Dipole impedance and return loss

The dipoles are designed to have low return loss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Network Analyser (VNA) was used to perform a return loss measurement on the specific dipole when
in the measurement-location against the box phantom. The distance was as specified in the standard i.e. 10mm from the
liquid (for 1900MHz).

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

; ; Re{Z} =47.36 Q
Dipole impedance at 1800MHz Im{Z} =-1.06 0

Return loss at 1900MHz -30.59 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

The measurements repeated against Body fluid:
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2 ; RefZ1=4946 0
Dipole impedance at 1900MHz mZl=506 0
Return loss at 1900MHz -25.73 dB

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

SAR Validation Measurement in Brain Fluid

SAR walidation checks have been performed using the 1900MHz dipole and the box-phantorn located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the resuls obtained to the standard input power conditions
of 1WA (forward power). The ambient temperature was 22.4°C and the relative hurmidity was 43.4% during the
measurements.

The phantom was filled with 1900MHz brain liquid using a recipe from [1], which has the following electrical parameters
{measured using an Indexsar DiLine kit) at 1900MHz at the measurement temperature:

Relative Permittivity 3928
Conductivity 1433 S/m
Fluid Temperature 226 °C

The SARA-C software version v5.08.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

The 30 measurement made using the dipole at the bottorn of the phantom box is shown below:
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The validation results normalised to an input power of 1% forward power) were:

Measured SAR Measured SAR values Target SARvalues
values QATk) Ak ik derived from
(250rA input (Morrnalised to 1w feed system validation
power) powveer) and % Yariance fram (Mormalised to 14y
target Value, feed power)
Measured | % “ariance
1q SAR 1037 41.28 3.10 40.04
10g SAR 5 464 21.75 217 21.29
Allvalidation measurements are with £ 10% of Target values as reqguired in standards [1][2][3][4]

SAR Measurement in Body Fluid

SAR walidation checks have been performed using the 1900MHz dipole and the box-phantom located on the SARA-C
phantom support base on the SARAC robot system. Testswere then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of W (forward power). The ambient temperature was 22.2°C and the relative humidity was 49.1% during the

measurements.

The phantam was filled with 1900MHz body liquid using a recipe fram [1]4], which has the following electrical
parameters (measured using an Indexsar DiLine kit) at 1900MHz at the measurement temperature:

Relative Permittivity 5321
Conductivity 1596 S/m
Fluid Temperature 227 ¢

The SARA-C software version vB6.08.11 was used with Indexsar XP_050 probe Serial Number 204 previously calibrated

using waveguides,

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

lmm

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

Measured SAR Measured SAR values Target SAR values
values (Wikg) (Wika) (W/kg) derived from
(250mW input (Normalised to W feed system validation
power) power) and % Variance from (Normalised to 1TW
target Value. feed power)
Measured | % Variance
1g SAR 10.12 4029 0.63* 40.04*
10g SAR 5.38 21.41 0.54** 21.29*

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

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

References

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

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

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

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

[4] FCC KDB 865664 D01 SAR Measurement 100MHz to 6GHz VO1r03
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Test Equipment Number (TE): 3875
Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration: 19/02/2014 Report Number: 26576

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the

Calibration Expiry Date: 19/02/2017 Page 1 0f 6

requirement of the specification, unless otherwise stated above. The quality control arrangements
adopted in respect of these tests have accorded with the conditions of our UKAS registration. The
uncertainties are for an estimated confidence probability of not less than 95%.

Manufacturer: Speag
Item: Dipoles
Model: D2450V2
Serial No: 715

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

ambient temperature of 22.6°C +3°C @ 34.0% RH +10% RH. The mains voltage was 240V +10%.

M-

Calibration Engineer:

N. R. Grigsby
/ -":‘M,\_,
Approved Signatory: JZ//
A. T. Pearce
Document 75930192 Report 12 Issue 1 Page B.14 of B.19

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

Report N2 26576
Page 2 of 6

CALIBRATION LABORATORY REPORT

TUV SUD Product Service

Calibration Classification and Key to Results

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

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

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

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

( ) Class R: The instrument was repaired prior to calibration. Refer to enclosed repair report for details.
Test Equipment Used On This Calibration

Make & Model Description Calibration Due TEID
Rohde & Schwarz: NRV-Z1 Power Sensor 14/06/2014 TEQOE0
Hewlett Packard: ESG4000A Signal Generator 22/05/2014 TEOOG1
Narda: 7T66F-20 Aftenuator (20dB, 20W) 13/06/2014 TEO483
Hewlett Packard: 87530 Metwork Analyser 23/04/2014 TE1149
Hewlett Packard: 85054A 'N' Calibration Kit 241212014 TE1308
IndexSar Ltd: 7401 (VDC0830-20) Bi-directional Coupler TE2414
IndexSar Ltd: VBM2500-3 Vfalidation Amplifier (10MHz - 2.5GHz) TE2415
Rotronic: 1-1000 Hygromer 03/04/2014 TE2784
Rohde & Schwarz: NRV- Z5 Power Sensor 14/06/2014 TE2878
Rehde & Schwarz: NRVD Dual Channel Power Meter 14/06/2014 TE3259
R.S Compenents; Meter 615-8208 & Type K T/C Meter & T/C 08/07/2014 TE3612
IndexSar Ltd: SARAC Cartesian 4-axis Robot TE4079
IndexSar Ltd: White BEenchtop Part of SARAC System TE4080
IndexSar Ltd: Wooden Bench Fart of SARAC System TE4081
IndexSar Ltd: IPX-050 Immersible SAR Prcbe 07/03/2015 TE4313
IndexSar Ltd: IXB-2HF 700- 6000MHz Flat Phantom TE4400
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Dipole impedance and return loss

The dipoles are designed to have low return loss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Network Analyser (VNA) was used to perform a return loss measurement on the specific dipole when
in the measurement-location against the box phantom. The distance was as specified in the standard i.e. 10mm from the
liquid (for 2450MHz).

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

; ; RefZ} =47.69 0
Dipole impedance at 2450MHz Im{Z) = 2.627 0

Return loss at 2450MHz -28.63 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

The measurements repeated against Body fluid:
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; ; RefZl=4587 ()
Dipole impedance at 2450MHz TmiZL=0.41 00

Return loss at 2450MHz -27.32 dB
Standards [1][2][3][4] call for dipoles to have a return loss better than 20dB

SAR Validation Measurement in Brain Fluid

SAR walidation checks have been performed using the 2450MHz dipole and the box-phantorn located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the resuls obtained to the standard input power conditions
of 1WA (forward power). The ambient temperature was 22 6°C and the relative hurmidity was 34.0% during the
measurements.

The phantom was filled with 24508Hz brain liquid using a recipe from [1], which has the following electrical parameters
{measured using an Indexsar Diline kit) at 2450MHz at the measurement temperature:

Relative Permittivity 39.11
Conductivity 1797 S/m
Fluid Temperature 226 °C

The SARA-C software version v5.08.11 was used with Indexsar [XP_050 probe Serial Number 204 previously calibrated
using waveguides.

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

Wem
Mo oW & @m0 @
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The validation results normalised to an input power of 1% forward power) were:

Measured SAR Measured SAR values Target SARvalues
values QATk) Ak ik derived from
(250rA input (Morrnalised to 1w feed system validation
power) powveer) and % Yariance fram (Mormalised to 14y
target Value, feed power)
Measured | % “ariance
1q SAR 1364 4,30 250 52,95
10g SAR £.39 2545 248 24.83
Allvalidation measurements are with £ 10% of Target values as reqguired in standards [1][2][3][4]

SAR Measurement in Body Fluid

SAR walidation checks have been performed using the 2450MHz dipole and the box-phantom located on the SARA-C
phantom support base on the SARAC robot system. Testswere then conducted at afeed power level of approx. 0.25WY.
The actual power level was recorded and used to normalise the results obtained to the standard input power conditions
of W (forward power). The ambient temperature was 22.8°C and the relative humidity was 30.2% during the
measurements.

The phantam was filled with 2450MHz body liquid using a recipe fram [1]4], which has the following electrical
parameters (measured using an Indexsar DiLine kit) at 2450MHz at the measurement temperature:

Relative Permittivity 5109
Conductivity 1983 S/m
Fluid Temperature 227 ¢

The SARA-C software version vB6.08.11 was used with Indexsar XP_050 probe Serial Number 204 previously calibrated
using waveguides,

The 30 measurement made using the dipole at the bottormn of the phantom box is shown below:
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The validation results normalised to an input power of 1W (forward power) were:

Measured SAR Measured SAR values Target SAR values
values (Wikg) (Wika) (W/kg) derived from
(250mW input (Normalised to W feed system validation
power) power) and % Variance from {(Normalised to 1W
target Value. feed power)
Measured | % Variance
1g SAR 13.47 53.64 125" 52.98*
10g SAR 6.37 25.36 2.13* 24.83*

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

*Variance against target values (W/kg) derived from system validation with brain fluid.
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communication devices — Human models, instrumentation, and procedures — Part 2: Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close proximity te the human body (frequency range of 300
MHz to 6 GHz) (IEC 62209-2:2010)

[4] FCC KDB 865664 D01 SAR Measurement 100MHz to 6GHz VO1r03

Document 75930192 Report 12 Issue 1 Page B.19 of B.19

COMMERCIAL-IN-CONFIDENCE



