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Annex E to Test report no.: 1-4254/12-17-05

2 Calibration report “Probe ER3DV6”

Calibration Laboratory of N, Schwaizerischer Kallbrisrdienst
; Sl
Schmid & Partner M Service sulsse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ';f,__,-“’.-_w"\f Swiss Callbration Service
il
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recogniticn of calibration certificates

cient  Cetecom Ceriificate No: ER3-2262_Jan12
CALIBRATION CERTIFICATE |
Object ER3DVE - SN:2262

Calibration procedure(s) QA CAL-02.v6, QA CAL-25.v4

Calibration procedure for E-field probes optimized for close near field
evaluations in air

Calibration date: January 9, 2012

This calibration certificate documents the Iraceability to national standards, which realize the physical units of measurements (S1)
Tha measurements and the unceriainties with confidence probability are given on the following pages and are part of the carificate.

Al calibrabons have been conducted in the dlosed laboratory facility: envirenment temperature (22 + 3)°C and humidity < 70%

Calibration Equipment used (MBTE critical for ealibration)

Primary Standards 12 Cal Data (Cenificale No.) Scheduled Calibration

Power meter E44198 GE41203874 31-Mar-11 (No. 217-01372) Apr-12

Power sensor E44124 MY 41438087 31-Mar-11 (No. 217-01372) Apr-12

Referance 3 dB Attenuator SN: 55054 {3c) 28-Mar-11 {No. 217-01389) Apr-12

Reference 20 dB Attenuator SMN: S5086 (20b) 20-Mar-11 (Mo. 217-01367) Apr-12

Rederance 30 dB Attenuator SN: 55120 {30b) 29-Mar-11 (Mo, 217-01370) Apr-12

Releronce Proba ER3OVG SN: 2328 11-Oct-11 {No. ER3-2328_0ct11) Ocl-12

DAE4 SN: 789 B-Apr-11 (No. DAE4-TEI_Apr11) Apr-12

Secondary Standards 1D Check Date (in housa) Scheduled Check

RF ganerator HP BB48C US3642001700 4-Aisg-89 (in house chack Apr-11) Ini housa chieck: Apr-13

Netwark Analyzer HP B753E US37300585 18-0¢i-01 (in housa check Oct-11) In house check: Oct-12
Nama Function Slgial

Calibrated by; Jelon Kastrati \Laboralory Technician

Approved by: Katja Pokovic Technical Manager ,éc

issued: January 12, 2012

This calibwation cenlificate shall not be reproduced axcept in full without written approval of the laboratory,

Cenrtificate Mo: ER3-2262_Jan12 Page 1 of 10
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W—-.

. . It
Cahbl_'atlon Laboratory of 5{“'::\\_;/':/;9.} Sehroelzerischer Kalhricrdianst
Schrmid & Partner ilﬁﬁéﬁf Service suisse d'atalannage
Engineering A &5 ,ff:\_‘“‘ E Servizic svizrero di tavatura
Zeughaugstrasse 43, E00d Lurich, Swikzerland "'-4‘_}1?-\"\“}-\“ Zwlas Calibratlon Service
L
Aceradited by the Swiss sccredilation Service (SA5) aserndilation Nt SES 108

The Swiss Accredilation Servica is one of the signatories to 1the EA
fdultilataral Agreement far the recognition of ¢al|bration cepificates

Glossary:

MORMx v, 2 sensilivity in free space

LEP diode sompression point

CF crast factor { 1iduty_cyele) of the RF signal

L& B, C modulation dependent inearrzation paramelers

Folanzation p arotation around probe axis

Folarzalion 3 & rotation arourd an axis thad is in the plane noemal lo probe axis (at measuramant centar),
ie, §=0is5normal io probe axis

Connectar Angle information used in DAY systern to align probe sensor X 1o 1he iobot coordinate system

Calibraticn is Perfermed According to the Following Standards:
a) IEEE %1 1302-2005, ¥ IEEE Standard for calibration of eleclromagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHz", Decermber 2005,

Methods Applied and Interpretation of Paramefers:
e NORMxy z: Assessed for E-field polarization 3 = 0 for XY sensors and % = 80 for Z sensor (f £ 900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguida).
«  NORMMxY 2 = MORMx, ).z * fraquency_response (see Frequency Response Chart).

+  DCFPx .z DCP are numerical lingarization parameters assessed based on the dala of power sweap with CW4
sigral {ng uncedainty required), DCP does not depend on frequancy nor media.

»  FAR:PAR g the Peak to Average Ralio that is nol calibrated bul determined based oh the signal
characterislics

v AxyZBxp 2 OxZz YR V.ZDA B O are numerical linearization paramelers assessed based on tha data of
power swesn for spacific modulation signal, The parameters do not depend on frequency nor media, ¥R s the
maximum calibration range expressed in AMS vollage across the diode,

= Spharcal fsofrogy (30 deviation fromy isotrooy): in & loczlly homogeneous field realized using an ogen
wanieglide setup.

+  Sensar Offsak The sensor offset corresponds to 1he offset of vitual measurement center from the probe tip
[on probe axis). WNo inlgrance required.

+  Conrector Angle: The angle (= assessed using the information gaingd by determining the MORMY (no
uneertainty required).

Cenificate No: ER3-2262_Jam1Z Page 2 of 10
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Annex E to Test report no.: 1-4254/12-17-05 CETECOMTM
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ERZOVA — SiN-2257 January 9, 2012

Probe ER3DV6

SN:2262

Manufactured:  May 18, 2001
Calibrated: January 9, 2012

Calibrated for DASY/EASY Systems

(Mote: non-compalible with DASY2 sysleml}

Cenificale Na: ER3-2262_tan12 Fage 3 of 14
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Annex E to Test report no.: 1-4254/12-17-05 CE#T;E__”_COMW

ERADVE- SNI267 Januany &, 2012

DASY/EASY - Parameters of Probe: ER3DVG - SN:2262

Basic Calibration Parameters

Sensar X [ Sensor Y Sensor# Ung (k=2
orm (uvivimy®y 1.52 . 1.34 1.62 +10.1%
DGR (mv)Y [ 106.7 | oa8 57 6 ]

Modulation Calibration Parameters .
811 Communlecalion Systam Name FAR & B C VR Unct
i a8 dB my {k=2}
10060 e ] poe [ x { oon .00 100 | 1050 | =27 %
i T TN oo | aaon 100 | 10z
lz ] ooo | o00 100 | 998 j

The reportad uncerainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a narmal distribulion corresponds to a coverage
probabiily of approximately $5%.

® Mumncrical lineafzalion paramater: uncerainly mat recuired.
£ Ungeramly is detdirnined using the max. dewahon [iem lindar résponse applying reclangular dis'ribulion and is expressed foe Ihe sovgre of 1ha
ligkd waluy,

Certificale No: ER3-2262_Jan12 Page 4§ of iD
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Annex E to Test report no.: 1-4254/12-17-05 mfgo_M

ER3DVE- SN:2262 January 9, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Cerificale No: ER3-2262_Jan12 Page 5of 10
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Annex E to Test report no.: 1-4254/12-17-05 CETEQOM

ER3DVE- SN:2262 January 8, 2012

Receiving Pattern (¢), 9 = 0°
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Certificate No: ER3-2262_Jan12 Page 6of 10
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Annex E to Test report no.: 1-4254/12-17-05 CE’E M

ER3IDVE- SN:2282 January 9, 2012

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cerlificate No: ER3-2262_Jani12 Page 7 of 10
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Annex E to Test report no.: 1-4254/12-17-05

ER3IDOVE- SN:2262 January 9, 2012

Dynamic Range f(E-field)
(TEM cell , f =900 MHz)

10°
10°
04
5
= I
B |
2 10°4
@ [
5 |
a3 e
=
104 E—
107
107
10"
2
= % 1
3 |
= D4
g |
w .
11 |
100 10 107 10
E [W/m]
L&) L. .|
X compansated X not compensated Y campensated
. . .|
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ER3-2262_Jan12 Page 8 of 10
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Annex E to Test report no.: 1-4254/12-17-05 CELEQM

ER3DVE- SN:2262 January 9, 2012

Deviation from Isotropy in Air
Error (¢, ), f =900 MHz

-0 -08 -08 -04 -02 00 02 04 06 08 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Certificate No: ER3-2262_Jan12 Page 9of 10
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Annex E to Test report no.: 1-4254/12-17-05

CETECOM"
L

ERZDWVE— SN:2362

danuaiy @, ML

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2262

Other Probe Parametars

Sensor Arrangement Rectangular
Connactor Angle (%) 4.4
Mechanical Sudace Detection Mode enabled
Oplical Surface Detection Made - disabled |
Probe Querall Lenglh 337 rm
Frobe Body Diameter 10 rmm
Tip Length 10 mm.
Tip Diameter ) 3 mm
Probe Tip 10 Senser X Calibration Paint 25 mm |
Probe Tip to Sensor ¥ Calibration Point 25 mm
Frobe Tip o Sensor 2 Calibration Poinl 2.8 mm

Cerlificate No: ER3-2262 Jan12

Page 10 of 10
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Calibration report “Probe H3DV6”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taralura
Swiss Callbration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamaent for the recognition of calibration cortificates

cient  Cetecom Certificate No: H3-6086_Jan12
CALIBRATION CERTIFICATE |
Object H3DV6 - SN:6086
Calibration procedurs(s) QA CAL-D3.v \ GN.-ES.\I'4
Calibration procedure for H-field probes optimized for close near field
‘evaluations in air
Calibration date: ‘January 14, 2012

This calbwation ceriificale documents the traceability o national standards, which realize the physical units of measuremants (S1)
The measurements and the uncertaintias with confidence probability are given on the following pages and ara par of the certificate,

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D Cal Date (Cerificale No.) Scheduled Calibration

Powar mater E44198 GB41203874 31-Mar-11 (Mo. 217-01372) Apr-12

Power sensor E44124 MY 41408087 31-Mar-11 (No. 217-01372) Apr-12

Raference 3 d8 Altenuator SN: 35054 (3c) 29-Mar-11 (No. 217-01360) Apr-12

Reference 20 dB Attenuator SN: 55086 (20b) 29-Mar-11 (No. 217-01367) Apr-12

Reference 30 dB Attenuator SN: 55129 (30b) 20-Mar-11 (Mo. 217-01370) Apr-12

Referance Probe HADVE SHh: 6182 11-Oct-11 {No. H3-6182_Oct11) Ocl-12

DAE4 SN: 789 B-Apr-11 (No. DAE4-T88_Apri1) Apr-12

Secondary Standards [»] Cheack Date (in house} Scheduled Check

RF generator HP 8646C US3642U01700 4-Aug-99 (In house check Apr-11) In house check: Apr-13

Network Analyzer HP BT53E US37380585 18-O¢t-01 (in house check Oct-11) In house check: Oct-12
Name Functian Signatura

Cakbrated by: Jeton Kasirall Lﬂ:miﬁq Technician
Approved by: Kalja Pokovic Technical Manager

Issued: January 17, 2012

This calibration certificate shall not be reproduced excepl in full without witten approval of the laboratory.

Ceriificate No: H3-6086_Jan12 Page 1 of 10
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Annex E to Test report no.: 1-4254/12-17-05 CL[L.COMW

Calibration Lahoratory of
Schmid & Partper

Engineering AG
Zeughausetragse 43, 5004 Zurich, Switzerland

Schwelzerischer Kalibrlerd|ensy
Service suisse délalonnage
Servizlo svizsero di taratia
Bwiss Calibration Service

Accradiled by lhe Swiss Acrraditation Serrce [SAS) Accreditation No.: SCS 108
The &wisa Accreditation Service is one of the slgnatgries 1o the EA
Mulfilaleral Agreamenl far the recognilion of calibration certificales

Glossary:

NORM:x.y,2 sansilivity in frae space

DoP diode compression peint

CF crest factor {1/duly_cycle) of the RF signal

A B G modulation dependent linearizalion parameters

Polarization o p rotation around probe axis

Folarizalion & A rotation around an axis that iz in the plane nomnal (o probe sxis (@b measurement center),
La, 8 =0is normal to probe axis

Connector Angle information used in DASY system lo align probe sensor X to the robot soordinate system

Calibratien is Performed According to the Following Standards:
a) [EEE Std 130%-2005, " |IEEE Standard for calibralion of electromagnetic fisld sensors and probes, excluding
ardennas, from 8 kHz o 40 GHZ', December 2005,

Methods Applied and Interpretation of Parameters:
*+  NORMxy,z: Assessed for E-field polarizatien 8 = 0 for XY sensors and 3 = 30 for 2 sensor (f < 990 MHz in
TEM-zell; f = 1800 MHz: R22 waveguide).

» XY ZM_altalsaZ= X ¥,.2_alatal* frequency_response (See Frequency Response Chart).

= DCOx pz: DCF are numerical lineanzation parameters assessed based 0n the data of power swaep with W
signal {no uncertainty requiretd). DCEP does nat depend on frequency nor media,

+ PAR:PAR 5 the Peak 10 Average Ratic thal is nol calibrated but determined based on the signal
characteristics

 Ar ke Bz Cxpz VRxyz: A 8, C are numerical lingarization parameaters assessed based on the data of
poswer sweep for speciflic medulation signal. The parameters do not depend on frequency nor media. VR is the
maximym calibration rangs expressed in BMS voltage across the dinde,

¢+ Spharical isciropy (30 deviation from isotropy): ina tacally hamogenaaus field realized wsing an apen
waveguide setup,

+  SensocrOffeat The sensor affset corresponds to the offset of virtual measuremant center fram the probe lip
{on probe axish No toleranca required,

*  Connector Angle: The angle is assessad using the inforreation gained by determining the X_abiais? fno
uncerainty required),

Cerficale Mo: B3-60BE_Janiz Page & of 10
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HIDWE — SN:E08RE Janrary 14, 2012

Probe H3DVO6

SN:6086

Manufactured:  June 1, 2001
Calibrated: Jdanuary 14, 2012

Calibrated for DASY/EASY Systems

{Mote: non-campatible with DASY2 syslem!]

Cerficate Mo: H3-6085_Jan1Z Fage 2 ol 10
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Annex E to Test report no.: 1-4254/12-17-05

CETECOM"
———

HiDVa- SN 608G

Janoany 14, 2012

DASY/EASY - Parameters of Probe: H3DV6 - SN:6086

Basic Calibration Parameters

Sensor X, Sensar ¥ Sengor 2 Unies {k=2)
Mot {Adm f V{m\f)) al 2.02E-003 2.7TE-G03 3.0iE-O03 51 %
Norm {A/m / ~{myl) al -1.03E-04 -1.08E-004 -2.54E-Q04 + 51 %
Norm (&/m / vim)) a2 | -2.36E-005 1.31E-005 -3.75E-006 +51%
DCP (mv]" Bo.7 o1.7 82.2
Meodulation Calibration Parametars
[} Communicalipn System Mame PAR A 8 o VR tnct
dB | dB 48 my (k=2
10000 WY .04 x 000 | 000 100 BE.2 *2.2 %
. ¥ 000 | 000 1.00 par | ]
Fi 000 | 0a0 1.00 103.0

The reporied uncertainty of measurament is stated as the standard unceriainty of measurement
multiphied by the coverage factor k=2, which for 2 normal distribution corresponds to a coverage

probability of approximately 95%.

" Numerical |.nearization parametar UncoAJnty nal requied,

' Uncedainty is debermingd uging Ihe max, doviatioe fram lincar respanse applying roctangular distribulion and is expressod for the squace of The

Tl walue.

Cenificale Mo: H3-5086_Jan12

Page 4 of 40
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Annex E to Test report no.: 1-4254/12-17-05 mfgo_M

H3IDVE- SM:6086 January 14, 2012

Frequency Response of H-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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[ [ [] +
TEM (") RETt!F} TEHT&D"] RZQ_I.’QJD"I
Uncertainty of Frequency Response of H-field: £ 6.3% (k=2)
Certificate No: H3-6086_Jan12 Page 5 of 10
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Annex E to Test report no.: 1-4254/12-17-05 CETEQOM

H3IDVE- SN:6086 January 14, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM,0° =2500 MHz,R22,0°
, ;‘i .!i. b4 oo on fi 5 ; e~ Q, . . 54 oo o .Ir.
] ® [} [0 [} o [} [}
Tot x T Z Tod X Y Zz
Receiving Pattern (¢), 8 = 90°
=600 MHz, TEM,90° f=2500 MHz,R22,90"
E.c’? ' 0 04 D@ on P I“: g ar 04 oA oA i
L [ ' .-‘l
° . - [] . = 0 [
Tod X Y £ Tot X ¥ Z

Certificale No: H3-6086_Jan12

Page 6 of 10
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Annex E to Test report no.: 1-4254/12-17-05

H3DVE— SN:6086 January 14, 2012

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Receiving Pattern (¢), 9 = 90°
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)

Certificate No: H3-6086_Jan12 Page 7 of 10
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Annex E to Test report no.: 1-4254/12-17-05 “’E

EE
i

January 14, 2012

H3IDVE- SNB0BE
Dynamic Range f(H-field)
(TEM cell, f =900 MHz)
=
=
2
2
i
5
(=
=
107 10! [ 1o
H [AIm]
] | Le|
X com ted X not compensated ¥ compensated
& o *
¥ not compensated Z compensated Z nol compensated
2 :
= 1= i | .
2. %
g |
u 4
2 i . ~T
102 10-1 100 101
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| . L8]
X compensated X not compensated Y compensated
* . L+
Y not compansated Z compensated Z not compensatad
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: H3-6086_Jan12 Page 8 of 10
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Annex E to Test report no.: 1-4254/12-17-05 CELEQM

H3IDVE~ SM:6086 January 14, 2012

Deviation from Isotropy in Air
Error (¢, 9), f =900 MHz

-0 -08 08 -04 02 00 02 04 08 08 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Centificate No: H3-6086_Jan12 Page 9.0of 10

Page 21 of 42




Annex E to Test report no.: 1-4254/12-17-05 CETECOMW

H3I0VE— SN:GIG66 Jamway 14, 20172

DASY/EASY - Parameters of Probe: H3DV6 - SN:6086

Other Probe Farameters

“Sensor Atrangement " Rectangular |
Cannector Angle (°) =148
hMechanical Surface Detection Mode enabled
Optical Surface Detection Mods o disabled
‘Proba Overall Length T 3E |
Probe Body Diameter 10 mm
Tip Length o 20mm
Tip Diameter &mm
Probe Tip (o Sensor X Calibration Point - T T mm

"Probe Tip to Sensor T Calibration Poinl 3mm
Probe Tip o Sensor Z Galibration Pgint T

Certificate No. HI-B0BB_Jan12 Page 10 of 10
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Annex E to Test report no.: 1-4254/12-17-05

CETECOM

Calibration report “835 MHz HAC System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditalion Service (SAS)
The Swiss Accreditation Service is one of the signatories o the EA
Multilateral Agreament for the recognition of calibratlon certificates

Client  Cetecom

£
EAaNY
LT T

Schwelzerischer Kallbrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: CD835V3-1027_May12

CALIBRATION CERTIFICATE

Object

Calibration procedurs(s)

Calibration date:

CDB835V3 - SN: 1027

QA CAL-20.v6

Calibration procedure for dipoles in air

May 08, 2012

Calibration Equipment used (MATE critical for calibration)

This calibration cerificate documents the traceability to national standards, which realize the physical units of measuremeants (S1)
The measurements and the uncertainties with confidence probability are given on the following pages and are part of tha cerificata.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%

This calibration certificats shall not be reproduced except in full withaut written approval of the laboratary.

Primary Standards 10 & Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-4424 GB3T4B0T0M 05-Oct-11 (No. 217-01451) Oct-12
Powear sensor HP 84814 US37F2927e3 05-0ct-11 [ Na. 217-01451) Oct-12
Proba ER3DVE SN: 2336 29-Dec-11 (Mo, ER3-2336_Dec11) Dec-12
Probe H3OWVE SN: 6065 29-Dec-11 (No, H3-6065_Dec11) Dwc-12
DAE4 SN: 781 25-Apr-12 (No. DAE4-781_Apr12) Apr-13
Secondary Standards 1D # Chack Date (in hause) Scheduled Chack
Power metar Agilent 44198 SN: GB42420191 09-0ct-09 (in house check Oct-11) In house check: Oct-12
Power sensor HP B482H SN: 3318408450 09-0c1-08 (In housa check Oct-11) In house chack: Oct-12
Power sensor HP B482A SN: US37205597 02-0ct-09 (in house check Oct-11) In house check: Oct-12
Nowork Analyzar HP B753E US37330585 18-0ct-01 (in house check Oct-11) In house check: Oct-12
RF generator E44338 MY 41000675 03-Mov-04 (in house check Oct-11) In house chack: Oet-13
MName Function ignafure
Calibrated by: Claudio Laublar Labdratory Technician \
)
'a
Apgproved by: Fin Bomhaolt R&D Diractor

Issued: May 9, 2012

Certificate No: CD835V3-1027_May12
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The Swiss Accrodilatlen Service is ane of the slgnatories o the EA
Muitliateral Agreamant for the recogrition of ealibralion cerlificates

References

[1] ANSI-CEI19-2007
Amencan Nalional Standard far Methods of Measurement of Compatibiity between Wirsless Communications
Devices and Haaring Aids.

[2] ANSI-0E3.19-2011
American National Standard, Methods of Measurement of Compatibility between Wireless Cornmunications
Devices and Hearing Aids,

Methods Applied and Interpretation of Parameters:

+  Coordinate Syslem: y-axis is in he direclion of the dipale arms. 2-axis is from the basis of the antenna
{meunied on the lable) towards its feed point belween the two dipole arms. x-axis is normal 1o the olher axes,
It coincidenee with the standards (1], the measurement planes (probe sensor center) are selected to be ata
diglance of 10 mm (15 mrm for [2]) above the top metal edge of the dipole anms,

v Moasuremen! Conditions: Further delails ars available from the hardeopies al the end of the ceriticale. All
figures stated in the cerlificale are valid at the frequency indicated. The forward power o the dipole connector
is sel with a calibrated power meter connected and monitargd with an auxiliary power meter connected to a
dirzctional coupler. While the dipole under test iz connected, the forward powar is adjusted to the same level.

+  Anfenna Positioning: The dipole is mounted on a HAC Test Arch phantem using the matching dipale
positioner with the arms horizontal and the feeding cable coming from the floor. The measurements are
performed in a shieldsd room with absorbers arcund the setup to reduce the rellections,

ILis verdied before the mounting of the dipele under the Test Arch phantorn, that its arms are perfeclly in a
line. Itis installed on the HAC dipole positioner with its arms parallel below the dietectric reference wire and
atle to move elastically in vertical direction without changing its relative position to the top center of the Test
Arch phantom. The vertical distance to the probe i2 adjusied aller dipole mounting with a DASYS Surdace
Check job. Belore the measuremenl, the distance between phantom surface and probe tip is verilied, The
proper measurement distance is selected by chavsing the matching section of the HAC Test Arch phanlom
with the proper device reference point fupper suriace of the dipole) and the matching grid reference point ilip
of the probe) considering the probe sensor oifsel. The vertical distance to I1he probe is essential for the
ACCUracy.

= Feed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impadance is specified 2t the SMA connactor of the dipole. Tha influence of reflections was
eliminating by applying the averaging iunclion while moving the dipole in the air, at least 70em away Irom any
obstacles.

v E-fieid distributicr: E field is measured in the x-y-pfane with an isotropic ERAD-field probe with 100 mV
forward power to the antenns taad paint, In accordance with {1] and [2], the sean area is 20mm wide, ils
length exceeds the dipole arm length (180 or 80mm). The sensar cenler is 10 mm (15 mm [or [2]) {in 2} above
the metaf top of the dipole amms, Two 30 maxima are available near the end of the dipole arms, Assuming the
dipole arms are perfectiy in one ling, the average of Ihese two maxima (in subgrid 2 and subgrid 8 is
determined to compensate for any non-parallelity to the measurement plane as well as the sensor
displagement. Tha E-lield value slated as calibration value represents the maximum of the interpolated aD-E-
field, in the plane abave the dipole sudace.

*  H-field digtribulion: H-field is measured with an isotropic H-tield probe with 100mW fanvard power to the
anlenna feed point, in the x-y-plane. The scan area and sansor distance is equivalent to the Efigld span. The
maximurm of Ihe field is available at the center {subgrid 8) ahove the faed point, The H-field value stated ==
calibratian value represents the maximum of the interpolated H-field, 10mm above the dipale surface al the
feed poinl,

The reported uncertainty of measurement is slated as ihe standard uncerainty of measurement mulliplied by the
coverage factor k=2, which for a normal distribution corresponds to 4 coverage probabilily of approsimalely 95%.

Cerilcate Ne: SOB35V2- 1027 _May1? Page 2 of 8
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Measurement Conditions
DABY systam configuration, as far as not given on page 1.

DASY Version DASYS Y32.8.1
Extrapolaticn Advanced Extrapadation

Phapiom HAC Test Arch

Distance Dipoie Top - Probe 19mm

Center 15mm

Scan resolution e, dy = & rm

Frequency 835 MHz = t MHz

Input power drift <0.05 dB

Maximum Field values at 835 MHz

H-field 10 mm above dipale surface condition interpolated maximum
Maximum measured 100 myY Input power 0.458 A7 m = 8.2 % {k=2)
E-fiald 10 mm above dipcle surface condition Interpolated maximum
Maximum measured above high end 100 mi¥ input power 169.2 VJSm
Maximum measured abave low end 100 MW input power 1824 ¥ #m
Averaged maximum above arm 100 mW input pawer 1658 V/m £ 12.8 %% {k=2)
E-field 15 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input pawer 1ME4 ¥im
taximum measured above low end 100 MW input power 106.0 ¥ /m
Averaged maximum above arm 100 W input power 107.2 V/m = 12.8 % {k=2)

Cerlificate Me: CDEISVI-1027_Mayi2 Page 3 af &
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Appendix

Antenna Parameters

Frequency Return Loss Impedance

507 hiHz 16.0dB 4194 -12.36
835 MH:z 23048 49,1 22 + B3 [
200 MHz 17.7 4B SH40-114(0
Q50 MHz 18008 EOO0 +127 )2
264 iikz 13.4 dB 587 +22.1 6

3.2 Anitenna Design and Handling

The calibration dipale has a symmetric gaometry with 2 built-in twe stuo matching netwark, which leads 1o the
anhaneed bandwidth.

The dipele is built ot standard semirigid coaxial cable. The internal matching line is open ended. The antenna is
theretore open for DC signals,

Do not apply foree to dipole arms, as they are liable 10 bend. The seidared cannections naar the feedpaint may be
damaged. After excessive mechanical stress or averheating, chisck the mpedance charactaristics to ensure that the
internal malehing network is not affecled,

After long term use with 40W radiatad power, only a slight warming of the dipale near the feedpoind can be measured.

Gerificate No: CDB35V3-1027_May12 Pagad ol
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Impedance Measurement Plot

8 May 2012 17:34:16

CHi 511 LOG S dB/REF -15 o8 21-22,931 dB  §35.000 000 MHz
W
CH Markers
_J’ 11-195.974 4B
cor \ - £00.000 HHz
\ 1 2-17.712 dB
AREBO0 MHz
A £ ﬁ ;
4i=-17.971 4d8
i \‘f N 350.008 MHz
16 S:-13.371 dB
250,000 MHz
Hld
EFE s11 1 U Fs 249,143 0 523380 1.4931nH 835,000 000 HHz
Del CH2Z Markers
1:41.520 ¢
Cor ~12,338 ¢
280,808 MHz
=
78351 8
00,880 MH
e a4
18 433578
50,600 MHz
=
Hid 351425
_ 960,008 MHz
START 335,808 808 MHz STOP 1 335,000 @68 NHz
Certificate No: CDB35V3-1027_May12 Page 5of 8
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DASY4 H-field Result

Date: 08.05.2012

Test Laboratory: SPEAG Lab2
DUT: HAC-Dipole 835 MHz: Type: CD835V3; Serial: CD835V3 - SN: 1027

Communication System: CW; Frequency: 835 MHz

Medium parameters used: a =0 mho/m, £ = 1; p= | kg/m’
Phantom section: RF Section

Measurement Standard: DASYS (IEEENECIANSI C63.19-2007)

DASY52 Configuration:

Prabe: H3DVE - SNE06S; ; Calibrated: 29.12.2011

Sensor-Surface: (Fix Surface)

Electronics: DAE4 5n781; Calibrated: 25.04.2012

Phantom: HAC Test Arch with AMCC; Type: 5D HAC P01 BA; Serial: 1070
DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

o 8 8 8 @

Dipole H-Field measurement @ 835MHz/H-Scan - 835MHz d=10mm/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 0.4870 A/m; Power Drift = 0.00 dB

PMR not calibrated. PMF = 1.000 is applied.

H-field emissions = 0,4580 A/m

Near-field category: M4 (AWF 0 dB)

PMF scaled H-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
0.380 A/m |0.396 Afm |0.372 A/m
Grid 4 M4 |Grid 5 M4 |Grid 6 M4
0.440 A/m |0.458 Af/m 0.429 Afm
Grid 7 M4 |Grid 8 M4 |Grid 9 M4
0.396 A/m [0.412 A/m [0.381 A/m

4,39

-8.78

-13.16

-17.55

-21.94

0dB=0.458 Afm =-6.78 dB A/m

Certificale No: CDB35V3-1027_May12 Page Gof 8
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Calibration report “1880 MHz HAC System validation dipole”

Calibration Laboratory of
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Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
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Schweizerischer Kallbrierdienst
Sarvice suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: CD1880V3-1021_May12

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Callbration date:

CD1880V3 - SN: 1021

QA CAL-20.v6

Calibration procedure for dipoles in air

May 08, 2012

Calibration Equipment used (MATE critical for calibration)

This calibration certificate documents the fraceability to national standards, which realize the physical units of measurements (SI).
The measuremants and the uncertaintias with confidence probability are glven on the following pages and are part of the certificate

Al calibrations have bean conducted in the closed laboratory facility: envirenmant temparature (22 = 3)°C and humidity «< 70%.

This calibration cerlificate shall not be reproduced except in full without written approval of the laboralory.

Primary Standards 1D ¥ Cal Date (Certificate No.) Scheduled Calibration

Powar miotar EPM-4424 GB3T480704 05-0ct-11 (Mo, 217-01451) Oct-12

Power sensor HP 84814 USavazras 05-0c1-11 { No. 217-01451) Oct-12

Proba ER3DVE SN: 2336 28-Dec-11 (Mo. ER3-2336_Dec11) Dec-12

Probe H3OVE SN: 6085 29-Dec-11 (No, H3-6065_Dec11) Dec-12

DAE4 Sh: 781 25-Apr-12 (No. DAE4-7B1_Apri2) Apr-13

Secondary Standards D # Check Date (in house) Scheduled Check

Power meter Agilent 44158 SN: GB42420191 09-0ct-03 (In house check Oct-11) In house check: Oct-12

Power sensor HP B482H SN: 331BAD9450 09-0ct-09 (in house check Oct-11) In housa check: Oct-12

Power sansor HP 84824 SN: US3rzo5597 09-0ct-09 (in house chack Oct-11) in house check: Oct-12

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-11) In house check: Oct-12

RF generator E44338 MY 41000875 03-Mov-04 {in house check Oct-11) In house check: Oct-13
Name Function Sigriatyre

Calibrated by: Claudio Laublr Laberatary Technician ]

Approved by: Fin Bomholt RA&D Director

Issued: May 9, 2012

Centilicate No: CD1880V3-1021_May12
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- ERN 3
Schmid & Partner % ‘*———*'5& ¢ Service sulsse détalonnage
Engl’neering AG T Seryl2io svittero di taralura
Zeughausstrasse 43, BO0A Furich, Bwikzeclang idﬁ‘\? 5 Swiss Calibration Service
(AL
Accraditeg hy the Swiss Accladiiation Seovice (SAS) Accreditation Mo SCS 108

The Swiss Accreditation Service 15 one of the signatorles to the EA
Multilataral Agrearmienl [er the recogrilion of callbratlon ceelificatas

References

i1] ANS|-CHE3,19-2007
Armerizan Natioral Standard for Melhods of Measurement of Compatibility between Wireless Communications
Drevices and Hearing Aids,

2] ANSI-C63.18-2011
Ametizan MNational Standard, Methods of Measurement of Compatibility belwean Wirsless Communications
Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

+  Coordinale System: y-axis is in the directicn of the dipale arms, z-axis is from Ihe basis of the antenna
{maunted on the fable} towards its feed point belween the two dipole arms. x-axis is normal to the oiher zxes.
In coincidence with the standards [1], the measurement planes (probe sensor cenker} are selected to be at a
digtance af 10 mm {15 mm {or [2]) above the top metal edge of the dipole arms.

«  Measuremant Conditions: Furlher details are available from the hardeopies al the end of the certiticate, Al
figures stated in the certificate are valid al the frequency indicated. The ferward power to the dipale connector
is st with a calibrated power meter cannected and monitored with an auxiliary power meter connected o a
directional covpler, While the dipale under test is connestad, the forward power is adjusted to the same laval,

v Anterna Positioning: The dipale is mounted an 3 HAC Test Arch phastom using the matching dipole
posilioner with Ihe anms herfzontal and tha leeding cable coming from \he floor. The measurements are
perfermed in a shielded room with absorbers arcund the setup to reduce the reflections,

Itis venlied belare the mounting of the dipole under the Test Arch phantom, that its arms are perfectly in a
ling, It is installed on the HAGC dipole pesitioner with its arms parallel below the diglectric reference wire and
abla la move elastically in vertical direction without changing its relative position to the Wp eenter of the Test
Arch phantom. The vartical distance to the probe is adjusted afler dipale mounling with a DASYS Surface
Check job. Betare the measurement, the distance belween phantom surface and prebe tip is veritied. The
proper measurement dislance is selected by choosing the matching sactian of the HAC Test Arch phantam
with the proper device raference paoint {upper surace ot the dipole) and the ratehing grid reference point (tip
of the prebe) considering the probe sensor offset. The verical distance to Ihe probe is essential for the
accuracy,

= Fead Point impedance and Returm Loss: These parameters are measured using a HP §763E Vectar Metwork
Analyzer, The impedance is sparified at the SMA connactor of the dipale. The influence of reflections was
eliminating by applying the averaging function while maving the dipole in the air, at least 70cm away from any
abstacles,

=  E-fiefd dishtibution: E field is measured in the x-y-pfane with an isoiropic ER30-fisld probe with 100 mwW
forward power to the anlenna fesd point. In accordance with [1] and [2], the scan area is 20mim wide, its
lengih exceeds the dipale arm length (180 or 90mm). The sansor cenler is 10 mm (15 mm for 2]} {in 2) above
the metal top of the dipole arms, Two 30 maxima are available near the end of the dipole arms. Assuming the
dipole arms are perigctly in one line, the average of Ihese two maxima (in subgrid 2 and subgrid 8) is
determined to compensate tor any non-paralleliiy 1o the measuremant plane as well as the sensor
displacement. The E-field value stalad as calibration value represents the maximurn of the interpolated 30-E-
field, in the plane above the dipale surface.

+  H-fighd oisiribubion: H-field is measured with an isotropic H-field prabe with 100mW forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance is equivalent 1o the E-ficld scan, The
maximun of the lield is available at the center {subgrid 5) above Ihe feed point. The H-field value stated as
calibration value represents the maumum of the interpolaled H-figld, 10mm above the dipale sudace at the
feed paini.

The reported uncertainty of measurement is staled as the standard uncerainty of measurement multiplied by the
covarage factor k=2, which for & normal distribution corresponds 1o a coverage prebability of approximalely 95%.

Certificate Mo COM880V3-1021_Mayi2 Page 2 at 10
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Measurement Conditions

RASY systam conliguralion, a3 far as not given on page 1.
DASY Version DASYS wE2.8.1
Extrapalation Advanced Extrapolation
Phantom HAZ Tesl Arch
Distance Dipole Top - Prebe T0mm
Center 15mm
Scan resclution dx. dy =5 mm

1730 MHz = 1 MHz

Frequency 1880 MHz + 1 MHz
Input power drift < 0.05 dB
Maxirnum Field values at 1730 MHz
H-field 19 mm above dipole surface condition interpolated maximum

Maximrm measured

100 miy inpul power

0487 Afm £ 8.2 % (k=2)

Maximum measured above low end

E-fizld 10 mm akbove dipale surface condition Interpolated maximum
Maximum measured above high end 100 WY input power 1553 V4 m
100 MWW inpul power 14925 im

Averaged maximoem above arm

100 mW input power

TE26V/m = 12.8 % (R=2)

Maxirmum measured above low end

E-field 15 mm above dipole surface candition Interpolated maximum
Maxirnum measured abave high end 100 ri input power 87.4Vim
100 mW input power SE8avim

Averaged maximum above arm

103 mW input power

97.2VIim+128 % (k=2)

Maximum Field values at 1880 MHz

H-field 10 mm above dipole sudface

cortditior

interpolated maximum

Maximum measured

100 M input power

0.455 A/ m + 8.2 % (k=2)

Maxirmum measured above low end

E-field 13 mm above dipole surface cendition Intarpolated maximum
Mazximum measured above high end 100 MW input power 1388V im
100 MWy input power 1387 ¥/ m

Averaged maximum above arm

100 mW inpul pawer

139.8 V/im +12.8 % (k=2)

E-field 15 mm above dipole surface

conditipn

Interpalated maximum

Maximum measured above high end

140 MW input power

MO0V Im

Maximum measured abova [ow end

100 miWY input power

ETBVim

Averaged maximum above grm

100 MWW input power

89.3V/m =+ 125 % (k=2)

Cediicale Mo: CO1880V3-1621_May12
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Appendix

Antenna Parameters

MNominal Frequencies

Fregueney Return Loss Impedance

1730 MHz J1.3dB E2EH04+ 002
18680 MHz 15.53 dB 47.9 01+ 9.6 2
1900 MHz c0adE BO4LL+91 02
1950 kH2 264 4B 5220 +440
2000 MHz 202 dB 43,80+ 670

3.2 Antenna Design and Handling

The calibration dipale has & symmetric geametry with & quilt-in Iwo slub matching netwark, which leads Io the

anhanced bandwidlh,
The dipole is built of standard semirigid coaxial calile, The internal matching line is open ended, The antenna is

therefare open for DC signals.
Do not apply lorce to dipele arms, as they are liable 1o band, The soldered eannaetions near the feedpainl may be
damaged, After excessive machanical strass or overheating, check the impedance charactesistics 1o ensure that the

internal matching retwork is not alfected.

After long lerm use with 40%W radiated power, anly 4 slight warming of the dipole near the feedpoint can be measured.

Cortificate Me: CIHMB80VE-1021 _May12 Page 4 of 10
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Impedance Measurement Plot

B May 2012 417:39:16
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DASYS H-field Result

Dae: 08.05.2012

Test Laboratory: SPEAG Lab2
DUT: HAC Dipole 1880 MHz; Type: CDISB0V3; Serial: CDISS0V3 - SN: 1021

Communication System: CW: Frequency: 1880 MHz, Frc;{ucnc;.-: 1730 MHz
Medium parameters used: o = 0 mho/m, &= 1; p= 1 kg/m

Phantom section: RF Section

Measurememt Standard: DASYS (IEEEMEC/ANSI C63.19-2007)

DASYS2 Configuration:

Probe: HIDV6 - SNE0GS; ; Callbrated: 29.12.2011

Sensor-Surface: (Fix Surface)

Electronics: DAE4 5n781; Calibrated: 25.04.2012

Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA; Serfal: 1070
DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

- 8 8 & @

Dipole H-Field measurement @ 1880MHz/H-Scan - 1880MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=3mm, dy=3mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 0.4850 A/m; Power Drift = 0.02 dB

PMR not calibrated. PMF = 1.000 is applied.

H-feld emissions = 0.4591 Afm

Near-field category: M2 (AWF 0 dR)

PMF scaled H-field

Grid 1 M2 |Grid 2 M2 |Grid 3 M2
0.402 A/m |0.416 A/m [0.393 A/m
Grid 4 M2 |Grid 5 M2 |Grid 6 M2
0.443 A/m |0.459 A/m [0.433 A/m
Grid 7 M2 |Grid 8 M2 |Grid 9 M2
0.405 Afm|0.423 A/m |0.397 A/m

Cartificate No: CD1880V3-1021_May12 Page 6 of 10
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Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineeiing AG
Zeughausstrasee 43, 3604 Zyrich, Switzerdana

Accredited by the Swiss Accrodnation Sarvice (SAS)

Sohemtizerischer Kalibrierdienst
Servlce zuizse delalgnnage
Servizio gvizrerc i taratora
Swiss Calibratlon Service

Ateredilation Mo.: SCE 108

The Swiss Accredilalion Service is one of the slgnaiaries to fie EA
Mullifaleral Agréemant tor the reccgnilion o calibration cerfilicates

Client Cetecom

Certiicate No: DAE3-477_Mayl2

|CALIBRATION CERTIFICATE

et DAE3 - S0 000 D03 AA - SN: 477

Calibration procedursls) QA CAL-06.v24

Caharalen date: May 0%, 2012

Lalibratian Equipmenl irsce (MATE critical for calibration)

Calibration procadure for the data acquisition electronics (DAE)

Th's calibraion cenificate thacunions 1M Iriceal ity ko naticnal standards, waen real2e e physecal unis of measdramans [S1.
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7 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

Itam SAM Twin Phantom V4.0

Typa No Q0 000 P40 BA

Seres No TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation {o test of first articles.

Complete tests were made an the pre-series Type No. QD 000 P43 AA, Serial Ne. TP-1001 and on the
serias first article Type No. QD 000 P40 BA, Seral No. TR-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Raguireément Details Linits tested

Shape Compliance wilh the geometry IT'IS CAD Five () First article,
gccording ta Lhe CAD modal. Samples

Material thickness | Complkant with the reguirsments 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity < 5 | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested {0 be Liquid type HSL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
tha slandards the standard.

Standards

[1] CENELEC EN 50381

[2] |EEE P1528-200x draft 6.5

(3) |EC PT 62209 draft 0.9

[ The IT1S CAD file is derived from [2] and is alsa wilhin the tolerance requirements of the shapes of
[1] and [3].

Contormity

Based on the sample tesls above, we cerlify that this item is in compliance with Lhe uncertainty
requirements of SAR measurements specified in standard 1] and draft standards [2] and [3).

Date 18.11.2001

b v e PR
N s/fé«.‘.’/’ég Schmid & Partner % ;/,fﬂ:{/ft’/#
ignature { Stamp Engineearing AG

Zeughavnstrsise 43, =H-Boed4 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 281 QD 400 PADBA - B Page 143
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8  Application Note System Performance Check

8.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

8.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment“-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

* The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within £ 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance® should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

» The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

8.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% + 3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 0.6% 0
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 + 0.6% 1+ 0.6% 0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% 0
Response time + 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
Integration time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 +1.7% +1.7% 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 1+ 0.2% 1+ 0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% o0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+5.0% Rectangular [V3 [0.6 [0.49 [£1.7% +1.4% ©
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 |0.49 |£1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 |0.7 [0 0 0
Boundary effects +1.0% Rectangular [V3 |1 1 0 0 0
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 0
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics +1.0% Normal 1 1 1 0 0 0
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 0
Integration time 1 0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% o0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% o0
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 049 |£1.5% +1.2% o0
Combined Uncertainty +5.3% +4.9%
Expanded Std. *+10.6% +9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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8.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dit.
. idB v
Signal Low cable
Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
Artl

&) —==
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

+ The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

* The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

» The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.
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* Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

» Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

8.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

8.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.

Page 42 of 42



