MEASUREMENT UNCERTAINITIES

COMMERCIAL-IN-CONFIDENCE

A comiplels measu rement uncertainty analysis for the SARA-C measurement syslem has been publshed in Reference [E]. Table 17 from
that document is re-created below, and ksts the uncaerainky factors associaled just with the calibration of probes.

Standard
Souwrce of uncertainty m”‘“” ;’m&’“ Dhvisor | & luncertainty uis "'::
Forveard poswar 5482 M 1.00 1 362 -
Raflsctod paand &09 ] .00 1 .0 =
Liquisd conducthvity 1.308 M 1.00 1 1.3 -
Liquid pormrettity 1271 H 1.00 1 127 -
Fialdl homagenady a0 ] 1.73 1 1.73 -
Prob-o positioning 22 B .72 ] .13 -
Fiald probe linearity o2 R 7 i X -
Comibined standard uncertainty RSS [ s | |

A1 the §5% confidence level, tharefore, the expanded uncoedainty is £12.4%
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SUMMARY OF CAL FACTORS FOR PROBE 1XP-025 S/N G0006
Relative Channel Sensitivities
(to optimise Axial Isotropy)
X Y z
Air Factors® 366.37 42751 166.12 (Vimyimv
DCPs 100 100 100 mvy
+/-
Measured Isotropy | ‘5o
Auxial Isotropy® 0.08
Physical Information
Sensor offset (mm) 1.39
Elbow — Tip dimension (mm) 0.0
Page 9 of 18
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SAR Conwersion Factors) Boundary Corrections

Head Fluid Body Fluid
Boundary | Boundary Boundary | Boundary
Frequency™ | SAR Conv SAR Conv
{Hz) Factor | COMection | Correction Fact Caorrection | Comection | Notes
LI dijrmam) 10} dh{rram])
5200 050 032 16 0.83 058 1.0 12
5500 054 0.33 18 0.4 113 1.0 12
£200 082 0.28 1.8 .07 0 1.9 12
| Notes
B | BT

*] ] i
Thr waled fenpcumncy of SARAC probe cabtrabons ang & 10CAE [Fa00E) and 100G (F=300M i)

Fage 100 18
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PROBE SPECIFICATIONS
Indexsar probe GOD0E, along with its calibration, is compared with BSEN
62208-1 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 G0008 | BSEN[1] IEEE [2]

Overall length (mm) 350

| Tip length {mm} 10
Body diameter (mm) 12
Tip cliameter {mmi) 255 k=] &
Distance from probe tip to dipole 1.39
centers (mm)

Typical Dynamic range S/N GO00E | BSEN[1] IEEE [Z]
Minimum (Wkg) 0.0 =002 0.01
Maximurm (W/ka) =100 =100 100
MN.B. only measured to = 100 Wikg
on representative probes
isotropy (measured at 5200MHz) | S/N G0006 | BSEN[1] | IEEE [2]
Axial rotation with probe nomal to =0.08 0.5 0.25
source (+/- dB)

Construction Each probe contains three orthogonal
dipole sensors arranged on a triangular
prism core, protected against static
charges by built-in shielding, and
covered at the tip by PE EK 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 TWEENZO
and sugar/salt-based simulant liquids
but probes should be removed, cleaned
and dried whem not in use,

MOT recommended for use with glycol
or soluble il-based liguids.
Page 11 of 18
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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 B2208-1,
Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devyices — Human models,
instrumentation, and procedures — Part 1; Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)

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

[3] IEC 62209-2

Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices = Human models,
Instrumentation, and precedures - 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 CETES
Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electramagnetic Fields

[3] Indexsar Report IX5-0300, October 2007,
Measurement uncertainties for the SARAZ system assessad against the
recommendations of BS EN 62209-1:2006

[6] SARA-C SAR Testing System: Measurement Uncertainty, v1.0.3. October 2011.
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5.0- 6.0 GHz (WG13) Head liquid 5200 MHz

Figure 7 The axal isotropy of probe S/N GOOO6 oblained t;y rotating the
probe in a liquid-filed waveguide at 5200 MHz. (NB Axial Isotropy is largely
independent of frequency)
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=3a

Lossy

Liquid
Dielectric
Slab -

'?nu’?m
o
a
Fiyure 2. Geomelry ussd forwaveguide caltbration (affer Ref [2] Section
A322)
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Spot SAR ag a function of Dipole Feed Pow er

o ] 10 15 20 25 o 15
Dipole Feed Row er (dBm)

Daviation from Linearity (dB)

s Re

-0.05

Dawintion from Linear {(dB)
=1
o i8

Spot SAR (dBmkg)

Figure 3 . The typical linearnly response of IXP-025 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 function of dipofe feed power, with GSM
modulation being approx a factor of 8 (e 9dB) lower than CW. The lower
diagram shows the departure from linearity of the same two dalasets.
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\V Wy
* /
w M A Kk
~ Figure 4 - X-ray positive image of 5mm probes. 2.5mm probes are similar
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Tabde indicating the dielectric parameters of the liquids wsed for calibrations at each frequency

Measured Ti Deviation Weadict
e et %

offlele £
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Table of test equipment calibration status
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Las=t
Instrument Supplier / ” Calibration
description Manufacturer Model Serial No. | calibration due dat
Power sensor g?ﬁ;é NRP-223 100063 | 0SM8/2012 | OWOB2014
[absolute) —
) ) DiLire checked
Dielectric \
(s=nsor lengths: against NPL
. gﬁﬁm AT 160mm, B0mm R values Using HRA
and &0mm) reference
liguics
VE“;?;;;;‘:M Arriteu MSG4238 003102 | 2mir2014 | 21012015
SMA
autocalibration Anritsa JES8TRKFM 001902 21012014 210172015
maciule
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ANNEX B

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

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration:  1902/2014 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 1of 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
uncerainties are for an estimated confidence probability of not less than 95%.

Manufacturer: Speag
Item: Dipoles
Model: Da3svz
Serial No: 447

Calibration Procedure, as per: CPO36/CAL
The results recorded, were taken after a warm up period of 1 Haur(s) inan
ambient temperature of 22/6°C 23°C @ 43.9% RH £10% RH. The mains voltage was 240V £10%.

AL-

Calibration Engineer:

M. R. Grigsby
Pl :‘.-u-\_
Approved Signatory: v.{;i*'
A.T. Pearce
Document 75925936 Report 21 Issue 2 Page B.2 of B.39
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Report Me 26553
Page 2 of &

CALIBRATION LABORATORY REPORT

TUV SUD Product Service

li ion Classificati B

(X) Class A:  All results measuned, e within the specification limits, even when extended by their measwurement
unéeddaintes, The instrument therafors comiplies with the spechication,

{ }Class B: Somefall results measured, lie INSIDE the specification limits, by a margin less than their measurement
uncertainties, It is therefore not possibde to state compliance of these results. However, these resulls indicate thet
compliancs is mare probabde than non-complance. (***)

{ }Class ©: Somefall results measured, lie OUTSIDE the specification limits, by @ margin less than their measurament
uncestainties, It is therefore not possible to state compliance of these results, However, these results indicate that non-
complance s mone probabde than compliance. (**)

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

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

Jest Equipment Used On This Calibration

Make & Maodel Description Calibration Due TEID
Rohde & Schowarz: HRV-Z1 Power Senscer 14062014 TEGRS0
Hewiedl Packard: ESGA0004 Signal Gensraler 2252014 TEDRE1
Mordac TEEF-20 Attenuator (204B, 200} 12062014 TEOSES
Hewlel Packard: 87530 Mabwork Analyser 2042014 TE1142
Hewledl Packard: 850544 ‘N Calibration KX 24N ER4 TE1309
IndexSar Lid: 7401 (WVDCOBIG200 Bi-directional Coupler TE24814
ImcecSiar Lid: VEMZ500-3 Validalion Apnplifier [10MHZ - 2.5GHz) TEZ413
Rotromic: [=1000 Hygromer 020452014 TE2TES
Rohde & Schewarz HRV- 25 Power Sensor 14061014 TE287TS
Rehde & Schwwarz: MRVD Dual Chanmel Power Meter 14062014 TE3ZSD
R.& Caomponnts: Meter B15-8208 & Type K TAC Meter & TIC Q2AT2M4 TEXE12
IndecSer Lid: Canlesian Leg Extension Par of SARAC System TE4DTS
IndexSar Lid: SARAC Carlesian 4205 Robol TEADTD
IndexSar Lid: White Benchiop Part of SARAMC System TELDED
IndecSar Lid: Wooden Bersch Par of SARALC System TE4DS1
IndeoSar Lid: IR%050 Immertibie SAR Frobe 0TS TEAT13
IndexSar Ltd: DB-2HF 700- S000MHz Flat Phantorm TE4400
Document 75925936 Report 21 Issue 2 Page B.3 of B.39
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Repart N9 26553
Page 3of 6

CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed o have lkbw return loss ONLY when presented against a lossy-phantom at the Sspecified
distance. & Vector Matwork Analyser (VMNA) was wsed to parform a return koss measurement on the spec ific dipole whean
in thea measuremant-locatien against the box phantom. The distance was as specified in the standard i.e. 15mm from the

lquid (for S35MHZ).

The impedance was measured at the SMA-connector with the network analyser,
The folowing parame tors were measured against Head fluid:

Dipole impedance at 835MHz Fﬂfgj} z 141'.33?1“
o i L |eaten.

Standards [1)[2)[3)[4] call for dipoles to have a return loss better than 20d4B

The measwrements repeated against Body fluid:

Document 75925936 Report 21 Issue 2 Page B.4 of B.39

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

Report M2IE553
Faged of &

CALIBRATION LABORATORY REPORT

. ; RefZ}=46E810)
Dipole imp edance at S35MHz ImiZ)=7.08 00
Return loss at B15MHz 21,90 Jd8

Standards [1§2]|3]]4] call for dipoles to have & return loss better than 2068

SAR Validation Measurement in Brain Fluid

SAR validation checks have been perdformed using the B35MHz dip ole and the box- phantom lecated on the SARA-C
phantom support base on the SARAC robot system. Tests were then conducted & afeed power level of approx 0.25W,
The actual power level was recorded and used to nomalise the resulls obtained to the standard inpuwt power conditions
of 1W (forward power). The ambiant temperature was 22 6°C and the relatve humidity was 43.9% during the

measuramenis

The phantorn was filled with B35MHz brain hquid using a recipe fram [1], which has the following eleclncal parameters
{measured wsing an Indexsar Diline kith at 835kHz at the measure mend temperature:

Relatiwa Permittiy ity 4157

Conductivity 0 635 Sim

Fluid Termperature 225 *C

The SARA T software version v6 08,11 was used with Indexsar KP_050 probe Senal Mumber 204 previo usly calbrated
using waveguides.

The 30 measuremen made using the dipole at the bottom of the phantorm boois sh own below:

Wim

Evertles] {aa)
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Report M2 26553
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CALIBRATION LABORATORY REPORT

The validation resuls normalised to an input power of 1'% (forward power) were:

MWeasured SAR M easured SAR vales Target SARvalues
values (W kg) W) &Mk derved from
(F50mid inpud (Marmalised to 1W feed grsiemvalidaon
pawer) power) and % Variance from | (Normalised 1o 1%
larget Walue TR} IR
Measyred | % Variance
1 SAR 265 1055 153 10.35
‘Iﬂgsm 173 B5BE 212 574
Allvaledation measuraments are with £ 10% of Tanget values s required in standards [1]0213](4)

SAR heasurement in Body Fluid

SAR validation checks have been pedormed using the B35MHz dip ole and the box- phantom located onthe SARA-C
phantom support base on the SARAC robot system. Tests were then conducted at afeed power level of approz 0.25W,
The actual power level was recorded and used to nomalize the results o blained to the standard input power conditions
of 1W (forward power). The ambient lemperature was 22 9°C and the relative humidily was 35 4% during the
measurements

The phantorn was filled with 835MHz body liguid using & recipe from [1][4], which has the following eledncal parameters
{measured wusing an Indexsar Diline ki) at 835MHz at the me asure ment 1 mparature:

Relatiwe Parmitt ity 6.6
Conductity 11006 Sfm
Fluid Temperature 225°C

The SARAC software version v6 08,11 was used with Indexsar [XP_D50 probe Serial Mumber 204 previo usly calbrated
wEing waeguides.

The 30 measurermam rmade using the dipole at the bottom of the phantorm box is sh own below:
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Report Me 26553
Page 6 of &

CALIBRATION LABORATORY REPORT

The validation results normalised to an input pawer of W (farward pawer) were:

Measured SAR Measured SAR values Target SAR valugs
values (Wikg) (g (Wikg) derved from
(250 input [Mormalised to 1W feed system validation
power) power) and 8% Vanance frormn | {Momalised to 1WA
target Walue. feed power)
_ Measured | % Vanance
 1g SAR 285 10.56 201 10.35=
| 10g SAR 1.77 705 i, 50" 674"

* In the specifications, SAR validation target values are only define Tor standardised measurerments in brain fluid, Using
the target values (Wikg) derived from system validation with brain fiuid the validation measwements are within £ 10% of
Target values,

““Wariance against target values (Wkg) derived fram system valdation with brain fluid,

References

[1] IEEE Std 1528-2013. IEEE recommended practice far determining the peak spatial-average specific absorplion rate
[SAR) in the human body duse o wireless communications devices: Measurement Techniques — Description.

[2]B5 EN 62208-1: 2008 Human exposure to radio frequency fields fram hand-held and body-mounted wireless
communication devices — Humam models, instrumentation, and procedures — Part 1: Procedure to determine the
specific absorplion rate (SAR) for hand-held devices used in close proximity to the ear (frequency range of 300 MHzto 3
GHz)

[3]BS EN 62208-2: 2010 Human exposure to radio frequency Fields from hand-held and body-mounted wireless
communication devices — Human models, instrumentation, and procedures — Part 2 Procedure o determine the
specific absorphion rate (SAR) for hand-held devices used in close proximity o the human body (frequency range of 300
MiHz to & GHz) (IEC §2208-2:20M0)

[4] FCC KDB 865664 D01 SAR Measurement 100MHzZ to BGHz VO1rd3
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Test Equipment Number (TE): 4413
Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

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

Calibration Expiry Date: 18/03/2017 Page 1 of 6
It is certified that the test(s) detailed in the above Calibration Report have been carried out to the
requirement of the specification, unless othenwise stated above. The quality control arrangements

adopted in respect of these fests have accorded with the conditions of our UKAS registration. The
uncartainties are for an estimated confidence probability of not less than 95%.

Manufacturer: IndexSar Ltd
Item: Dipoles
Model: 700

Serial No: 0278

Calibration Procedure, as per: CPO36/CAL
The results recorded, were taken after a warm up period of 1 Hour(s) in an

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

-

M. R. Grigsby

Calibration Engineer:

-

A.T. Pearce

Approved Signatory:
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CALIBRATION LABORATORY REPORT

TUV SUD Product Service

li ion Classificati K R

(X)Class A: Al resulls measwed, e within the s pecilication limite, even when extendad Dy their measurement
uncertainties, The instrument therefore complies with the specification.

{ }Class B: Some/all results maasured, fie INSIDE the spacification limits, by 3 margin less than their measurement
uncertainties. It is therefore net possible to state compliance of these results. Howewver, these results. indicate that
complEance is morne probable than non-complance. (%)

{ }Class C: Somefall results measured, lie OUTSIDE the specification limits, by a margin less than their measurement
uncartainties, | is therafars not passible to state compliance of these results, However, thiesa results. indicate that non-
compliance is mofe probable than compliance. (**)

{ }Class Dz Somefall resulls measured, e ODUTSIDE the specification limits, by a mangin greater than their
measurement uncertainties. Those reswits therefore, do not comply with the specification. (*)

{ }Class Rz The instrumernt was. repaired prior to calibration. Refer to enclosad repair report for defails

JYest Equipment Used On This Calibration

Make & Model Description Calibratiom Due TEID
Richde & Schwrarz NRV:Z1 Power Sensor 14062014 TENIE)
Hewisll Packard: ESE4A0004 Signal Ganerator 22052014 TEME1
Pdarda: TEHEE-20 Btienuator (HdB, 304 13083014 TED4&S
Hirwielt Packard: 87530 Bdabworic Analyser 202014 TE1148
Hewisll Packard: 850544 B Caliration KR 24122014 TE1308
ImdexSar Lid: T80 (WFDCO830.200 Bi-directional Cougler TE2414
IS Lid: WVEBM2500-2 Walidatson Amplifier (1 08MHz - 2.5GHZ) TE2415
Relronic: =100 Hygrom er DI04EN4 TE2TE4
Reohde & Schwarz: NRV- Z5 Fower Sansor 14062014 TEZ2BTSE
Rohde B Sehwarr NRVD Duad Chsanmel Fower Mebar 140612014 TEIIS
RS Components: Mefer B15-8208 & Type K TAC Bleter & TAC OEOT2014 TEXS12
I Sar Lid: SARAC Caresan 4-ans Robol TE4)TD
IrydeccSaer Lid: While Banchiop Far of SARAC Syslem TE4DED
ImdexSar Lid: Wooden Bench Part of SARAZ Systern TE40E1
IrycheosSiaer LI BPX-Q50 Immarsabls SAR Probas 0TS TE4313
IrydeccSaer Lid: DOB-2HF 700- G000MHz  Filal Phantom TE4400
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CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed to have low return boss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Mebwork Analyser (VMA) was used to perform a returm loss meas-uremeent on the specific dipole when
im the measuremant-location against the box phantom, The distance was as specified in the standard i.e. 15mm from the
Equid (for 700MHZ).

The impedance was measuned at the SMA-connector with the network analyser.
The following paramators ware measured aganst Head fluid:

RefZ} = 52.35 0
Dipole impedance at TOOMHz Im{Z} = -2.65 [

Return loss at TODMHz =27.28 dB
Standards [1)[2)3)[4] call for dipoles to have a return loss better than 20dB

The measwrements repeated against Body fluid.
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Dipole imp edance at FO0MHz &?{%":?512 {0
Return loss at F00MHz -22.458 dB

Standards [1]2]|3]|4] c=ll for dipoles to have a return loss better than 2048

SAR Validation Measurement in Brain Fluid

SAR validation checks have been pedformed uging the TO0MHZ dipole and the box- phantom located on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted a1 afeed power leveal of approx 0.25W,
The actual power level was recorded and used to nomalize the results o blained to the standard input power condifions
of 1W (forward power). The ambient temperature was 232°C and the relatwe humidity was 29, 3% dwring the

measurements

The phantorn was filled with 700MHz brain liguid using @ recipe fram [1], which has the following elactical parameters
(measured wusing an Indexsar DiLne ki) at 700MHz at the me asure ment 12 mpsrature:

Relatiwa Permitty ity 425
Conductivity 0 96 Sim
Fluid Temperalure 2256 "L

The SARA T software version vo 0811 was used with Indexsar [KP_050 probe Sarial Humber 204 previo usly calbrated
wsing waveguides

The 30 measurament rmade using the dipole at the bottom of the phantorn box is shown below:

[T

I ertias] fumi
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The validation resuls normalised to an input power of 1'W (forward power) were;

Measured SAR Measured SAR vales Target SARwalues
waluas (W0 kg) W) 0k destved from
(TS50 input (Mormakised to 1W feed gysternvalidation
{h Ereti) piwwen) and %\ anance ram | (Marralised 16 W
tanget Value Tz piween)
Measured | % Varance
1g SAR 1.4 702 054 767
1l SAR 1.30 51b6 047 511
Allvaledation measurements are with £ 10% of Tanget v alues as required in standards [1][2)3][4]

SAR heasurement in Body Fluid

SAR validation checks have bean pedormed using the T00MHz dipole and the box phantom located on the SARSC
phantom support base on the SARA-C robot system. Te sts were then conducted 31 afeed power level of approx 0.25W.
The actual power level was recorded and used to nomalize the results oblained to the standard input power condifions
of 1% (foreard power). The ambient temperature was 23 3°C and the relative humidity was 30, 9% during the

measuraments.

The phantorm was filled with 7O0MHz body liguid wsing @ recipe from [1][4], which has the following electrical param eters
(measured wsing an Indexsar Diline kit) at 700MHz at the me asure ment 12 mpsralure:

Relatwe Parmitty ity 554
Conductivity 0 888 Sim
Fluid Temperaiure 21

The SARA T saftware wersion ve 08,11 was uzed with Indexsar KP_D50 probe Saral Number 204 previo usly calibrated
wsing waveguides

The 30 measurament rmade using the dipole at the bottom of the phantorn box is shown below:

Zweriical cam)
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The validation results normalised to an input power of W (farward pawer) were:

Measured SAR Measured SAF values Target SAR values
values (Wikg) (g (Wikg) derived from
(250 input [Mormalsed to 1W feed system validation
power) power) and 8% Varance from | {Momalised to 1W
target Walue. feed power)
_ Mepsured | % Varance
 1g SAR 2081 820 587 787
| 10g SAR 1.40 2,97 881 3.11*

* In the specifications, SAR validation target values are only define for standardised measurements in brain fluid, Using
the target values (Whg) derved from system validation with brain fTuid the validation messuremments are within £ 10% of
Target values,

“ariance against target values (WWkg) derived fram system validation with brain fluid.

References

[1] IEEE Std 1528-2013. IEEE recommended practice far determining the peak spatial-average specific absorplion rate
[SAR) inthe human body due o wireless communications devices: Measurement Techniques — Description.

[2]B5 EN 6§2208-1:2008 Human exposure to radio frequency fields fram hand-held and body-mounted wireless
communication devices — Humam models, instrumentation, and procedures — Part 1: Procedure to determine the
specific absorption rate (SAR) for hand-held devices used in close proximity 1o the ear (frequency range of 300 MHzto 3
GHz)

[3]BS EN 62208-2:2010 Human exposure o radio frequency fields from hand-held and body-miounted wireless
communication devices — Humam models, instrumentation, and procedures — Part 2 Procedure to determine the
specific absorplion rate (SAR) for hand-held devices used in close proximity o the human body (frequency range of 300
MHz to 6 GHz) (IEC 62208-2:2010)

[4] FCC KDB 865664 D01 SAR Measurement 100MHzZ to BGHz VO1rd3
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Product Service

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 abowve Calibration Report have been carried out to the

Calibration Expiry Date: 12/02/2017 Page 1of B

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: CPO36/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 210% RH. The mains voltage was 240V £10%.

-

Calibration Engineer:

M. R. Grigsby
A~
Approved Signatory: Ll
A, T. Pearce
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Product Service

Report Me 26575
Fage 2 of &

CALIBRATION LABORATORY REPORT

TUV SUD Product Service

li ion Classificati K R

(X) Class A: Al results measured, e within the & pecification imite, even when extended by their measuramant
uncertainties. The instrument therefore complies with the specification.

{ }Class B: Some/all results maasured, fie INSIDE the spacification limits, by 3 margin less than thair measuremant
uncertainties. It is therefore not possible to state compliance of these results. Howewver, thiese results. indicate that
compiEance is morne probable than non-compliance. ()

{ }Class Cz Somefall results measured, lie QUTSIDE the specification limits, by a margin less than their measurament
uncartainties, | is thersfars not passible to state compliance of these results. However, thiese results. indicate that non-
compliance is mofe probable than compliance. {**)

{ }Class Dz Somefall resulls measured, e ODUTSIDE the specilication limits, by a marngin greater than their
measurement uncertainties. Those reswits therefore, do not comply with the specification. (*)

{ }Class Rz The instrument was repaired prior to calibration. Refer to enclosad repair report for details

JYest Equipment Used On This Calibration

Make & Model Description Calibratiom Due TEID
Riohde & Schwarz NRV:Z1 Fower Sensor 14062014 TEOOS)
Hewisll Packard: ESGA0004 Signal Ganeralor 22052014 TEME1
pdarda: TEHEF-20 Btienuator (HdB, 304 13083014 TES4&S
Hirwiplt Packard: 87530 Bdabworic Analyser 2042014 TE1148
Hewiell Packard: BS054A B Caliration KR 2422014 TE1308
ImndexSar Lid: T80 (FDCO830.200 Bi-directional Cougpler TE2414
Irydec S Lid: WEBM2500-2 ‘Walidalion Amplifier (1 08MHz - 2.5GHZ) TE2415
Relronic: =100 Hygrom er DI04EN4 TE2T &4
Reohde & Schwarz: NRV- Z5 Fowar Sansor 14062014 TEZ2BTE
Rohde B Sehwarr NRVD Dual Chsanmel Fower Meber 140612014 TEIIS
RS Components: Mefer B15-8208 & Type K TAC Bleter & TAC OEOT2014 TE3S12
IndexSar Lid: SARAC Caresan 4-ans Robol TESDTD
IrydeccSaer Lid: While Banchion Fart of SARAC Syslem TE4DED
ImdexSar Lid: Weoden Bench Part of SARAZ Systern TE40E1
IrschosSiaer Lid: BPX-050 Immarsable SAR Proba 0TS TE4313
IndexSar Lid: DOB-2HF 700- G000MHz Flat Phantam TE440)
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Report N2 26575
Page 3 o0f 6

CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed to have low return boss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Metwork Analyser (VMA) was used to perferm a return loss measurement on the specific dipale when
im the measuremant-location against the box phanfom. The distance was as specified in the standard i.e. 10mm from the
lquid (for 1900MHzZ).

The impedance was measuned at the SMA-connector with the network analyser,
The folowing parametors were measured against Head fluid:

; Re[Z}=47.36 0
Cinche Jopadnce st E0MMIEE m@)= 1060

Return loss at 1900MHz -30. 58 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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Report M2 26575

Paged of &
CALIBRATION LABORATORY REPORT
Dipole imp edance at 1900kHz m‘%’i:gﬂaﬁ#
Return loss at 1900MHz -29.13 dB

Standards [1][2[|3]|4] c=ll for dipoles to have & return loss betier than 2048

SAR Validation Measurement in Brain Fluid

SAR validation checks have been performed using the 19000MHz dipok and the box-phantom tocated on the SARA-C
phantom support base on the SARA-C robot system. Tests were then conducted st afeed power leval of approx 0.25W,
The actual power level was recorded and used to nomalize the results oblained to the standard input power condiions
of 1% (forward pewer), The ambient temperature was 22 4°C and the relative humidity was 43, 4% during the
measurements

The phantor was filled with 1900PdHz brain liguid using a recipe from [1], which has the folowing electrical parameters
(measured wsing an Indexsar Diline kit) at 1200MHz at the measurement lempearature:

Relatwe Parmittn ity 3928
Conductivity 1433 Sim
Fleid Temperature 226 L

The SARA T software version vo 0811 was used with Indexsar [KP_050 probe Sarial Humber 204 previo usly calbrated
wsing waveguides.

The 30 measurament made using the dipole at the bottom of the phantorn box 5 shown below:
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Report M2 26575
Pages of &

CALIBRATION LABORATORY REPORT

The validation resuks mormalised to an input power of 1'W (forward power) were:

Wieasured SAR Measured SAR vales Target SARYalURS
walias (W kg A atig) desivad from
(50 inpud (Mormeabsed o 1W feed systernvalidalion
P weEr) power) and % Wariance from (Morrmalised 1o 1%
target Value fegd power)
Measurad | % Varance
1& SAR 1037 412G 3.0 4004
g SAHR 5464 21.75 217 21.29

Al valedation measurements are with £ 10% of Tangel values as reguired in standards [1)[2)3](4]

SAR Measurement in Body Fluid

SAR validation checks have been pedormed using the 1900MHz dipole and the box-phantom located on the SARA-C
phantom suppert base on the SARAC robot system. Tests were then conducted at afeed power level of approx 0.25W,
The actual power level was recorded amd used to normalise the resulls oblained to the standard inpu! power conditions
of 1% (foreard power), The ambient lemperature was 22.2°C and the relative humidity was 43, 1% during the
measuramants

The phantorn was filled with 19008H z body [Bguid wsing a recipe from [1 [4], which has the folowing electrical
param eters (measured using an Indexsar Diline kif) at 1900kHz at the measureme nt tarmparaiure:

Relatiwe Parmittn ity 5321
Conductvity 1596 S/m
Fluid Temperature 227 *C

The SARAC software version v6 /08,11 was used with Indexsar [XP_050 probe Serial Mumber 204 previo usly calbrated
wsing waveguides

The 30 measurernam rmade using the dipole at the bottom of the phantorm box is sh own below:

Document 75925936 Report 21 Issue 2 Page B.18 of B.39

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

Report Me 26575
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CALIBRATION LABORATORY REPORT

The validation results normalised to an input pawer of W (farward pawer) were:

Measured SAR Measured SAR values Target SAR valugs
values (Wikg) (Ikg) (Wikg) derived from
(250 input [Mormalised to 1W feed system validation
power) power) and 8% Vanance frormn | {Momalised to 1WA
target Walue. feed power)
_ Measured | % Vanance
 1g SAR 1012 40,25 083" #0.04%
[ 10g SAR 538 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 (Wkg) derived from system validation with brain fiuid the validation measwements are within £ 10% of
Target values,

““Wariance against target values (Wkg) derived fram system valdation with brain flusd,

References

[1] IEEE Std 1528-2013. IEEE recommended practice far determining the peak spatial-average specific absorplion rate
[SAR) in the human body duse o wireless communications devices: Measurement Techniques — Description.

[2]B5 EN 62208-1: 2008 Human exposure to radio frequency fields fram hand-held and body-mounted wireless
communication devices — Humam models, instrumentation, and procedures — Part 1: Procedure to determine the
specific absorplion rate (SAR) for hand-held devices used in close proximity to the ear (frequency range of 300 MHzto 3
GHz)

[3]BS EN 62208-2: 2010 Human exposure to radio frequency Fields from hand-held and body-mounted wireless
communication devices — Human models, instrumentation, and procedures — Part 2 Procedure o determine the
specific absorphion rate (SAR) for hand-held devices used in close proximity o the human body (frequency range of 300
MiHz to & GHz) (IEC §2208-2:20M0)

[4] FCC KDB 865664 D01 SAR Measurement 100MHzZ to BGHz VO1rd3
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Test Equipment Number (TE): 3875
Calibration Class: A

TUV SUD Product Service

Internal Calibration Laboratory Report

Date of Calibration: 19022014 Report Number: 26576

It is certified that the test(s) detailed in the above Calibration Report have been carried out to the
reguirement of the specification, unless othenwise stated above. The quality control arrangements

Calibration Expiry Date: 19/02/2017 Page 1ol B

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: CPO36/CAL
The results recorded, were taken after a warm up period of 1 Houwr(s) in an

ambient temperature of 22 6°C +3°C @ 34.0% RH £10% RH. The mains voltage was 240V £10%.

AR

M. R. Grigsby

Calibration Engineer:

Approved Signatory: _%‘{th

A, T. Pearce

Document 75925936 Report 21 Issue 2 Page B.20 of B.39

COMMERCIAL-IN-CONFIDENCE



COMMERCIAL-IN-CONFIDENCE

Product Service

Report Me 26576
Fage 2 of &

CALIBRATION LABORATORY REPORT

TUV SUD Product Service

li ion Classificati K R

(X) Class A: Al results measured, e within the & pecification imite, even when extended by their measuramant
uncertainties. The instrument therefore complies with the specification.

{ }Class B: Some/all results maasured, fie INSIDE the spacification limits, by 3 margin less than thair measuremant
uncertainties. It is therefore not possible to state compliance of these results. Howewver, thiese results. indicate that
compiEance is morne probable than non-compliance. ()

{ }Class Cz Somefall results measured, lie QUTSIDE the specification limits, by a margin less than their measurament
uncartainties, | is thersfars not passible to state compliance of these results. However, thiese results. indicate that non-
compliance is mofe probable than compliance. {**)

{ }Class Dz Somefall resulls measured, e ODUTSIDE the specilication limits, by a marngin greater than their
measurement uncertainties. Those reswits therefore, do not comply with the specification. (*)

{ }Class Rz The instrument was repaired prior to calibration. Refer to enclosad repair report for details

JYest Equipment Used On This Calibration

Make & Model Description Calibratiom Due TEID
Riohde & Schwarz NRV:Z1 Fower Sensor 14062014 TEOOS)
Hewisll Packard: ESGA0004 Signal Ganeralor 22052014 TEME1
pdarda: TEHEF-20 Btienuator (HdB, 304 13083014 TES4&S
Hirwiplt Packard: 87530 Bdabworic Analyser 2042014 TE1148
Hewiell Packard: BS054A B Caliration KR 2422014 TE1308
ImndexSar Lid: T80 (FDCO830.200 Bi-directional Cougpler TE2414
Irydec S Lid: WEBM2500-2 ‘Walidalion Amplifier (1 08MHz - 2.5GHZ) TE2415
Relronic: =100 Hygrom er DI04EN4 TE2T &4
Reohde & Schwarz: NRV- Z5 Fowar Sansor 14062014 TEZ2BTE
Rohde B Sehwarr NRVD Dual Chsanmel Fower Meber 140612014 TEIIS
RS Components: Mefer B15-8208 & Type K TAC Bleter & TAC OEOT2014 TE3S12
IndexSar Lid: SARAC Caresan 4-ans Robol TESDTD
IrydeccSaer Lid: While Banchion Fart of SARAC Syslem TE4DED
ImdexSar Lid: Weoden Bench Part of SARAZ Systern TE40E1
IrschosSiaer Lid: BPX-050 Immarsable SAR Proba 0TS TE4313
IndexSar Lid: DOB-2HF 700- G000MHz Flat Phantam TE440)
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Report N2 26576
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CALIBRATION LABORATORY REPORT

Dipole impedance and return loss

The dipoles are designed to have low return boss ONLY when presented against a lossy-phantom at the specified
distance. A Vector Metwork Analyser (VMA) was used to perferm a return loss measurament on the specific dipale when
im the measuremant-location against the box phanfom, The distance was as specified in the standard ie. 10mm from the
quid (for 2450MHz).

The impedance was measuned at the SMA-connector with the network analyser,
The folowing parameters ware measured against Head fluid:

. Re{Z} = 47.69 0
Dol ipeimomatE ImZj=2878

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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CALIBRATION LABORATORY REPORT
Dipole imp edance at 24500Hz m‘%’i:;’i?%ﬂ
Return loss a1 2450MHz -21 .32 dB

Standards [1][2[|3]|4] c=sll for dipoles to have a return loss better than 2048

SAR Validation Measurement in Brain Fluid

SAR validation checks have been performed using the 24500MHz dipok and the box-phantom located on the SARAC
phantom support base on the SARA-C robot sysfem. Tests were then conducted st afeed power leval of approx 0.25W,
The actual power level was recorded and used to normalize the results o biained to the standard input power condiions
of 1% (forward power), The ambient temperature was 22 6°C and the relative humidity was 34, 0% during the
measuJrements

The phantorn was filled with 24500Hz brain liguid using a recipe from [1], which has the folowing electrical parameters
{measured wusing an Indexsar Diline kit) at 2850MHz at the measurement lempearature:

Relatwe Parmittn ity 3911
Conductivity 1.797 Sim
Fluid Temperalure 2256 "C

The SARA T software version vo 0811 was used with Indexsar [KP_050 probe Sarial Humber 204 previo usly calbrated
wsing waveguides.

The 30 measurament rmade using the dipole at the bottom of the phantorn box 5 shown below:
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CALIBRATION LABORATORY REPORT

The walidation resuls norm alised to an input power of TW (forward power) were:

MWeasured SAR MiEasured SAR vales Tarpet BARYaluESs
waluss (VW kg W) Wikig) desiwed from
{25 0mb inpud {Morrmaksed to 1W feed gyl emvaldalon
power) power) and % Variance from | (Marmalised to 169
farget Valus feed power)
Mleasured | % Mariance
10 SAR 1364 a4 30 250 5290
| 10g SAH 5.39 25 45 248 24 63

Allyahidation measurements are with & 10% of 1 argel walues as require d n standards [1]2)3][4]

SAR Reasurement in Body Fluid

SAR validation checks have been performed using the 2450MHz dipole and the box-phantom located om the SARA-C
phantom support base on the SARA G robot system. Tests were then conducted 3t afeed power level of approx 0.25W,
The actual power level was recorded and used to nommalise the results obfained te the standard inpul power conditions
of 1% (foreard power), The ambient lemperature was 22.8°C and the relative humidity was 30,2% during the
measurements.

The phantom was filled with 2450MH z body liquid using a recipe firom [§ [4], which has the folowing electrical
pararneters (measurad using an Indexsar Diline Kif) at 2450 MHz at the measurement tempear alure:

Relatie Permitt ity 5109
Conductvily 18683 Sm
Fluid Temperature 227 °%C

The SARAC software version v5 08,11 was used with Indexsar [XP_D50 probe Serial NMumber 204 previously calbrated
using waroguides.

Thie 30 measuramant made using the dipole at the bottorm of the phantorm box is shown belos:
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The validation results normalised to an input power of 1WW (forward power) were:

Measured SAR Measured SAF values Target SAR values
values (W) ieg) (Wikg) derted from
(250 input [Mormalised to 1W feed system validation
power) power) and % Wariance from | Normalised to 16
target Walue. feed power)
_ Measured | 9% Varance _
 1g SAR 13.47 5364 1.25% 52.98*
|_10g SAR 65,37 2535 2,13 24.83%

* In the specilications, SAR validation targel values are only define for standardised measurements in brain flud. Using
the target values (Wikg) derived from system validation with beain fluid the validation measwemments are within £ 10% of
Target values,

““ariance against target values (Wikg) derived from system validation with brain flusd,

References

[1] IEEE Std 1528-2013. IEEE recommendad prachice far detérmining the peak spahal-averags specafic absorption rate
{3AR) in the human body duse to wireless communications devices: Measurement Techniques — Description.

[2]B5 EN 62208-1:2008 Human exposure to radio frequency Fields from hand-held and body-mounted wireless
communication devices = Humamn models, instrumentation, and procedures == Fart 1: Frocedure (o determine the
specific absorplion rate (SAR) for hand-held devices used in close proximity to the ear (frequency range of 300 MHzto 3
GHz)

[3]B5 EN 62208-2: 20180 Human expasure to radio frequency fields from hand-held and body-mounted wirgless
communication devices — Human models, instrumentation, and procedures — Part 2 Procedure o determine the
specific abeorption rate (SAR) for hand-held devices used in close preximity o the hurman body (frequendy range of 300
MiHz to & GHz) (IEC §2208-2:20M0)

[4] FCC KDB 865664 D01 SAR Measurement 100MHzZ to BGHz VO1rd3
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Calibration procedure for dipole validation kits between 3-8 GHz
Calibeation ato: March 14, 2011
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S

Accredited by thi Swiss Accroditation Sorvice [SAS) Accroditation No.: SCS 108
Tha Swiss Accraeditation Servico is one of the signateries o the EA
Multiiateral Agreement lor the recagnilion of calibration certificales

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL /S NOBM x,y.z
/A, not applicable or not measured

Calibration is Performed According to the Following Standarels:

a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields frorn Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz
to 6 GHz: Human models, Instrumentation, and Procedures”, Pan 2: "Procedure to
determine the Specific Absorption Rate (SAR) for including accessories and multiple
transmitters”, March 2010

b} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fislds; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:;
¢ MNMeasurerment Conditions: Further details are available from the Validation Report at the
end of the cedificate. All figures stated in the cedificale are valid at the frequency
indicated.

= Antenna Parameters with T.5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

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

» Eleclrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

¢  SAR measured: SAR measured at the stated antenna input power.

¢« SAR normalized: $AR as measured, normalized to an input power of 1 W at the antenna
connactor,

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

Canificals Mo BSGHEVE-1100_Mar11 Page 2 of 14
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Measuremant Conditions
DASY system configuration, 8s far as not givemn on page 1.
DASY Version DASYS W52.6.2
Extrapolation Advanced E xtrapolation
Phartom Maodular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Area Scan resclution dx, dy = 10 mm
Zoom Sean Resolution du, dy = 4.0 mm, d2 = 1.4 mm
5200 MHz = 1 MHz
Frequency 5500 MHz = 1 MHz
5800 MHz = 1 MHz
Head TSL parameters at 5200 MHz
The following parameters and calculations wene applied.
Temperature Perm ittivity Conductivity
Hominal Head T5L parameters =050 360 466 mho/m
Measured Head TSL parameters (2202028)°C WA L6% 4,91 mho'm £ 6 %
Head TSL temperature during test (22.0£02)°C s =
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 em” (1 g) of Head TSL condition
SAR measured 100 mW input power 231 mW /g
SAR nomalized nomalized to 1W B3 MW (g
SAR for neminall Head TSL parameters nomalized to 1W BA2mW /g =199 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 238 mWiWig
SAR normalized normalized to 1W 236mW /g
SAR for nominal Head TSL parameters normakized to 1W 23,6 mWV 7 g = 19.5 % (k=2)
Cartificate Mo DSGEHV2-1100_Mar11 Paga 3 of 14
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Head TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Parmittivity Condustivily

Mominal Head TSL parameters 220°C 356 4,96 mho/m

Measured Head TSL parametars (220=02)°C 3BOsE% 4.80 mhovm £ 6 %

Head TSL temperature during test 22.0=0.2)°C e
SAR result with Head TSL at 5500 MHz

SAR averaged over 1em?® {1 g of Head TSL condition

SAR measured 100 m¥W input power 8.9 mW ¥ g

SAR normalized mormalized to 1W BOA MW Fg

SAR for nominal Head TSL parameters mormalized to 1W B9.8 mW /g = 19.9 % (k=2)

SAR averaged over 10 cm” {10 g) of Head TSL

condsticn

S5AR measured

100 m\W input power

254 MW Fg

SAR normalized

nomalized 10 1W

254 mW g

SAR for rominal Head TSL paramelers

narmalized 1o 1%

25.4 MW [ g £ 19.5 % (k=2)

Head TSL parameters at 5800 MHz

Tha fallawing paramatars and ealoulations wers applisd.

Temperature Parmittivity Conductivity

Nominal Head TSL parameters 22.0°C 353 5.27 mho/m

Measured Head TSL parameters (220 £0.2)"C IE526% 5.10 mhofm = & %

Head T5L temperature during test (220102 "G .
SAR result with Head TSL at 5800 MHz

SAR averaged over 1cm” (1 g) of Head TSL conditicn

SAR measured 100 mW input power 39 mwW /g

SAR normalized nesmalized 2o 1W 839 mwW/g

SAR for nominal Head TSL parameters normalized to 1W B3O mW /g =199 % (k=2

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

SAR meagured 100 MW inpul powear 237 mW/ g

SAR nomalized mormalized to 1W 23TImWig

SAR for nominal Head TSL parameters rearmalized to 1W 237 mW /g =19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity

Neminal Body TSL parameters 2.0 48.0 5.30 mho/m

Measured Boady TSL parameters 220202 "C 484 6 % 5,48 mihe'm £ 6 %

Bady TSL temperature during test 210028 - S
SAR result with Body TSL at 5200 MHz

SAR averaged over 16m’ (1 g) of Body TSL condition

SAR measured 100 mW input power T.TOmwW /g

SAR normalized normalized to W TTOmW /g

SAR for nominal Body TSL parametars normalized to 1W 768 mW /g 19.9 % (k=2)

SAR averaged over 10 em® {10 g) of Body TSL candition

SAR measured 100 mW input power 214 mW /g

GAR normalized normalized 1o 1W 214 mW i g

SAR for nomimal Body TSL parameters normalized 1o 1W 214 mW/ g=19.5% (k=2)

Body TSL parameters at 5500 MHz

The follpwing parameters and calculations were applied.

Temperature Permittiwity Conductivity

Neminal Body TSL parameters 22.0 °C 48.6 5.65 mho/m
Measured Body TSL parameters (220=02)°C AT.B=6 % 5.85 mho/m £ 6 %
Body TSL temperature during test 21.0=0.2)°C e -

SAR result withh Body TSL at 5500 MHz
SAR averaged over 1 ¢m” (1 g) of Body TSL condition
SAR measured 100 mW input power 822mwW /g
SAR nomalizad normalized to 1W 22mWig

SAR for mominal Bedy TSL parameters

normealized o 1%

B2.0mW /g =199 % (k=2)

SAR averaged aver 10 er” (10 g) of Body TEL conditian
SAR measured 100 mW inpaut powar 22T mW (g
SAR normalized normalized to 1W 2TmWig

SAR for nominal Body TSL parameters

narmalized to 1W

22.7 mW /g = 19.5 % {k=2)
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.
Temperature Farmittivity Conducthvity

Hominal Body TSL parameters 22.0°C B2 £.00 mha'm

Measured Body TSL parameters (22.0=0.2)°C 471£6% 6.22 mho/m = 6 %

Body TSL temperature during test (21.0 = 0.2) °C - e
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL condition

SAR measured 100 mW input power TEIMW /g

S._AFI normalized normalized to 1W TEImW /g

S5AR for nominal Body TSL parameters nommakized to 1W 75.8 mW ¥ g = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL candition

SARA measured 100 mW input power 290 mW /g

SAR normalized normalized to 1W 21.0mW /g

SAR for nominal Body TSL paramaters nommalized to 1W 20,9 mW /g =195 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed paint 5250-75iR

Return Loss -22.3 dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, ransformed to feed point 4B.9 0 -1.7[0

Retum Loss -¥3.8dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to fead point S.T0+43)0

Return Loss -26.9 dB8
Antenna Parameters with Body TSL at 5200 MHz

Impedance, fransformed to feed point 53.061- 6.6 [0

Eetum Loss -23.1d8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transiormed to feed point 49.4 02 - 1.4 0

Return Loss 36.4 dB
Antenna Parameters with Body TSL at 5800 MHz

Impedancﬂ:;ansl:r;rmed to feed point E220+ 3802

Fetum Loss 27548
Cerificate Mo: DSGHZYE-1100_Mari1 Fage 7 of 14
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| Electrical Delay (ene direction) |

1.207 ns

Affter long fanm use with 40 W radiated power, only a slight waming of the dipele near the feedpoint can be measured.

The dipele is made of stendand semirgid coaxial cabde. The center conductor of the feading line s directly conneciod 1o
the secend arm of the dipole. The antenna is therefore short-circuited for DC-sigmals,
Mo excessive force must be applied o the dipole arms, because they might bend of the soldered connections near the

feedpaint may be damaged.

Additional EUT Data

Marnufastured by

SPEAG

Manufactured on

September 24, 2010
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DASYS Validation Report for Head TSL
Date/Time; 11L.03,2011 14:54:17

Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DS3GHz; Serial: DSGHEV2 « SN:1100

Commumication System: CW: Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 3800 MHz; Duty
Cycle: 1:1

Medum: HSL 5008

Medium parameters used: f = 5200 MHz: 6 = 4.51 mho/m; & = 36.4; p= 1000 kgjm"‘ .’

Medium paramelers used: { = 5500 MHz; o = 4.8 mho/m; &, = 35.9; p = 1000 kg/m® ,

Medium pararneters used: f = 5800 MHz; 6 = 3.1 mho/m; g, = 35.5; p = 1000 ka/m*

Phantom section: Flat Section

Measurernent Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS Configuration:

= Probe; EX3DVY - SN3303; ConvF(5.41, 5.41, 5.41), ConvF(4.91, 491, 4.91), ConvF(4.41. 4.81,
4.81): Calibrated: 04.03.2011

= Sepsor-Surface: Ldmm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 10.06.2010

«  Phantom: Flat Phantom 5.0 (front); Type; QDOOOPS0AA; Serial; 1001
= Measurement SW; DASYS2, ¥V 52.0.2 Build (424)

= Posiprosessing 3W: SEMCADR X, V14.4,4 Build (2829

Pin=100mW, f=5200 MHz/Zoom Scan (4x4x1.4mm), dist=1.4mm (8x8x7)/Cube 0:
Measurement grid: dx=4mm, dy=4dmm, dz=14mm

Reference Value = 60,701 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 31.049 Wikg

SARI(L gh = 831 mWig: SAR(10 g) = 2.36 mWig

Maximum value of SAR (measured) = 15,802 mW/g

Pin=100mW, f=5500 MHz/Z.0om Scan (4x4x1.4mm), dist=1.4mm (8x8x7)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 60,450 Vim; Power Drift = 0,07 dB

Peak SAR (extrapolated) = 35.828 Wikg

SAR(] g) = 898 mW/g: SAR(10 g) = 2.54 mW/g

Maximum value of SAR (measured) = 21.257 mWig

Pin=100mW, f=5800 MHz/Zoom Scan (dxdx1.dmm), dist=1.4mm (8x8x7)/Cube 02
Measurement grid: dx=4mm, dy=$mm, dz=1.4mm

Reference Value = 57.226 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 35431 Wikg

SAR(I gh = 8.39 mW/g: SAR(10 g) = 2.37 mW/g

Maximum value of SAR (measured) = 20,329 mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date/Time: 14.03.2011 15:25:41
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: D5GHz; Serial: DSGHzV2 - SN:1100

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz; Duty
Cycle: 1:1

Medium: MSL 5000 MHz

Medium parameters used: f = 5200 MHz; ¢ = 5.54 mho/m; &, = 48.3; p = 1000 kg/m’ ,

Medium parameters used: f = 5500 MHz; ¢ = 5.92 mho/m; g, = 47.7; p = 1000 kg;’m] .

Medium parameters used: f = 5800 MHz; 6 = 6.3 mho/m; &, = 47; p = 1000 kgfmg

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91), ConvF(4.43, 4.43, 4.43), ConvF(4.38, 4.38,
4.38); Calibrated: 04.03.2011

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

» Electronics: DAE4 Sn601; Calibrated: 10.06.2010

« Phantom: Flat Phantom 5.0 (back); Type: QDOO0OPS0AA; Serial: 1002
o Measurement SW: DASYS52, V52.6.2 Build (424)

« Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=100mW, f=5200 MHz/Zoom Scan (4x4x1.4mm), dist=1.4mm (8x8x7)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.462 V/m: Power Drift = -0.0014 dB

Peak SAR (extrapolated) = 30.321 W/kg

SAR(1 g) = 7.7 mW/g; SAR(10 g) = 2.14 mW/g

Maximum value of SAR (measured) = 17.819 mW/g

Pin=100mW, f=5500 MHz/Zoom Scan (4x4x1.4mm), dist=1.4mm (8x8x7)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.851 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 35.000 W/kg

SAR(1 g) = 8.22 mW/g; SAR(10 g) = 2.27 mW/g

Maximum value of SAR (measured) = 19.554 mW/g

Pin=100mW, f=5800 MHz/Zoom Scan (4x4x1.4mm), dist=1.4mm (8x8x7)/Cube 0:
Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.021 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 35.337 W/kg

SAR(1 g) = 7.61 mW/g; SAR(10 g) = 2.1 mW/g

Maximum value of SAR (measured) = 18.772 mW/g
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Impedance Measurement Plot for Body TSL
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