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Annex B: Probe and dipole descriptions and calibration certificates

B.1 Probe and measurement chain descriptions and specifications
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DASY Dosimetric Assessment System by Schimid & Partner Engineering AG

H30WE - Isotropic H-Probe

= Hearing Aid Compatibility (HAC) Ext

= Tizsue Simulating Liquids

http://www_dasy4.com/er3 htm

ER3DV6 ISOTROPIC E-FIELD PROBE FOR GENERAL NEAR-FIELD
MEASUREMENTS

" Download Product Flver {PDF, 192kB)

Construction One dipole parallel, two dipoles normal to probe axis
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g.,
glycolether)

Calibration In air from 100 MHz to 3.0 GHz (absoclute accuracy £6.0%, k=2)
Frequency 100 MHz to > 6 GHz; Linearity: + 0.2 dB (100 MHz to 3 GHz)
Directivity + (0.2 dB in air (rotation around probe axis)

+ 0.4 dB in air (rotation normal to probe axis)
Dynamic Range 2 W/m to = 1000 VW/m; Linearity: + 0.2 dB

Dimensions Cverall length: 330 mm (Tip: 16 mm)
Tip diameter: & mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.5 mm

Application General near-field measurements up to 6 GHz
Field component measurements
Fast automatic scanning in phantoms
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DASY Dosimetric Assessment System by Sclumd & Partner Engineering AG

Mews | Sales | Contact

Products

ERZ0VE - Isotmiic E-Prabe

" Hearing Aid Compatibility (HAC) Ext

» Tiszue Simulating Liquids

hitp:/f'www.dasy4.com/h3d htm

H3DV6 3-DIMENSIONAL H-FIELD PROBE FOR SMALL BAND

APPLICATIONS

B Download Product Flver (PDF, 192kB)

Construction Three concentric loop sensors with 3.8 mm loop diameters
Resistively loaded detector diodes for linear response
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g.,
glycolether)

Frequency 200 MHz to 3 GHz (absolute accuracy £ 6.0%, k=2);
Qutput linsarized

Directivity % 0,25 dB (spherical isotropy error)

Dynamic Range
E-Field Interference

Dimensions

Application

10 mA/m to 2 A/m at 1 GHz
< 10% at 3 GHz (for plane wave)

Overall length: 330 mm (Tip: 40 mm)
Tip diameter: 6 mm {Body: 12 mm)
Distance from probe tip to dipole centers: 3 mm

General magnetic near-field measurements up to 3 GHz
Field component measurements

Surface current measurements

Measurements in air or liguids

Low interaction with the measured field
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All measurements were performed to the nearest element point as per the C63.19 standard. Offset
distances were entered in the DASY4 software so that the measurement was to the nearest element.

Figures 1 and 2, provided by the manufacturer, illustrate detail of the probe tip and its dimensions.

ER3DV6 E-Field probe: The distances from the probe tip to the closest points on the dipole sensors are
1.45mm for X and Y and 1.25mm for Z. From the probe tip to the center of the sensors is 2.5mm.

H3DV6 H-Field probe: The distance from the probe tip to the closest point of the X, Y and Z loop sensors
is 1.1mm. From the probe tip to the center of the sensor is 3.00mm.

E —Field
Probe

Nearest
point on
Ih_e probe

1cl
T
Gauge J' T
Top surface of

EUT dipole
Center of
dipole

E-Field Probe (ER3DV6)

H —Field
Probe Nearest
paint on
the probe
() element
ILALLETIE ) T
1em
T
Gauge J'
Top surface of

EUT dipole
Center of
dipole

H-Field Probe (H3DV®6)
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The following information is from the system manufacturer user manual describing the process chain:

The first step of the evaluation i= a linearization of the filtersd nput signal to account for the
compression characteristics of the detector diode, The compensation depends on the input signal.
the diode type and the DC-transmission factor from the diode to the evaluation electromes. If the
exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for
pealk power. The formula for each channel can be given as:

. . o cf
Vi=0L+07 - 20,15
Podep; I: !
with 1] = compensated signal of channel 1 (1=x v, %)
(FF, = input signal of channel 1 l=x v, %)
cf = crest factor of exciting field (DASY parameter)

dem; = diode compression point (DASY parameter)

From the compensated input signals the primary field data for each channel can be evaluated:

f Vi
E — fieldprobes : E; = ]I'II Norm ConiE
| Norm; - Conu

g + f + r452f2

H — fieldprobes H, =+/V;-
i)
with V5 = compensated signal of channel i 1=x v )
Naormy — =en=or sensitivity of channel 1 1=x v )
pV/(V,/m)? for E-field Probes
ConuF = sensitivity enhancement in solution
i = =en=or sensitivity factors for H-field probes
f = carrier frequency [GHz]
E; = electric field strength of channel i in ¥V/m
H; = magnetic field strength of chanmnel 1 in A/m

The BSS value of the field components gives the total field strength (Hermitian magnitude):

Eppt = \',.-"E_'f. + EZ2 + E? (20.2)

The measurement / integration time per point is > 500 ms, as per the system manufacturer:

The tune response of the field probes has been assessed by exposing the probe to a well-controlled
field producing signals larger than HAC E- and H-fields of class M4, The signal response time is
evaluated as the time required by the system to reach 90% of the expected final value after an
onfoff switch of the power source with an ntegration time of 500 ms and a probe response time of
<hms. In the current implementation, DASYd waits longer than 100 ms after having reached the
orid point before starting a measurement, i.e.. the response time uncertainty is negligible.

It the device under test does not emit a W signal, the integration time applied to measure the
electric field at a specific point may mtroduce additional uncertainties due to the discretization.
The tolerances for the different svstems had the worst-case of 2.6%.
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B.2 Probe and dipole calibration certificates
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 3004 Zurich, Switzerland

§ Schwalzerischar Kalibriardisnat
Sarvice sulsse d'étalonnage
Sarvizio svizzors dl taratura

S Swiss Calibration Servies

Acoredited by the Swiss Feceral Office of Metralogy and Accrediiabion Accraditation Ne.: SCS 108

The Swiss Accreditation Service Is one of the signatores to the EA

Multilateral Agreament for the recognition of callbration certificates

Calbeation procaduna(s)

Calibration date:

| Candition of the cabbated iem

This calibration cedificate documants the iraceatdity te national standands, which realize the physical units of measuremants (51}
Thi reasuramants and the uncertainties with confidance probabslity ane ghven on the folowing pages and ane part of the cerlificats.
AR calivrations have been conducted in tha closed laboratary {aciiity: anvironment tempedatuns (22 4 3)°C and humidity < T0%.

Calibration Equipment usad (METE critical for calibration)

Prirary Standards 10 # : Cal Dale (Calibraied by, Carlificaie Na,) Scheculed Callbration
Peowar mater E44180 CE41203674 5-Apr-08 (METAS, Mo, 281-00457) ApraT

Powar sansor E44124 MY 41485277 S-Api-06 (METAS, No. 251-0055T) AprdT

Pirwar sorsor E44124 MY41458087 S-Apr-06 (METAS, Mo 251-005357) AprlT

Rafarance 3 4B Atenuatar SM: 55054 (3c) 11-Aug-05 (METAS, No. 251-00498) Aug-08

Raferance 20 08 Atlenuator SM: 55086 (200) 4-Apr-06 (ME TAS, Mo, 251-00558) Ape-07

Raference 30 08 Alenustor SN: 55120 (306) 11-Aug-0% (METAS, Mo, 251-00500) Auig-08

Reference Proba ER3DVE SN: 2328 3-Oct-05 (SPEAG, No. ER3-2328_Ocil5) Oet-06

DAE4 SN: 654 2-Fub-06 (SPEAG, No. DAE4-G54_FebDi) Fab-07

Sacondary Standards o Check Diate {in house) Schoduled Chegk

RF ganeralor HP BS4EC US342001700 d-Aug-28 (SPEAG, in housa chack Mow-05) In house chack: Mov-07
Network Analyrer HF 8753E USITIa0585 18-0ct-01 [SPEAG, in house check Nov-05) In house chock: Nov 06

Calibrated by:

Approved by

Imhmmmm nal be reproduced xcept in full without withen approval of the laboratory.

Catificate No: ERS-2285_AprOg Page 1 of 8
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Calibratlon Laboratory of G BchsmILchar Kalmedienst
Schmid & Pariner o Benies e PUTRTY .

Enginearing AG Servizia wizzere ol farabare
Zrughuncysiranns 43, B Zurich, Switpedand S swies Collbrtion Servica
Aondibng bry Bhe Swith Facwtal CHAce of Malmbtgy s Actnitsiog sccremtanon mo.: SCS 108
Tha Swiss ArcraRtation Barics b o of Bwr & grustorsan b the EQ
Mut| A qmt for the recogntion of calibnetion cerketes
Glossary:
NORMx,¥.Z sensitivity in frae space
LCP dinde compréssion paint
Polarizalion ¢ ¢ retation around probe axis
Polarlzation 3 4 rotation around an axes thal Is in the plene nomal 1o probe axis (al

measuremant cantar), e, 3 = 0 is normal to probe axis
Connector Angle  information used in DASY system to align probs sensor X 1o tha robot
coordinate system
LCalibration Is Performed According te the Following Standards:
a} [EEE Std 133-1996, * IEEE Standard for calibration of electromagnatic fisld sensors and
probes, sxcludirg sntennas, frm 9 kHz to 40 GHZ", 1998,
Mathods Applied and Interpretation of Parameters:
«  NORMxyx Assessed for E-fald polanization 8 = 0 for XY sensors and 8 = 90 for £ sensor
\ (f = 90 MHz in TEM-cell; > 1800 MHz: R22 wavaguide).

]
«  NOBM{Nx v.z = NORMX .2z * Fequency_nesponse (see Frequency Response Chart).

« DCPy yz: DCP are numerical lineariation parameders assessed based on the data of
power sweap (PG Uncertainty requirad). DCF does not depend on frequency.

»  Jphencal isatropy (30 deviation frorm isolfrapy) ina locally homogeneous field realized
using an opan waveguide satup,

= Sensov Offset. The sensor offsat comasponds to the offset of virlual measurament centear
from the probe tip [on probe axis), No tolerance required.

«  Connector Angle: Tha angle is assazsed using the information gained by determining the
NORMx (no uncertalnty requined).

Cartiicate No: ERE-ZI85_ApO6 Page 20D
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ERIDVE SN:2285

Probe ER3DV6

SN:2285

Manufactured:
Last calibrated:
Repaired:
Recalibrated:

Calibrate

September 20,

2002

November 11, 2005

April 20, 2006
April 27, 2006

d for DASY Systems

[Mata: nen-compati ble with 0ASY2 sysieml]

Carifcate Mor ERMWT2EE_AprDE

Fage 3ol &
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ERIDVE SN:2205 Apri) 27, 2006

DASY - Parameters of Probe: ER3IDVG SN:2285

Sensitivity in Free Spaca [uWmef] Diote Compression™
NormX 120 + 101 % (k=2) OCP X 83 mv
HormY 1.40 £ 101 % (k=2) DCPY 23 my
NormZ 1.54 + 101 % (k=2) OCPZ 88 mv
Frequency Commection
X 0.0
¥ 0.0
Z 0.0
Sensor Offset {Probe Tip to Sensar Canter)
X 2.5 mm
Y 2.5 mm
z 2.5 mm
Connector Anglke 78"

Tha reported uncertaety of measwramant is stated &s the standand uncertalnty of
maasuremant multiplisd by the coveraga factor ke, which for a normal distribistion
comesponds to a coverage probability of approximately 85%.

* ALIMe SO Pttty LarhiThy nel e s

Comtificate No: ERS-ZZB5_ApeDB Paged of 9
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Cartficate ho: ERG-2265_ApcE

Frequency Response of E-Field
(TEM-Call:ifl110 EXX, Waveguids R22)

15 - . — .
: !
14 - |
| -
i
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5 i
A 14 - '
i
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=
.;% ——
0F -
. | -
1
e - | S
1
' !
BB - m e e L . . -
i 500 1000 1800 2000 2500 000
T[MHz]
—xy: ——TEM - RZ
—_ ——TEM -8

Unceriainty of Frequancy Redporas of E-flald: £ 6,.2% {k=2)

Page Sof§
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ERIDVE SN:2285 April 27, 2006

Receiving Pattern (), 3 =0°

T = 2500 MHz, WS R22

fe 50 MHz, TEM I1110EXX

Cortificate No- ERZ-278%_AprdB Faga 8 of &
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ERIDVE SN 2288

Receiving Pattern {¢), 3 =0°

@ ;1) 1 164 240 200 -

Uncertainty of Axinl lsotropy Axyasament: & D.5% {keZ)

Receiving Pattern (¢}, 3 = 90°

O T
M - _ .
- (=30 MMz
_, 4 i some
oz R
Em e s e e 1BOOD MR
" | 2500 MHz
a8 .
4 | .
e ..
o & 120 180 240 200 50
L1y
Uncertalnty of Axlal lsotropy Assssament & 0.5% {le=2)
Cantficate b ER3-2265_Sw08 Paga 7408
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ERIDVG SN:-2235 April 27, 2006

Dynamic Range f{E-field)
(Waveguide R22, f = 1800 MHz)

1 19 E [Vim]

Uncartainty of Linsarity Azsssament: & 0.6°% (k=2]

Cortifica No: ERZ-2285_Aor0e Paga 819
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Deviation from Isotropy in Air
Error (¢, 8), f=900 MHz
)
g
w

W -1.00-0.80
Qo0.00-0.20

B-0.80-0.60
W0 20-0.40

1]
W -0.60-0.40 B -0.A40-0.20 B-3.20-0,00
0 0.40-0.80 B 0.60-0.80 W 0UB0-1.00

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

Cartificate Mo: ER3-2285_Aprld

Paga 9 of 8
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Author Data

Daoud Attayi

Dates

July 13-19, 31, 2006

Report No

RTS-0373-0607-14

FCCID

L6ARBF20CW

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switberiand

Accredited by the Swiss Federal Office of Matroiogy and Accredilation
Tha Swiss Accroditation Service ks one of the signatories to the EA
Multilatoral Agroamaent for the recognition of calibration certificates

Clignt

Accreditation No.?

Schweizerischer Kalibrierdisnst
Service suisse d'lalennags
Servizio svizpers di taratura
Swiss Callbration Service

SCS 108

Cartificate No: H3-6105_Nov05

CALIBRATION CERTIFICATE

Objact

Calibration procedures)

Calibration date:

Condition of the calibrated itam

Primary Standards

Pawer mater E44138
Povear sansor E44124
Power sensor E44134
Rederence 3 dB Allenusios
Reference 20 dB Attanuabor
| Rederence 30 dB Altanualor
| Rederence Probe HIDWE

| DRE4

Secondary Standards
RF generator HP B548C

Hatwork Analyzer HP BT53E

Caliprabed by

Approved by

This calibration cerificals shal nol b reproduced except in full without wisien opproval of the lasboratory.

H3DVE - SN:E105

QA CAL-03.v4

mmmmmwmmmﬂmmwm near field

aﬂnﬂinna‘h air

November 11, 2005
In Tolerance

Calibration Equipmant iad (MATE crilical for calibration]

This calibeation carificate documenis the traceability to national slanSards, which realde the physical units of measunemants (31
Thia maasurements and the uncertainbes with confidence probabdity ane given on tha foliowing pages and and pan of the cartilicata

All calibrations have been conducted in the closed laborstory facility: envionmant temperalune (22 + 3)°C and humicity < 70%

Technical Manages

Certificata No: H3-6105_MNowd5

|ow Cal Date (Calibrated by, Conificate Mo.) Schaduled Calbralion
| GB412538T4 I-Bay-05 (METAS, No. 251-00465) Mary -0

MY 41495277 I-May-05 (METAS, No, 251-00486) May-05

MY 1498087 FMay-05% [METAS, No. 251-D0466) May-06

SN: 55054 (3c) 11-Aug-08 (METAS, No. 251-00499) Aug-08

SN 55085 (20b) FMay-05 (METAS, No. 251-D04ET) Wy

SN 55128 (300) 11-Aug-05 (METAS, Ho. 251-00500) Aug-0E

SN B182 30ci-05 (SPEAG, No, H3-61682_Ocins) Oict-DE

SN G54 2T-0ci-05 (SPEAG, Mo DAE4-654_Ocill5) Oct-06

0o 8 Ghaick Date (in house) Schaculed Check
T_IS,BEA!UEH TOb d-Aug-9% |SPEAG, in house check Dec-(03) In housa chack: Dec-05
UE3T300585 18-0c-01 (SPEAG, in house chack Mov-04) In housa chack: Mow 08
Mame Function Signabung

Hico Vesteri Labewatory Technickan JU ;

o
Katja Pokovic

lssund: Nowamber 12, 2005

Page 10l &
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Calibration Laboratory of SN, Schwelzarscher Kallbrerdienst
Schmid & Partner i \::-_'\:// e Sarvics sulzze d'italonnege
Engineering AG =i Sarvizio svizzers di taratura
Zoughauswitanse 43, 3004 Zurich, Switteriand % 4@‘\‘9 Swisk Calibration Sandca
Agcredited by the Swiss Federsl Office of Metrlogy and Accroditation Accreditation No.: SCS 108

Tha Swiss Accredilation Service is one of the signatories ta the EA
Multiiasoral Agiesmant for the meapnition of callbratlon cartificaiss

Glossary:

NORMx,y.z sensitivity in free space

DCP diode compression point

Polarization ¢ ¢ rotation around probe axis

Patarization 9 8 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e.. $ = 0is normal to probe axis

Connector Angle  information used in DASY systern 1o align probe sensor X to the robot

coordinate system

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-1996, * |EEE Standard for calibration of electromagnstic field sensors and

probes, excluding antennas, from 9 kHz to 40 GHz", 1998,

Methods Applied and Interpretation of Parameters:

X,Y,Z_abala2: Assessed for E-field polarization 8 = 90 for XY sensors and 3 =0 for Z
sansor {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

X, Y.Z{ alata2= X Y Z_alala2* frequency_response (see Frequency Response Chart).

DCPyx,y,z: DCP are numerical linearization parameters assessed based on the data of
powsr swesp (no uncertainty required). DCP does not depend on frequency.

Spherical isotropy (3D deviation from isotrepy): in a locally homogeneous field realized
using an open waveguide setup.

Sensor Offsef. The sensor offset comrasponds to the offset of virtual measuremant canter
from the probe tip (on probe axis). No folerance required.

Connector Angle: The angle is assessed using the information gained by determining the
X_alata2 (no unceartainty required).

Certificate Mo: H3-6105_Nowv05 Paga2of 8
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November 11, 2005

H3DVE SN:6105

Probe H3DV6

SN:6105

January 4, 2002

Manufactured:
Last calibrated: December 10, 2004
Recalibrated: November 11, 2005

Calibrated for DASY Systems
{Nota: non-compatible with DASY2 systernl)

Carlificata No: H3-8105_Nov05 Paga 3of 8
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H3DVE SN:610%5 November 11, 2005

DASY - Parameters of Probe: H3DV6 SN:6105
Sensitivity in Free Space [A/m / ¥(uV)]

al al azZ
X 2.B35E03 115264 -2951E-5 1 5.1 % (k=2)
Y 2.554E-03 1.558E-4 -2.758E-5 5.1 % (k=2)
Fd 2.598E03  2.014E-5 -2.134E-5 5.1 % (k=2)

Diode Compression’

DCP X 88 mv
DCPY 88 mv
DCP Z 8O mv
Sensor Offset {Probe Tip to Sensor Center}
X 3.0 mm
Y 3.0 mm
Fd 3.0 mm
Connector Angle 282°

The reported uncertainty of measurement is stated as the standard uncertainty of
measurement multipliad by the coverags factor k=2, which for a normal distribution
commeaponds to a coverage probability of approxtmately 85%.

1 Arnd [ paramatar: uncertainty not required

Cartificate No: H3-6105_NovD5 Page 4 of&
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H3DVé SN:6105 November 11, 2008

Frequency Response of H-Field
(TEM-Coll:ifi110, Waveguide R22)

08
1] 500 1600 1500 2000 2500 3000
1 [\Hz)
. Y4 == TEM ——R22
— —4=TEM - R22
Uncertainty of Frequency Response of E-flsid: & 6.3% (k)
Gartificats No: H3~8105_Nav05 Page Sof B
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H3DVE SN:6105 November 11, 2005

Receiving Pattern (¢), 3 = 90°

f = 2500 MHz, WG R22

f= 300 MHz, TEM ifi110EXX

) Receiving Pattern (¢), 9 = 0°

1 =300 MHz, TEM Ifi110EXX f=2500 MHz, WG R22

Cartificats No: H3-8105_Nov05 Page 6of 8
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Receiving Pattern (¢), 9 = 30°

I
I
|
|
——30OMHz ||
g —=—E00MHz
E‘ —e—750MHz ‘i
& —.— 1800 MHz * |
—i— 2500 MHz:
0 60 120 180 240 300 360
41
Uncertainty of Axlal Isotropy Assessment: + 0.5% (k=2)
s — -]
Receiving Pattern (¢), 9 =0
— —o— 300 MHz |

T T | —m—800 MHz

E‘ —8—750 MHz
I —&— 1800 MHz |
—a— 2500 MHz |
0 60 120 180 240 300 260
+[71 ;

Uncertainty of Axlal lsotropy Assessmeant: + 0.5% (k=)
Centfficata No: H3-8105_Nowi5 Page T of 8
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Dynamic Range f(H-field)
{(Waveguide R22, f = 1800 MHz)

-

il
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1.E+D1 = e ———— e
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1.E+00 S | + e L
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Cartificate No: H3-6106_Nov05
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Author Data

Daoud Attayi

Dates

July 13-19, 31, 2006

Report No

RTS-0373-0607-

FCCID

14 L6ARBF20CW

Calihfaﬂnn Laboratory of E\.L\:'i-‘é;/’_ G Schweizerischer Kalibrierdienst
Schmid & Partner g2 c Sorvice suisse d'étalonnage
Engineering AG i_?%f__% - Servizio svizzere di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland "¢-x’:’i"—\\\.~"— S  Swiss Calibration Service
A i
Accredited by the Swiss Federal Office of Metrology and Accreditation Accreditation No.: SCS 108

Thie Swiss Accreditation Service i one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

client  IRIM Certificate No: CDB35V3-1011_Dec05
CALIBRATION CERTIFICATE
Objeet CD835V3 - SN: 1011

Calibration procedure(s)

Calibration date:

Conoition of the calibrated item

QA CAL-20.v4
Calibration procedure for dipoles in air

December 5, 2005

In Tolerance

This calisration cerificate documants the traceability to naticnal standards, which realize the physical unils of measurements {S1).
All calibrabons have been conduciad al an anvircnment 1emperature (22 + 3)°C and humidity < 7O0%

Calibration Equipment used (M&TE critical for calioration)

Primary Slandards =]} Cal Dabe (Calibrated by, Cerificala No.) Scheduled Calibration

Power meter EPM-4£24 GBEITL4E0704 Dd=0ct-05 (METAS, Mo. 251-00516) Oct-06

Prowar sansor HP 84814 US3ITEE2TEI 04-Oict-05 (METAS, Mo, 251-005186) Oct-06

Reference 20 dB Altenuator SM: 5088 {209} 11-Aug-05 (METAS, Mo 251-00498) Aug-08

Rafarenca 10 dB Attenuator SM: 5047.2 (10r) 11-Aug-05 (METAS, Mo 251-00458) Aug-08

Secondary Siandands 10 # Check Date (in house) Scheduled Chacs

Powar mater EPM-44158 GB43307ES 12-Awg-03 (SPEAG, in house check Oct-05) In house check: Oct-08

Power sensor HP B481A MY41083312 10=ALg=03 (SPEAG, in house check Dct-D5) In house check: Oct-07

Powar sansor HP 84814 MY41083315 10-Awg-03 (SPEAG. In house check Oct-06) In house check: Oct-06

Mabwork Analyzer HP B753E US3TIS0ERS 18-Cet-01 (SPEAG, in house chack Now-05) In houge checlc Naov-0D8

AF generator RS SMTOS 100005 26-Jul-04 (SPEAG, in housa check Mov-05) In house check: Mav-07

DAE4 SN 68D 16=Demc-04 (SPEAG, No. DAE4-201_Decld) Calivration, Dec-05

Proba ER3DVE SN 2336 J0-Jar-05 (SPEAG, No. ER3-2338_Jan05) Calibration, Jan-06

Frabe HIOWE SM. BI85 10-Dec-04 (SPEAG, Mo, HI-6085-Dechd) Calibration, Dec-05

Mama Functiocn Signafure

Calibrated by: Mike Meaili Laboratory Technician h W' 1

Jedy
| Apgreved by:

Fin Bomhait Technical Dirsttor f’;{:’:‘m ‘4 ;f’ff-/—

Issued: December 15, 2005

Thig calibrason certficats |8 isaued a2 an imeamediale sslulion until the specific calibration procadure | accapted in the frame of the
| acereditation of the Calibration Laboratary of Schmid & Pariner Engneenng AG (based on ISQIEC 17025 Internaticnal Standard)

Certificate No: COE35V3-1011_Dec0s
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Calibration Laboratory of S, Schweizerlscher Kalibrierdianst
Schmid & Partnher ﬁ g Servica sulsse d'étalonnage
Engineering AG i Servizio svizzero di taratura
Zaughaussirasse 43, 8004 Zurich, Switzariand f'"f.ﬁ\-‘“} S  swiss Calitration Sorvice
Accredited by the Swise Federal Offica of Metralogy and Actreditation Accreditstion No.2. SCS 108

Tiw Swiss Accreditation Service is one of tha signatories to the EA
Mudtilatersl Agrasment for tha recognltion of calibration certificates

Roferences

1

ANSI-PCE3.19-2001 (Draft 3.x, 2005)

American Mational Standard for Methods of Measurement of Compatibility between Wireless Communications

Devices and Hesring Aids.

Methods Applied and Interpretation of Parameters:

L

e

Coordinate Sysfem: y-axis is in the direction of the dipole amms. z-axis is from the basis of the antenna
{mountad on the table) towards its feed point between the two dipole arms. x-axis is nommal to the other axes.
In coincidence with standard [1], the measurement planes (probe sensor center) are selectad to be at a
distance of 10 mm above the top edge of the dipole arms.

Measurement Conditions: Further details are available from the hardcopies at the end of the certificate. All
figures stated in the certificate are valid at the frequency indlicated. The forward powar to the dipoks sonnector
is set with a calibrated power meter connected and monitored with an auxiliary power meter connacted o a
directional coupler. While the dipole under test is connected, the forward power is adjusted fo the same level.

Antanng Positioning: The dipole is mounted on a HAG Test Arch phantomn using the matching dipole positioner
with the arms horizontal and the feeding cable coming from the flogr. The measurements are parformed in a
shielded room with absorbers around the setup to reduce the reflections.

It is verified before the mounting of the dipole under the Test Arch phantom, that its arms are perfactly in a line.
It is installed on the HAC dipole positioner with its arms paralle! balow the dielectric reference wire and abia to
move elastically in vertical direction without changing its relative position to the top center of the Test Arch
phantam. The vertical distance to the preba is adjusted after dipole mounting with a DASY2 Surface Check job.
Before the measurement, the distance between phantom surface and probe tip is verified. The propar
measurament distanca is selected by choosing the matching section of the HAC Test Arch phantom with the
proper device reference paint (upper surface of the dipole) and the matehing grid reference point (tip of the
probe) considering the probe sensor offset. The vertical distance to the probe is essential for the accuracy.

Feed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impedance is specified at the SMA connector of the dipole. The influence of reflections was
eliminating by applying the averaging function while moving the dipole in the air, at least 70cm away from any
obstacles.

E- field distribution: E field is measured in the x-y-plane with an isotrepic ER3D-field probe with 100 mw
forward power to the anienna feed peint. In accordance with [1), the scan area is 20mm wide, its length
exceeds tha dipele arm length (180 or 90mm). The sensor center is 10 mm {in 2) above the top of tha dipele
arms. Two 3D maxima are available near the end of the digole arms. Assuming the dipole arms are perfectly in
ong line, the average of these two maxima (in subgrid 2 and subgrid 8) is determined to compensate for any
nen-parallelity to the measurement plane as well as the sensor displacement. The E-field value stated as
calibration value represents the maximum of the interpolated 3D-E-fisld, 10mm above the dipala surface.

H-fisld distribution: H-field is measured with an isotropic H-field probe with 100mW forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance s equivalent to the E-field scan. The
maximum of the fieki is available at the center (subgrid 5) abave the feed point. The H-field valus stated as
calibration value represents the maximum of the interpolated H-fiekd, 10mm above the dipole surface at the
feed point.

Caertificate No: CD835V3-1011_Dac05 Page 2 of 6
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1 Measurement Conditions
DASY system conflguration, as far as not given on page 1.
DASY Varsion DASY4 V4.6 B23
DASY PP Vergion SEMCAD V1.8 B160
Phantom HAC Test Arch SD HAC P01 BA, #1002
g:::;r:oe Dipole Top - Probe 10 mm
Scan resolution dx, dy = 5mm area =20 x 1280 mm

3

Frequency 835 MHz = 1 MHz
Forward power at dipole 20,0 dEm = 100mW
copnecior
Input power drift < 0.05 dB
2 Maxlmum Fleld valuas
H-fleld 10 mm abovs dipole surface condition interpolated maximum
Maximum measured 100 mW forward power G446 Alm
Uncertainty for H-field measurernent: 8.2% (k=2)
E-field 10 mm above dipole surface candition Interpolated maximum
Maximum measured above high end 100 mW forward power 162.2 Vim
Maximum measured above low end 100 mwW forward power 181.0 Vim
Averaged maximum above am 100 mwW forward power 161.6 Vim
Uncertainty for E-field measurement: 12.8% (k=2)
f
" 3 Appendix
3.1 Antenna Parameters

Frequancy Return Loss Impedance

800 MHz 16.1 dB (40.2 —j10.4 ) Ohm

835 MH2z 28.7dB {53.4 +]3.4) Ohm

900 MHz 16.5 dB (48.9 —j15.0 ) Ohm

950 MHz 190.7 dB (475 +]9.8 ) Ohm

960 MHz 16.1 dB { 57.0 +j15.5 ) Ohm

3.2 Antenna Design and Mandling

The calibration dipole has a symmetric geometry with a built-in two stub matching network, which leads 10 the

enhanced bandwidth.

The dipols is built of standard semirigid coaxial cable. The internal matching Bne is open ended. The antenna is

tharefore open for DG signals.

Do not apply force to dipole arms, as thay are liable ta bend. The soldered connections near the feedpoint may be
damaged. After excessive mechanical stress or overhgating, check the impedance characteristics to ensure that the

internal matching network is not affected.

After long term use with 40W radiated power, oaly a slight warming of the dipale near the feedpoint can be measured.

Centificate No: CDR35V3-1011_Dec05
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3.2 Measurement Sheets
3.3.1 Return Loss and Smith Chart
S Oec 2083 15127108
m 311 Los 5 dBsREF 15 ® 2t-26.857 dB £35.00Q A0 MHz
. o
i ey CH1 Harkers
\ // 41-1i5.881 dB
Cor £80.008 M-z
\ f N-15.489 dB
& 8,599 MHz
Ay TR Tesse i
ES \;# w—16.077 dB
H S50, 893 HHz
g E
CHZ 3511 iUFs 935,000 828 MHz
CHZ Harkgrs
Cor A 48.203 &
=18, 357 @
8900.902 Mhx
3338238
999,000 "Hz
) 20 “ 47349
o58.808 MHz
- SILitre
960,008 MHI

EENTER 235.000 648 MH=z

EPAH 1 833,008 2O AHz

Cortificata No: CDB35v3-1011_Dec0s
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3.3.2 DASY4 H-field result

Date/Time: 12/5/2005 3:57:25 PM

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: HAC-Dipole 835 MHz; Type: DE3SV3; Serial: 1011
Communication System: CW: Frequency: 835 MHz:Duty Cyele: 1:1
Medium: Air

Miedium parameters used: ¢ = 0 mho/m, & = 1; p = 1 kg/m®
Phantorn section: H Dipole Section

DASY4 Configuration:

Probe: HIDWVE - SN6065; Calibrated: 127102004

Sensor-Surface: (Fix Surface)

Electronics: DAE4 Sné60; Calibrated: 12/16/2002

Phantom: HAC Test Arch; Type: SD HAC P01 BA; Serial: 1002

Measurement SW: DASY4, V4.6 Build 23; Postprocessing SW: SEMCAD, V1.8 Build 160

H Scan 10mm above CI} 835 MHz/Hearing Abd Compatibility Test (41x361x1):
Measurement grid: dx=35mrm, dy=3mm

Maximum value of peak Total field = 0.446 A'm

Probe Modulation Factor = 1.00

Reference Value = 0.474 A/m; Power Drift = 0.012 dB

Hearing Aid Near-Field Category: M2 (AWF 0 dB)

Peak H-field in A/m
Grid | | Grid 2 | Grid 3
\I 0376 | 0398 |03TY
'II Cirig) 4 | Ciriel 5 | Girid &
0419 | D446 | 0428
Ciriel T | Giridd & | Girld 9
365 | 0391 | 0376
dB
0.000
-4,40
-8.80
-13.2
=-17.6
-22.0
0dB = 0.446Am
Certificate Mo: CD835V3-1011_Dec05 Page 5 of 6
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3.3.3 DASY4 E-Field result

Date/Time: 12/52005 12:21:35 PM

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: HAC-Dipole 835 MHz; Type: DE3SV3; Serial: 1011

Communication System: CW; Frequency: 835 MHz; Duty Cyele: 1:1
Medium: Air

Medium parameters used: a = 0 mho'm, &= 1; p= 1000 kg/m’
Phantom section: E Dipole Section

DASY4 Configuration:
s Probe: ER3DV6 - SN2336; ConvF(], 1, 1); Calibrated: 122002003
*  Sensor-Surface: (Fix Surface)
= Electronics: DAES Sné60; Calibrated: 12/16/2004
*  Phantom: HAC Test Arch; Type: SD HAC POL BA; Serial: 1002
*  Measurement SW: DASY4, V4.6 Build 23; Postprocessing SW: SEMCAD, V1.8 Build 160
E Scan 10mm above CD 835 MHz/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: dx=3mm, dy=3mm
Maximum value of peak Total field = 162.2 Vim
Probe Modulation Factor = 1.00

Reference Value = 105.0 V/m; Power Dnift = -0.027 dB
Hearing Ald Near-Field Category: M2 (AWF 0 dB)

Peak E-field in Vim

Grid 1 | Grid 2 | Grid 3
\:'I 1599 | 162.2 | 1544
Cirid 4 | Girid 5 | Girid &
B7.1 884 845
Cirld 7 | Girdd 8 | Grid 9
1550 | 1610 | 1565

-2.48

-4.96

-1.44

-9.92

-12.4

0dB = 162.2V/m

Certificate No: CO835V3-1011_Dec05 Page 6 of &
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Author Data

Dates

Daoud Attayi

July 13-19, 31, 2006

Report No

RTS-0373-0607-14

FCCID

L6ARBF20CW

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Accredited by the Swiss Federal Office of Metrology and Accradiation

The Swiss Accreditation Service is ona of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Cliant

Schwalzerischer Kalibrierdiensi
Service sulsse d'étalonnage
Sorvizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: CD1880V3-1008_Dec05

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration date:

Condition of the calibrated fem

Primary Standards
Powal matar EPM-4424
Power sangor HP B4814
20 dB Aftenuator

10 dB Attenuasor

Secondary Standards
Power meter EFki-44 195
Power sansor HF 84814
Powar gansor HP BAB1A
Network Anatyzer HP 8753E
RF generador R&S SMTOG
DAES

Probe ER30VE

Proba HIOVE

Calibrated by

Appraved by

CD1880V3 - SN: 1008

QA CAL-20.v4

Calibration procedure for dipoles in air

December 6, 2005

In Tolerance

Calibration Equipmant used (METE critical lor calibration)

|iD#

; GEITABITOY

| usarzezTas
SM: 5086 (207)
SM; 5047.2 (10r)

|ID#
GB433107E8
MY41093312
MY410833156
US37380585
100005
SN 660
BM: 2136
SN: B065

Name
Mike Muaili

Fin Bormhalt

This calibration cerfificate decwments the traceability to national standards, which realize the physical wits of measunements (S1).
The measurements and the uncertainties with corfidance probability are given on the lollowing pages and ane part of tha certificate

Al calibrations hawe been conducted in the closed laboratory facility: environmant temperature (22 £ 3)°C and humidity < 70%.

Cai Date (Calitrated by, Centificate No.)
04-0t-05 (METAS, No. 251-00516)
04-0ct-08 (METAS, Mo, 251-00518)
11-Aug-05 (METAS, No 251-00408)
11-Aug-05 (METAS, No 251-00488)

Cheack Date (in house)

12-Aug-03 (SPEAG, in house chack Oct-05)

10-Aug-03 (SPEAG, in house check Oct-05)
10-Aug-03 (SFEAG, in housa chack Oct-05)
18-0ct-01 (SPEAG, in house check Nov-08)
26=Jul-l4 (SPEAG, in house check Nov-05)
16-Diec-0d (SPEAG, No. DAE4-G6D_Decl4)
20-Jan-05 (SPEAG, Mo, ER3-2338_Jan05)

10-Dec-04 (SPEAG, No. H3-8065-Dachs)

Function
Labaratory Technician

Techrical Di

This calibration cerificate shail not be reproduced excapt in full without writien approval of the laboratory.

Cerificate No: CD1880V3-1008_DecDs

Paga 1 of &

In house check: Oct-08

Scheduled Calibration
Oct-06
Oel-06
Aug-08
Aug-05

Schedulad Chack S
In houwse check: Cci-07

In howse check: Oct-08

In house check: Nov-08

In house check: Mov-07
Calibration. Dec-05
Calibration, Jan-06
Calibration, Dec-05

Slgnm.r\e'

Pl

AN

lssued: December 15 2005
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 3004 Zurich, Switzeriand

Schwelzerischer Kalibrsrdisnat
Savrvica siiszs détalonnege
Sarvizio svirzero di taratura

S swiss Callbration Service
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Accredited by the Swiss Fedsral Office of Metrology and Accreditation Acereditation No.: SCS 108
The Swiss Accreditaton Servica Is ona of the signatories to tha EA
Multilataral Agreement for tha recognition of calibration certificates

References

[1] ANSI-FCE3.16-2001 {Draft 3.x, 2005)
American Mationa! Standard for Methods of Measurement of Compatibility between Wireless
Communications Devices and Hearing Aids.

Methods Applled and Intarpretation of Paramsters:

+ Coondinale System: y-axis is in the direction of the dipole arms. z-axis is from the basis of the antenna
{mounted on the table) towards its feed point between the two dipole arms. -axis is normal to the other
axes. In coincidence with standard [1), the measurement planes (probe sensor center) are selected to
be at a distance of 10 mm above the top edge of the dipole arms.

» Measurement Conditions: Further details are available from the hardcopies at the and of the cerlificate.
All figuras stated in the certificate are valid at the frequency indicated. The forward power to the dipole
connector is set with a calibrated power meter connested and monitored with an auxiliary power meter
connected to a directional coupler. While the dipole under test is connected, the forward power [
adjusted to the same lavel.

+ Anfonna Positioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positioner with the arms horizontal and the feeding cable coming from the floor. The maasurements are
performed in a shielded room with absorbers arcund the setup ta reduce the reflections.

It is varified before the mounting of the dipole under the Test Arch phantom, that its ams are perfectly
in a line. It is installed on the HAC dipole positioner with its arms parallel below the dielectric reference
wire and able ta move elastically in vertical direction without changing its relative position to the top
center of the Test Arch phantom. The vertical distance to the prabe is adjusted after dipoke mounting
with a DASY4 Surface Check job. Before the measurement, the distance between phantom surface and
probe tip Is verified. The proper measurement distance is selected by choosing the matching section of
the HAC Test Arch phantom with the proper device reference point (upper surface of the dipole) and the
matching grid reference point (tip of the probe) considering the probe sensor offset. The vertical
distance to the probe is essential for the accuracy.

s Fesd Point Impedance and Retumn Loss: These parameters are measured using a HP 8753E Vactar
Network Analyzer. The impedance is specified at the SMA connector of the dipole. The influence of
reflections was eliminating by applying the averaging function while moving the dipole in the air, at least
70cm away from any obstacles.

w  E- fold distibution: E fiekl is measyred in the x-y-plane with an isotrepic ER3D-field probe with 100 mW
forward power to the antenna fead point. In accordance with [1], the scan area is 20mm wide, its length
exceads tha dipole arm length (180 or 90mm). The sensor center is 10 mm (in z) above the top of the
dipole arms. Two 3D maxima are available near the end of the dipole arms. Assumling the dipole arms
ara perfactly in one line, the average of these two maxima (in subgrid 2 and subgrid 8} is determined to
compensate far any non-parallelity to the measurement plane as well as the sensor displacement. The
E-fiekl value stated as calibration value represents the maximum of the interpolated 3D-E-field, 10mm
above the dipole surfage.

s H-fiefd distribution: H-field is measured with an isotropic H-field probe with 100mwW ferward power to the
antenna feed point. in the x-y-plane. The scan area and sensor distance is equivalent io the E-field
scan. The maximurn of the field is available at the center (subgrid 5) above the faed point. The H-field
vaiue stated as calibration value represents the maxtmurn of the Interpolateg H-fisld, 10mm above the
dipele surface at the fead point.
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1 Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Verslon DASY4 V4.6 B23
DASY PP Version SEMCAD V1.8 B160
Phantom HAC Test Arch SD HAC P01 BA, #1002
Digtance Dipole Top - Probs Canter 10 mm
Scan resolution dx, dy = 5 mm area = 20 x 80 mm
Frequency 18380 MHz + 1 MHz
Forward power at dipeole connector 20.0 dBm = 100mwW
Input power drift <0.05dB
2 Maximum Field values
H-fiekd 10 mm above dipole surface condition interpolated maximum
Maximum measured 100 mvW forward power 0.454 Alm
Uncartainty for H-field measuremant: 8.2% (k=2)
E-fleld 10 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW forward power 132.9 Vim
Maximum measured above low end 100 mW forward power 131.8 Vim
Averaged maximum above arm 100 mVV forward power 132.4 Vim
Uncertainty for E-fiekd measurement; 12.8% (k=2)
) Appendix
3.1 Antenna Parameters
Fraquency Raturn Loss Impedance
1710 MHz 227dB {56.4 +j4.5)0nm
1880 MHz 20.1 48 ( 58.4 + j6.6 Ohm
1900 MHz 209dB ( 58.6 + j4.6 ) Ohm
1950 MHz 27.7dB (54.3-j0.4 ) Ohm
2000 MHz 18.7dB (521 +j11.7)0Chm

3.2 Antenna Design and Handling

The calibvation dipole has a symmetric geometry with a built-in two stub matching network, which lgads to the

enhanced bandwidth.

The dipole is built of standard semirigid coaxial cable. The intemal matching line is open ended. The antenna is

therefore open for DC signals.

Do not apply force fo dipcle arms, as they are Hable to bend. The soldered connections near the feedpoint may
be damaged, After excessive mechanical stress or overheating, chack the impedance characteristics to ensure
that the internal matehing network is not affected.

After long term use with 40W radiated power, only a slight warming of the dipcle near the feedpoint can be

measured.
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3.3 Maacurement Sheets
3.3.1 Return Loss and Smith Chart
S Dec ZOAT 19122:321
m 511 108 5 dB/REF -18 <& H-28.413 deé 1 SEA.BAQ BB MHz
¥ | fm
_H_\ // CHi Markers
cor ™ / SA%e0%E
4 / 31-2&5935 dB
& 1,99898 6Hz
NEVALAY e
gs ‘( F-15.733 dB
llz jut 2.83800 B4z
I
CHZ 544 iu 1 65P.000 B9 NHx
CH2 Harkert
i1 5E.424 &
Cor 174680 iz
e
1,900 Rz
L3 S &
) e e
i H
2.098848 Bz

CENTER 1 BSA.000 PBE HHz

SPAH 1 020,200 PRE MHx
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3.3.2 DASY4 H-field result
Date/Time: 12/6/2005 7:35:29 PM

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: HAC Dipole 1880 MHz; Type: CDISR0VE; Serial: 1008

Communication System: CW; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium: Air 2

Medium parameters used: o = 0 mho/m, &= 1; p= | kg/m’

Phantom section: H Dipole Section

DASY 2 Configuration:
e Probe: HIDVE - SNG06S; Calibrated: 1 2/10:2004
o Sensor-Surface: (Fix Surface)
# Electronics: DAE4 5né60; Calibrated: 12/16/2004
s  Phantom: HAC Test Arch 4.6; Type: SD HAC P01 BA; Serial: 1002
e Measurement SW: DASY4, V4.6 Build 23; Postprocessing SW: SEMCAD, ¥ 1.8 Build 160
H Secan 10mm above CD1880V3/ Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=3mm
Maximum value of peak Total field = 0.454 A/m
Probe Modulation Factor = 1.00

Reference Value = 0.480 Afm; Power Drift = -0.004% dB
Hearing Aid Near-Field Category: M2 (AWF 0 dB)

Peak H-field in A'm

Grid 1 | Grid 2| Grid 3
0395 [ 0.420 | 0403

Cirid 4 | Girad 5 | Girid 6
0431 | 0454 | 0.437

Girid 7 | Girid & | Grid 9
0.3% | 0,417 | 0401

dB
n.oon

-2.88

4£.76

B.64

-11.5 w

-14.4 : i

0 dB = 0454 A m
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3.3.3 DASY4 E-Field result

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: HAC Dipole 1880 MHz; Type: CDIBB0V3I; Serial: 1008

Communication System: CW; Frequency: 1880 MHz; Duty Cyele: 1:

Medium: Air

Medium parameters used: a = 0 mho/m, £,= 1; p=

Phantom section: E |Jipu-|-:.: Section

DASY4 Configuration:
Probe: ER3DWVG - SM2336; ConvF(1, 1, 1); Calibrated: 122072005

E Scan 0mm above CIVBR0V3/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=5mm

Sensor-Surface: (Fix Surface)

1000 kg'm’

Electronics: DAE4 Sn660; Calibeated: 124162004
Phantom: HAC Test Arch 4.6; Type: 8D HAC PO BA; Serial: 1002
Measurement SW: DASY4, V4.6 Build 23; Postprocessing SW: SEMCAD, V1.8 Build 160

Maximum value of peak Total field
Probe Modulation Factor = 1.00

Reference Value = 147.2 Vime Power Drift = 0,033 dB
Hearing Aid Near-Field Category: MZ (AWF 0 dB)

Peak E-ficld in Vim

Girad 1 | Girid 2 | Girid 3
129.6 |132.9 | 1293
Girid 4 | Girid 5 | Grid 6
04 |92 | EED
Girid 7 | Grid 8 | Girid 9
125.5 | 1308 |129.5
0.000 ' 9
-1.43
-2.B6
-4.78
5.71
e .
0 dB = 132.9%/m
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