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B.2 Dipole calibration certificate
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, B004 Zurich, Switzerland

Accoredited by the Swise Accreditation Servica (SAF)
The Swiss Accreditation Service is one of the signatories o the EA
Mullilatersl Agresment for the recognition of callbration cortificates

Sochweizerischer Kalibrierdienst
Service suisse détalonnage
Sefvizio svizzero di taratura
Swiss Calibration Barvice

heeraditation No.: SCS 108

Calibration procedss|s)

Calibraon date:

OIS 17, 2008 <74

Cartificate Ho: CDBISV3-1011_Nov0g

Thiss calibration cantificate docurnents the raceability 10 national stardards, which reabes the physical units of measunsmants [S1).
Al caliorationa have bean conducied in e closed laboratory lacility: anviranmen! lempenaturs (22 + 3170 and humidity < 708,

Calibeation Eguipment used (M&TE critical for calibration)

Primary Slandands D & Cal Date (Certilicata Mo Scheduled Calibration

Power mabar EPW-d428 GEAT 400704 OE-0ct-08 (No. 217-01088) i 3 1]

Pawer sensor HP 34874 LIS3T2R2Tas D8-Oct-09 (Mo, 217-0108d) et 10

Prabe ERIDVE SN: 2336 22-Doc-08 (Mo. ER3-Z336_Dwechd) Dec-09

Probe HIDWE SM; G065 22-Doc-08 {No. H3-5065_-Dacd) Dac-09

DaEs SM: B 20-Fab-09 (No, DAZ4-781_Fenld) Fei-10

Secondary Standards ID & Chack Dasa (in hausa) Scheduled Check

Powar matar Aglant 441598 SM: GRAZ4201N QE0ct-09 (in house chack Oc-09) In housa chack: Oet-10

Paowar sensor HP 84824 SM: 331 BAOMED Oct08 (in house chack Oc09) In housa chack: Oct10

Power senses HP 84824 SM: USar2o8sa7 09-0ct-09 (in house check Cct08) In housa chack: Octa10

Metwark Aralyzer HP 87E3E LIS37300585 18-0ct-01 (in house check Oot-09) In howesa chack: Oct=10

AF gamarator E44338 WY 41 DD0ETS 03-Rav-0d {in house dheck Dct-09) In house check: Oet-11
Nama

Calibeated by Mikp Ml

Anpeona Dy

Fn Bomnot

This calivration cernilicate shall nol be reproduced exceplin Iull wilhout writlen sapeeval of he laboratary.

Issuad: Movembar 19, 2009

Cerificate No: CDBASYI-1011_MNow0d
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Calibration Laboratory of
Sehmid & Partner

Engineering AG
Zeughaussirasss 43, 8004 Zurich, Switzer|and

Schweizerischar Kalibrigrdianst
Service suisss d'étalonnage
Servizio svizzero di taratura
Swiss Calibralion Service

Aceredited by the Swiss Accroditation Service (SAS) Aceseditation Ne.: SCS 108
The Swiss Accraditation Serviee ie one of the ignatories to The EA
Muhilateral Agreement for the recegnition of callbration certilicales

Relerences

(1]

1]

AMNSI-CE3.19-2006
American National Standard for Methods of Maasurement of Compatibilty between Wiraless
Communications Devices and Hearing Aids.

AMNSI-CE3.19-2007
American Mational Standard for Methods of Measurement of Compatibilily betwean Wiraless
Communications Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

Coordinate System. y-axis is n the direction of the dipole arms. z-axis is from the basis of the antenna
(meunted on the lable) towards its feed point between the two dipole arms. x-axks s pormal 1o the other
axes, In coincidenca with the sfandards |1, 2], the measuraman! planes (probe sansor canler) are
selected to be at a distance of 10 mm abowve the top edge of the dipole arms.

Measurerment Conditions: Further delails ara available from the hardcopies al the end of the cedificats.
Al figures stated in the certificate are valid at the frequency indicated. The forward power to the dipole
connecior is et with a callbraled power meter connected and monitored with an auxiliary power mefer
connecied i a directional couplar, While the dipele under test is connecied, he forward powaer is
adjusied to the same lavel.

Antenna Positioning: The dipole is mounied on a HAC Tast Arch phantomn using the maiching dipole
positioner with the amms horizontal and the feeding cable coming from the floor. The measurements
arg performed in a shielded room with absorbers around the selup to reduce the reflections.

It is verilied before the mounting of the dipole under the Test Arch phantom, that s arms are parfectly
inakne. Its installsd on the HAC dipola pasilionar with i15 arms parallel balow the dialectnc relerence
wirg and able to move elastically in vertical direction without changing its relative pasition 1o the top
center of the Test Arch phantom. The vertical distance to the probe is adjusted after dipole mournting
with a DASYS Surface Check job. Before the measuremernt, 1he distance batween phantom surface and
prabe fip is varfied. The proper measurament distance is selecied by choosing the matching section of
the HAC Tesi Arch phantom with the proper device reference point (upper surface of the dipole) and the
matching grid reference point (tip of the probs) considering the prabe sensor ofiset, The vertical
distance o the probe is essential for the accuracy.

Feed Point impedance and Return Loss: These parameters are measured using a HP BTS3E Veckor
Mealwork Anahyzer, The impedance is spacilied al the SMA conneclor of he dipole. The influence of
reflactions was eliminating by applying the averaging function while moving the dipale in the air, at least
Tocm away from any obstacles.

E- figtd gistribution: E field is measured in the x-y-plane with an isotropic ERID-fiekd probe with 100 mw
forward power to the anienna feed point. In accordance with |1, 2], the scan area is 20mm wide, its
langih exceads the dipole arm kength (180 ar 30mm). The sensar center is 10 mm (in 2) above the top
of the dipole arms. Two 30 maxima are available near the end of the dipole arms. Assuming the dipole
amms are perfectly in one kine, the average of these two maxima (in subgrid 2 and subgrid B} is
delermined to compeansate for any non-parallality 1o the measurement plane as well as the sensar
displacemnani. The E-field value stated as calibration value represants the maximum of the interpolated
30-E-field, 10mm above the dipele surface,

H-field distribution; H-field i measured with an isotropic H-field probe with 100mW forward power 1o the
antenna lead paint, in tha -y-plane. Tha scan area and sensor distance is equivalent to tha E-field
scan. The maximum of the field is available at the center (subgrid 5) above the feed point. The H-field
value stated as calibration value represents e maximum of the interpolated H-fiekd, 10mm above the
dipole surface al the feed point.
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1 Measurement Conditions

DASY system confliguration, as far as not given on page 1,

DASY Version DASYS V5.2 B1ST
DASY PP Version SEMCAD X V14.0 B57
Phantom HALC Test Arch SDHAC PO1 BA, #1070
Distance Dipole Top - Probe
Center 10 mm
Scan resolution d, dy =5 mm area = 20 x 180 mm
Frequency B35 MHz + 1 MHz

Forward power at dipole
connect 20,0 dBm = 100mwW
Input power drift <005 dB

2 Maximum Field values

H-figld 10 mm above dipole surface condition interpolated maximum
Maximum measured 100 mW forward power 0.464 Alm
Unceranty for H-field measuremeant: 8.2% (k=2)
E-field 10 mm above dipole surface condilion Interpolated maximum
Maximum measured above high end- 100 mW forward power 1686 Wm
Maximum measured abave low and 100 mW foreard power 157.4 Wim
Averaged maximuem above arm 100 mW forward power 163.0 Vim
Uncertainty for E-field measurement; 12.8% (k=2)
3 Appendix
3.1 Antenna Paramelers
Frequency Retlurn Loss Impedance
800 MHz 15.7 dB [ 44.8 = j14.9 ) Ohm
835 MHz 31.8dB (48.5 + |2.0 ) Ohm
| 900 MHz 17.7 dB { 54.3 - 12.9 ) Ohm
950 MHz 20.5dB { 44.7 +j7.2 ) Ohm
960 MHz 16.2dB {510+ 15,7 ) Ohm

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a buili-in two stub matching network, which leads 1o the
enhancad bandwidth.

The dipole is built of standard semirigid coaxial cable. The internal matching line is open ended. The antenna is
therefore opan for DG signalks.

De nod apply foree to dipole arms, as they are lable to bend. The soldered conneclions near the feedpoint may
ba damaged. Afler excessive mechanical siress or overhaating, check the impedance characteristics to ensure
that the internal matching network is not alfected.

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint can be
measured.
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3.3 Measurement Sheets

3.3.1 Return Loss and Smith Chart
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3.3.2 DASY4 H-field Rasult
Date/Time: 17.11. 2009 15:02:26

Test Laboratory: SPEAG Lah2

HAC RF_CD835_1011_091117_H_MM
DUT: HAC-Dipole 835 MHz; Type: D835V3; Serial: 1011
Communication System: CW; Frequency: 835 MHz
Medivm parameters used: g = 0 mho/m, e;=lip=1 kg.’m
Phantom section: RF Section
Measurement Standard: DASY S (IEEE/IEC/ANS] Co3,19-2007)
DASYS Configuration:
»  Probe: HADWE - SMG065; ; Colibruted; 220122008
Sensor-Surface: (Fa Surface)
Ebactromics: DAEY Sn781: Calibrated: 20,02 24
Phantom: HAC Test Arch with AMCC; Type: 5D HAC PO BA: Serial: 1070
Measwrement SW: DASYS, V2 Build 157, SEMCAD X Version |40 Build 57

Dipole H-Field measurement @ BISMH2H Sean - measurement distance from the probe sensor
center to CDE35 Dipole = 10mm/Hearing Aid Compatibility Test (41x361x1}:

Measurement grid: dx=5mm, dy=5mm

Maximum value of peak Total field = 0.464 Adm

Probe Modulation Factor = |

Device Reference Point: O, 0, -6.3 mm

Reference Value = 0.494 Afm; Power Drift = 0.0467 dB

Hearing Aid Near-Field Category: M4 (AWF 0 dB)

Peak H-field in Afm

Grid | Cirid 2 Giridl 3
0.384 0.405 0.386
M4 M4 M4
Girid 4 Grid 5 Grid &
0441 0.464 0.439
M4 M4 M4
Grid 7 Girid & Grid 9
0,390 0.409 .382
M4 M4 M4

—
| | |

(hdB = D484 m
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33.3 DASY4 E-field Result

Test Laboratory: SPEAG Lah?
HAC RF_CD835 1011 0891117_E MM
DUT: HAC-Dipole 835 MHz; Type: D835V 3; Serial: 1011
Communication System: CW; Frequency: 835 MHz
Medium parameters used: o = 0 mho'm, & = 15 p = 1000 kg/m’
Phantom section: RF Section
Measurement Standard: DASY S (IEEE/NEC/ANST C63,19-2007)

DASY S Configuration:
*  Prohe: ERIDVA - SN2336; ConvFL, |, 11 Calibrated: 22,12, 368

Sensor-Surlace: (Fix Surface)
Electronmica: DAES SaTH1; Calibrated: 20002 2009

-

L]

*  Phamom: HAC Test Arch with AMCC, Type: 8D HAC P01 BA: Serial: 1070

®  Measurement W DASYS, V52 Build 157 SEMCAD X Version 14.0 Boild 57

Diate/Time: 17,00, 2008 § 1:56:37

Dipole E-Field measurement @ 83SMHE Scan - measurement distance from the probe sensor

center to CDE35 Dipole = 10mm/Hearing Aid Compatibility Test (41x361x1):

Measurement grid: dx=5mm. dy=3mm

Maximum value of peak Total field =

Probe Modulation Factor = |
Device Reference Point: 0, 0, -6.3 mm
Reference Value = 109.2 V/m; Power Drift = -0.023 dB
Hearing Aid Near-Field Category: M4 (AWF 0 dB)

ea ]

LRl

168.6 Vim

Feak E-ficld in Vim

Griel | Cirid 2 Grid 3
152.1 1574 154.5
M4 M4 M4
Grid & Grid § Grid &
84.1 86.8 84.5
M4 M4 M4
Gridd 7 Girial & Girfdl @
165.5 168.6 158.2
M4 M4 M4

el B = [55.6Y/m
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughaussirasse 43. 8004 Zurich, Switoer|and

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories Lo the EA

L] Agr for the ar of calibration cerlificates

cient  RTS {(RIM Testing Services)

g Sehwelzerischer Kalibrierdianst

c Service sulsse détalonnage
Seryizio svizzere di taratura

S  swiss Calibration Service

Certificate No: CD1860V3-1008_Nov03

M‘tﬁ

CD1880V3 - EN: 1008 - g

Calibraton proceduraig)

QA CAL-200v4
mmnm

Calibration date:

November 18, 2008

This calibration canificate documnents the raceability 1o national sandasrds, which realize tha physical units of measwernents (3L
Al caliprations hase bean conducted in he clossd laborakony faciity: anvironment lamperaturs (22 = 31°0 and humidity < T0%

Calibration Equipmanl used [MATE critizal for calibration)

Primany Standards =L} Cal Dale (Cartificas Mo ) o Seheduled Caliration

Fovear metar EPM-4424 GEIT4B0TI4 D6-0ct-09 (Ho, 217-010846) S0

Powar sansor HP B4814 LIS5TI02Ta3 06-0ct08 (o, 217-010846) (== R

Prate ERADVE SM: 2308 22:Dec-08 (Mo. EA3-X3I3E_DeclE) Dac-08

Praba HIOVE SM: OGS 23-Dec-08 (Mo HI-8068_-DecOf) D=0

DAE4 Sh: TE1 20-Fab-09 (Mo, DAEL-TE1_Febla) Feb-10

Secondary Standards LT Chack Date (in house) Sohedulad Gheck

Power meter Agilent 44188 SM: GR42420191 08-Oct-08 (in houss check Oct-09) In Fouse chack: Oc1-10

Powar sangor HP B482H SM: 3318A08450 OB-0xt-03 (i vouss check Oet-09) In howse chack: Ocl-10

Powir sangor HP B4A24 SM: LISIT205597 Q-Che-09 (n hatse chack Oct-09) It bz eheck: Oe1-10

Netwark &nalyzer HP 8753E LIS3T 300585 18=0et-01 (in house check Oct-09) Im hoigse chack: Oct-10

RF generator E44338 K 41000678 03-Mav-4 (in house check Oct=09) In housa chack: Oet11
Mame Function Sicmatura

Cabrated by Cliicho Lsisbisr Laboratery Technician Q_b\,\ .

Approved by Fin BomhoR - Teahnical Diractar

This calibratan carfificate shall not b reproduced secept in full withow waiten approwal of the Isborairy

Igsued: Movamber 19, 200%

Cartilicala Mo: CD1EA0MV3- 1008_Novod
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Calibration Laboratory of Ay Schweizerischer Kallbrlerd]
Schmid & Partner 'i%é Sarvice nui::e u'am:g.mﬂ
Enginaering AG T Servizlo svizzero di taratura
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References

11

2]

AMNSI-CE3.19-2008
American Mational Standard for Mathods of Measuremeni of Compatibilily betwean Wiralass
Communications Devices and Hearing Aidsa.

AMNEI-CE3.19-2007
American Mational Standard for Methods of Maasurement of Compalibility between Wireless
Communications Devicas and Hearing Aids.

Methods Applied and Interpretation of Parameters:

Coordinate Systam; y-axis is in the diresction of the dipole arms. z-axis is from the basis of the antenna
{mounted on the lable) lowards its feed point between the two dipele arms. x-axis i normal o the ather
axes. In coincidence with the standards [1, 2], the measuremaent planes (probe sensor canlar] are
salecied to be at a distance of 10 mm abowve the top edge of the dipale arms.

Measurement Conditions: Further details are available from the hardcopias at the end of the canificate.
All figures stated in the cerificale are valid at the frequency indicated. The forward power 1o the dipole
connector is sel with a calibraled power meter connected and monitored with an auxiliary power meter
connectad to a directional coupler, Whila the dipole under tes! is connecled, the forward power is
adjusied to the sams level.

Antenna Positioning: The dipole is mountad on a HAC Tast Arch phamtom using the malching dipole
positioner with the arms horizontal and the feeding cable coming from the floor. The measurements
are parformed In & shielded room with absorbers around the setup o reduce the reflections,

It i werilied belore the mounting of 1he dipole under the Test Arch phaniom, 1hat its arms are perectly
in a ling. It is installad on the HAC dipole positionar with its arms parallel below the dielactric referance
wirg and able to move elastically in vertical direction without changing its relative position o the top
center of the Test Arch phantom, The vertical distance to the probe is adjusted after dipols mounting
with a DASYS Surface Check job. Belore the measurement, the dislance belwean phantom surface and
praba lip is verified. The proper measuramaent distance is salected by choosing the malching saction 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 praobe sensor offset, The vertical
distance o the probe Is essential lor the accuracy.

Fapd Paint impedance and Refum Loss: Thesa parameters are measurad using a HP B7S3E Veclor
MNetwork Analyzer. The impadancs is specitiad al the SMA connectar of the dipale. The influence of
reflections was eliminating by applying the averaging function while maoving the dipole in the air, at least
7ocm away from any obstacles,

E- figld distribution: E field is measured in the x-y-plane with an isotropic ER3D-field probe with 100 myy
forward powaer 1o the antenna feed point, In accordance with [1. 2], the scan area is 20mm wida, its
length exceeds the dipols arm lengih (180 or 20mm). Tha sensor center is 10 mm {in 2} abowva the fop
of the dipale arms. Two 30 maxima are available near the end of the dipole arms, Assuming the dipale
arms are perfectly In one lne, the average of these two maxima (in subgrid 2 and subgrid B) is
daterminad o compansate for any non-parafiality to the measurement plans as weall as tha sansor
displacement. The E-lield value stated as calibration value represents the maximum of the interpolated
A0-E-field, 10mm above the dipele surface,

H-field distribulion: H-fighd i measurad with an isatropic H-fisld probe with 100mW forward power to the
antenna feed point, in the x-y-plane. The scan area and sensor distance is egquivalent 1o the E-field
scan, The maximum of the field is avallable at the center (subgrid 5) above the feed paint. The H-fiek
value slated as calibration value reprasents U maximam of ihe inferpolated H-field, 10mm above the
dipole surface at ihe faed poini.
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1. Measurement Conditions
DASY systemn configuration, as far as not given on paga 1.

DASY Version DASYS V5.2 B157
DASY PP Version SEMCAD X V14,0 BST
Phantom | HAC Test Arch SO HAC P01 BA, #1070

Distance Dipole Top - Probe Center 10 mm

Scan resolution ! dx, dy=5mm
Freguency 1880 MHz + 1 MHz
Forward power at dipole connector o 20,0 dBm = 100mW

Input power drift < (.05 dB

area = 20 x 50 mm

2. Maximum Field values

H-field 10 mm above dipole surface condition Interpolated maximum
Maxirmum measurad 100 mW forward power 0.471 Alm
Uneertainty far H-1ield measuromeant: §.2% (k=2)
E-field 10 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW forward powar 136.2 Vim
Maximum measurad above low end 100 mW forward power 132.1 Wim
Averaged maximum above arm 100 mW forward powar 134.2 Vim
Uncertainty for E-fiald measuramant: 12 8% (k=2)
3. Appendix
3.1 Antenna Parameters
Frequency Return Loss Impedance
1710 MHz 228 dB (52.2 +|7.1 ) Ohm
1880 MHz 20.0dB ( 50.5 + j10.1 ) Ohm
| 1900 M-z 20.9 dB [ 53.2 + 8.8 ) Ohm
1950 MHz 28.5 dB {523 + |26 ) Ohm
2000 MHz 16.7 dB [43.2+]84) Ohm

3.2 Antenna Design and Handling

The cakbration dipole has a symmetnc geomelry wilh a built-in two stub matching network, which leads to the
enhanced bandwidth.

The dipobe Is built of standard semirigid coaxial cable. The intermal matching line is open ended. The antenna is
therefore open for DC signals.

Do not apply force to dipole arms, as they are liable to bend. The soldered connections near the feedpoint may
ba damaged. After excessive mechanical stress or overheating, chack the impedanca characieristics to enaure
that the internal matching network is not affacted,

Afler long term use with 40W radiated power, only a slight warming of the dipole naar the feedpaint can ba
measured.
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3.3 Measurement Sheets

3.3.1 Return Loss and Smith Chart
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332

DASY4 H-Field Result

DeaveTime: D81 12009 12:32:23%

Test Laboratory: SPEAG Lah2

HAC RF_CO1880 _1008_091118_H_CL

DUT: HAC Dipole 1880 M Hz; Type: CDISSOV; Serial: 10408
Commanication Systens CW: Frequency: TERD MHz

Medium parameters used: o = 0 mhoim, 5 = 1; p= | kg/m’
Fhantom section: RF Section

Messurement Standard: DASYS (IEEENEC/ANST Ca3 192007}
DASYS Configuration:

Probe: HIDWG - SMG063; @ Calibrated: 2212 2008

Sensor-Surfoce: (Fix Surface)

Electronics: DAES SnT31: Calibrated: 20,02, 2009

Phamtom: HAC Test Arch with AMCC; T:.'pc' S HAC PO BA; Serial; W70
Measuremenl 5W; DASYS, V5.2 Build 157; SEMUAL X Versgm 14,0 Build 57

Dipole H-Field measurement @ I880MHz'H Scan - measurement distance from the probe
sensor center to CD1E80 Dipole = 10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: ds=3mm, dy=Smm

Maxamum value of peak Todal fickd = 0471 Afm

Probe Modulation Factor = |

Device Refercnce Poin: O, O, -6.3 mm

Reference ¥alue = 0.4%0 Admy Power Deill = 0004498 dB

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

Peak H-fiekd in Admy

Grid | Girid 2 Grid 3
0.408 0.423 0.398
M2 M2 M2
Cirid 4 Gridl Grid &
0.456 0.471 0.439
M2 M2 M2
Grid 7 Grid & Gridd 9
0.420 0.435 0.400
M2 M2 M2

i dB = 0471 Adm
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3.3.3 DASY4 E-Field Result

Test Lahoratory: SPEAG Lab

HAC_RF_CD1880 1008 081118 E CL
DUT; HAC Dipale 1880 MHz; Type: CDIBS0V3; Serinl: 1008
Communication Systerm: CW; Frequency: | B0 MHz
Medium parameters used: a =0 mho'm, g = 1 p = HEN kg/m™
Phantom section: RF Section
Measurement Standard: DASY 5 (IEEEAEC/ANSICG3.19-2007 )
DASYS Configuration:

" ® & & @

Probe: ERIDVE - SMI336;
Sensor-Surisec: (Fix Surface)

Ebectromics: DAES SnT8 1 Calibrated: 20.02. 2009
Phantom: HAC Test Arch with AMOC: Type: S0 HAD POT BA; Serial: 1070
Measmremens SW; PASYS, V5.2 Build 157; SEMCAD X Verion |40 Build 57

ComvF1. 1, Tk Calibrated: 22,12, 2008

CratesTime: 18112009 17:16:43

Dipole E-Field measurement @ 1880MH#/E Scan - measurement distance from the probe sensor
center to CD1880 Dipole = 10mm/Hearing Aid Compatibility Test (41x181x1):

Blegsuremenl ;.;rld. dx=5mm. d}':ﬁ mim
Maximum value of peak Total field =

Probe Modulation Factor = 1

Dewvice Reference Poing: 4, O, -6.3 mm

136.2 ¥/m

Reference Value = 1523 Wim; Power Dl = 000386 dB
Hearing Ajd Near-Field Category: M2 (AWF 0 dB)

A

614

1T

Peak E-Tield in Vim

Grid | Gnid 2 cirid 3
124.7 132.1 131.1
M2 M2 M2
Ciriel 4 Geid § Crid 6
86.6 90.1 87.7
M3 M3 M3
Giridd 7 Grid & Grid
130.7 136.2 132.2
M2 M2 M2

0 dB = 136.2V/m
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