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Methods Applied and Interpretation of Parameters:

s Coordinate System: y-axis |s in the direction of the dipale arms. z-axis is from the basis of the antenna
(mounted on the table) lowards iis fead paoinl between the two dipole arms, x-axis is normal to the other axes,
In coincidence with the standards [1], the measurement planes (probe sensor centar) are selected 1o be at a
distance of 10 mim (15 mm for [2]) above the top metal edge of the dipole amms.

= Measurement Conditions: Further detalls are available from the hardcopies at the end of the certificate. All
figures stated in the cerificate are valid at the frequency indicated. The forward power to the dipole connector
is sl with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler. While the dipale under lest is connected, the forward power is adjusted to the same level,

* Antenna Posilioning: The dipole is mounted on a HAC Test Arch phantom using the matching dipole
positionar with the arms horizontal and the feeding cable coming from the floor. The measuremenis are
performed in a shielded room with absorbers around the setup to reduce the reflections.

It 15 varnlied beftore the mounting of the dipole under the Test Arch phantom, thal its arms are perectly in a
line. |t is installed on the HAC dipole positioner with its arms parallel below the diglectric relerence wire and
able 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 is adjusted after dipole mounting with a DASYS Surface
Check job. Before the measurament, the distance between phamtom surface and prabe tip s verified. The
proper measurement distance is selected by choosing the matching section of the HAC Tes! Arch phantom
with the proper device reterence point (upper surface of the dipale} and the matching grid reference point (tip
of the probe) considering the prabe sensar offset. The verlical distance to the probe is essential for the
ACCUracy.

o  Feed Point impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impedance is specified at the SMA connactar of the dipole. The intluence of reflections was
eliminating by applying the averaging lunction while mowing the dipole in the air, at least 70cm away [rom any
obstacles.

» E-field distribution: E field is measured in the x-y-plane with an sotropic ER30-field prabe with 100 mw
lorward powar to the antenna leed point. In accordance with [1] and [2], the scan area is 20mm wide, |ts
length exceeds the dipole arm length (180 or 80mm), The sensor center is 10 mim (15 mm for [2]) {in 2) above
the metal top of the dipole arms. Two 30 maxima are available near the end ot the dipole arms. Assuming the
dipole arms are pereclly in one ling, the average of these two maxima (in subgrid 2 and subgrid 8) is
determined to compensate for any non-parallelity to the measurement plane as well as the sansor
dispiacement. The E-field value stated as calibration value represents the maximum of the interpolated 30-E-
field, in the plane above the dipole surface

*  H-field distribution: H-teld 15 measured with an isotropic H-field probe with 100mW forward power to the
antenna leed paint, in the x-y-plane. The scan area and sensor distance is equivalent to the E-field scan. The
maximum of the fleld s available at the center (subgrid 5) above fhe feed point. The H-field value stated as
calibration value rapresants the maximum of the interpelated H-field, 10mm above the dipole surface at the
feed point.

Tha raportad uncertainty of measurement s staled as the standard uncertainty ol measurement multiplied by the
coverage factor k=2, which lor a normal distribution corresponds to.a coverage probability of approximalely 95%,

Cedificate No: CDB3SV3-1171 _Jan13 Page 2ol 8




Measurement Conditions

DASY system configuration, as far as nat given on page 1.
DASY Version DASYS V52.8.5
Extrapolation Advanced Extrapo!aubn
Phantom _ HAC Tes! Arch
Distance Dipole Top - Probe T 10mm
Center 15mm
Scan resolution dx, dy = 5 mm
Frequency 835 MHz « 1 MHz
Input power drift = 0,05 dB
Maximum Field values at 835 MHz
H-field 10 mm above dipole surface candition interpolated maximum

Maximum measured

100 mW input power

0.470 A/ m 8.2 % (k=2)

E-field 10 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high and

100 mW input power

1707 Vim

Maximum measured above low end

100 mW input power

1682V /im

Avaraged maximum above arm

100 mW input power

169.5 V/ m +12.8 % (k=2)

E-field 16 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high and

100 mW input power

1084V m

Mazimum measured above low end

100 mW input power

1086V/m

Averaged maximum above arm

100 mW input power

109.0 V/im =128 % (k=2)

Caricaie Mo; CDB35VE-1171_Jan13
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Appendix

Antenna Parameters

Frequency Return Loss Impedance

BOO MHz 161 dB HB0-120 0
8356 MHz 24.7 dB 5066 + 59 jQ
800 MHz 16.2 dB 57.10-15.2 0
850 MHz 19.8 dB 4454 + 81 j0
860 MHz 15.3d8 B2.9 L+ 17.7 2

3.2 Antenna Design and Handling

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

enhanced bandwidth

The dipale is built of standard semirigid coaxial cable. The internal matching line is opan ended. The antenna (s

therefare.open for DC signals.,

Do not apply force to dipole arms, as they arae liable to bend. The soldered connections near the feedpoint may be
damaged. Ater excessive mechanical stress or overheating, check the impedance characteristics to ensure that the

intemal matching network is not affected.

Alter long lerm use with 40W radiated power, only a slight warming of the dipole near the leedpoint can be measured.

Cerificate No: COB35V3E-1171_Jan13
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Impedance Measurement Plot
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DASY5S H-field Resulit

Pt 2200200173

Fest | ..||1|l'|.|[1||'} SPEAL Lab2

T : HAC-Ihpole 835 MHz: Tvpe: CDE3SY3: Serial: ('I)HJ:.T:\'} - SN: 1171

Commumcation System; CW; Fregquency: 835 MHz

Mediuwm parmmoters used: g =05/ =1 p= 1 l,_u,"ul'
Phantom section: BF Section

Measorement Standard: DASYS (IEELRTEC/ANST Cad. 19-2007)

DASY 52 Configuration

* Probe: HIDVE - SNEDES; ; Callbrated: 28.12.2012

o Sensor-Surface: (Fix Surface)

¢ [lectronics: DAES Sn781; Calibrated: 29.05.2012

o Phantom: HAC Test Arch with AMCC; Type: 50 HAC PO1 BA; Serjal: 1070
*  DASYS52 52.8.5(1058); SEMCAD X 14.6.8(7028)

Dipole H-Field measurement @ 835MH2H-Scan - 835MHz d=10mm/Hearing Aid Compatibility Test (d1x361x1):
Interpolated grid: dx=t. 5000 mmy, d y=U_5000 1mumn

Device Reference Poine (O, 0, 6.3 mm

Referenee Value = 05000 Adimg Power Dl =-0.01 JB

PMR not callbrated. PME = | O 15 applicd

H-field emissions = 04695 Adm

Mear-licld eategory: M4 (AWE (1 dB)

PMF sealed H-field

(RN

1.8

serificate Na: CDERGEVA-1171 _Jan13

Grid 1 M4
0.388 A/m

Grid 2 M4
0.414 Afm

Grid 3 M4
0.396 A/m

Grid 4 M4
0.434 Afm

Grid 5 M4
0.470 Afm

Grid & M4
0.454 A/m

Grid 7 n4
0.378 A/m

(Grid & M4
0.415 Afm

Grid & Ma
0.404 Af/m

0 dB =0.4695 Afm = -5.57 dBASmM
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DASYS E-field Result

et Lahorattry: SPEAG Liah2

DUT: HAC-Dipole 835 MHz; Type: CD83SV3; Serial: CDRISVI - SN: 1171

Communication System; CW; Frequency: 835 MHz
Medium purameters used: o =0 8/m, &= 1 p= 1000 kg/m’

Phamom section! BF Section

Medsuremuent Stundard: DASY S (TEEINEC/ANS] A3 | 9-2007 )

PPASYS2 Configuration

¢ Probe: ERIDVE - SM2336; ConvF(l, 1, 1), Callbrated: 2812 2012

« Sensor-Surface: [Fix Surface)

¢ Electronics: DAES Sn781; Calibrated: 29.05.2012
&  Phantom: HAC Test Arch with AMCC; Type: 5D HAC PO1 BA; Serial: 1070
¢  DASYS5Z 52.8.5(1059); SEMCAD X 14.6.8{7028)

Date: 220120013

Dipole E-Field measurement @ §35MH2/E-Scan - 335MHz d=10mm/Hearing Aid Compatibility Test (41x361x1:
Interpolated grd: da=0.5000 mumg dy=10.500K} mun

Device Reference Point: 0, O, -6.3 mm

Reference Yalue = 11122 Vim; Power Dol = 0,01 dB

PMR not calibrted. PMF = 1000 is applicd.
E-field emissions = 170.7 Vim
Newr-field category: M4 (AWF O dBR)

PMEF scaled E-field

Grid 1 M4
162.4 V/m

Gnd 2 Ma
168.2 V/m

Grid 3 M4
163.2V/m

Grid 4 M4
B741V/m

Grid 5 M4
89.98 V/m

Grid 6 M4
B7.51V/m

Grid 7 M4
161.5V/m

Grid B ma
170.7 V/fm

Grid 9 M4
168.5 V/m

Cartificate No: CEE3EV3-1171_Jani13
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Dipole E-Field measurement @ SISMHZE-Scan - 835MHe d=15mm/Hearing Aid Compatibility Test (d1x361x1 )
Intarpoluted grid: de=0-S000 rmm, dy=15KK inm

Device Relferénce Poing O, O
Reterence Vil

1.3 fam

1122 Vi Power Dritt = 0,00 48
PME not calibeated, PMEF = 1000 15 applied
E-Teld emissions = 1086 Vim

Near-field category: Md (AW 0 dB)

PMF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 Ma
106.6 V/m|108.6 V/m |107.3 V/m

Grid 4 Ma JGrid 5 M4 |Grid 6 M4
63.23 V/m |64.09 V/m |63.16 V/m

" g

0dB =170.7 V/m = 44.64 dBV/m

Cartificate No: CDB3EV3I-1171_Jan13 PageBof B
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Client Sporton-CN (Auden) Certificate No: CD1880V3-1155 Jan13
CALIBRATION CERTIFICATE

Cbjse! CD1880V3 - SN: 1155
Callbralibn proceduisia) QA CAL-20.v6

Calibration procedure for dipoles in air

Calibration data; JﬁﬂUﬂf]' 22, 2013

This calibration cerificate documents the fraceability to nabonal standards, wiech realize the physical units of measuraments (S1)
The measurements and he uncertainbes with confidence probability are given an the lollowing pages and are part of the cerhiicats

All calibrations have bean conducted In the clesed laboratory facility. environmant tlemparatune (22 = 30°C and humidity < 70%.

Calibration Equipmant usad (MATE crtical for calibration)

Primary Standards LD Cal Date (Cerfificate No.) Scheduled Calibration

Power meter EPM-4424 | GE3T480704 O-Nov-12 (No, 217-01640) Oet-13

Power senser HPE B487A US3T2a27a3 0 -New-12 (No. 21 7-01840) Oet-13

Raterance 10 dB Altediielor SN 0472 (10g] 27-Mar-12 {No. 21 7-01527) ) Apir-13

Prabe ER3DVE | BN: 2336 JB-(ec-12 (No. ERG-2336 _Deciz) Dec-13

Probe HADWVE SM: BO6S PB-Deec12 (Mo, H3-6065 Dect2) Dec-14

[IAEA M FEN 20:-May-12 (No. DAE4-781_May12) Mimy-13

Sacondary Standards |Cr 4 Check Date (In house) Scheduled Check

Power madar Agliart 44108 EM: GR42420191 08-0ct-08 (in house check Oct-158) In house check: Ool-13

Power sensor HF E44124 SN MY41485277 01-Apr-08 (in house check Oel-12) In housa chosk Oct-13

Powir sansor HP B4E0A 8M: US3T205507 09-0ct-08 (in house check Oel-12) In hausa check: Cet-13

Hatwatk Analyzer HP A753E U537 390585 18-0ct-01 (in Nouse check Ot-12) I house check: Oct-13

AF ganarator &S SMT-06 SH: 832283011 2T-Aug-12 (in housa check Oo-12) In housa check: Oct-14
Meme Funetion Slgnature

Callbrated by Claisdle Letile Laboraiary Technician i

\. "
s
Approved Ly Fin Emholt Daputy Tachnical Manager —r——

/- Loondoud

lgaued: Januany 24, 2013

This callbrafian cedificate shall nol b reproduced sxsapt b 16l wathout written appaoval of the lBboraton

Cerificate No: CD18B0V3-1155_Jan13 Page 1 of 10
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References

[1] ANSI-CE3, 18-2007
American National Standard for Methods of Measurement of Compatibility between Wireless Communications
Devicas and Hearing Aids.

2] ANSI-CE3.18-2011
Amencan Mational Standard, Methods of Measurement of Campatibility between Wireless Communications
Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

* Coordinate System. y-axis is in the direction of the dipole arms. z-axis is from the basis of the antanna
(mournted on the table) lowards its feed point between the two dipole arms. x-axis Is normal to the other axes.
Irr coincidence with 1he standards [1], the measurament planes (probe sansor canter) are selected to be al a
distance ot 10 mm (15 mm lor [2]) above the top medal 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 lrequency indicated. The forward power o the dipole connector
15 sel with a calibrated power meter connected and monitored with an auxiliary power meter connected o a
directional coupler. While the dipole under test is connected, the forward power is adjusted to the same level.

= Antenna Posifioring: 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 measurements are
pertormed in a shielded room with absorbers around the setup o reduce the retlections.
It 15 veanfied before the mounting of the dipole under the Test Arch phantomn, that ts arms are perfecily in &
line. It is installed on the HAC dipole positioner with its arms parallel below the dielectric referance wire and
able to move elastically m vertical direction without changing its relative position 1o the top center of the Test
Arch phantam. The verlical distance to the probe is adjusted after dipole mounting with a DASYS Surface
Check job. Before the measurement, the distance between phantom surface and probe tip is verified. The
proper measuremeni distance is selected by choosing the matching section of the HAC Tesl Arch phantorm
with the proper device referance point (upper surface of the dipole) and the matching gnd reference point (tip
of the probe) considering the probe sensor offsel. Tha vartical distance to the probe is assantial for the
accuracy.

e Feed Point Impedance and Return Loss: These parameters are measured using a HP 8753E Vector Network
Analyzer. The impedance is spacified at the SMA connector of the dipole. The influence of reflections was
aliminating by applying the averaging function while moving the dipole in the air, at least 7lcm away from any
obstacles

» E-fisld distribution: E field |s measured in the x-y-plane with an isotropic ER3D-field proba with 100 mwWw
forward power to the antenna leed point. In accordance with [1] and [2], the scan area is 20mm wide, its
length exceads the dipole arm length (180 or 30mm), The sensor center is 10 mm (15 mm for [2]) (in z) above
the metal top of the dipole arms. Two 3D maxima are available near the end of the dipole arms. Assuming the
dipole arms are perfectly in one line, the average of these two maxima (in subgnd 2 and subgnd 8) 15
determined to compensate for any non-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 30-E-
field, in the plane above the dipole surface.

s H-field distribution: H-field is measured with an isatropic H-field probe with 100mW forward power to the
antenna fead point, in the x-y-plane, The scan area and sensor distance s equivalent to the 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 represants the maximum of the interpolated H-field, 10mm above the dipole surface al the
feed paint.

Tha reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the
coverane tactar k=2, which for a normal distribution corresponds 10 & coverage probability of approximately 95%.

Ceantllicate No: CD1880V3-11565_Jan13 Page 2 ol 10




Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version 2ASYS V5285
Extrapolation Advanced Extrapolation

Phantom HAC Test Arch

Distance Dipole Top - Prabe 10mm

Center 15mm

Scan resolution dx, dy = 5 mm

1730 MHz + 1 MHz

Frequency 1880 MHz + 1 MHz
Input power drift = 0.05 dB
Maximum Field values at 1730 MHz
H-field 10 mm above dipole surface condition interpolated maximum

Maximum measured

100 mW input power

0.502 A/ m £ 8.2 % (k=2)

E-field 10 mm above dipole surface

condition Interpolated maximum
Maximurn measured above high end 100 mW input power 1565V m
Maximum measured above low end 100 mW input power 1488V /m

Averaged maximum above arm

100 mW input power

154.4 V/m = 12.8 % (k=2])

E-field 15 mm above dipole surface

condition

Interpolated maximum

Maximurn measured above high end

100 mW input power

8gav/m

Meximurn measured above low and

100 mW input power

B V/m

Averaged maximum above arm

100 mW input power

980V /m +£12.8 % (k=2)

Maximum Field values at 1880 MHz

H-field 10 mm above dipole surface

condition

' interpolated maximum

Maximurn measured

100 mW input power

0.471 A/ m = 8.2 % (k=2)

E-field 10 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high end

100 mW inpul pawer

1441 V./m

Maximum measured above low end

100 mW input powar

1383Vim

Averaged maximum above arm

100 mW input power

1412V /im = 12.8 % (k=2)

Maximum measured above low end

E-field 15 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input power 90.8 V/m
100 mW input power B02Vim

Averaged maximum above arm

100 mW Input power

90.5V/m < 12.8 % (k=2}

Centilicate No: CD1880V3-1155 Jan13
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Appendix

Antenna Parameters

Nominal Frequencies

Frequency Return Loss Impedance

1730 MHz 333 dB 5200Q-10jQ
1880 MHz 18.3 dB 4340 +89.2j0
1800 MHz 19.0 oB 462 (1 + 10.1 £}
1950 MHz 23.5dB 50.4 Q1+ 8.7
2000 MHz 19.4 dB 42.7 (2 + 6.8

3.2 Antenna Design and Handling

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

enhanced bandwidth,

The dipola is buill of standard semirigid coaxial cable. The internal matehing line Is open ended. The antenna is

therafore apen for DC signals.

[0 nol apply torce to dipole arms, as they are liable 1o bend. The soldered connections near the feedpoint may be
damaged. Alter excessive mechanical stress or overheating, check the impedance characteristics to ensure that the

intarnal matching network i1s not affected.

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

Certiticate No: CD1880V3-1155_Jan13

Page 4 of 10




Impedance Measurement Plot
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DASYS5 H-field Resuit

Test Labonitoty! SPEAG Lyh2

DUT: HAC Dipole 1880 MHz; Type: CDISS0OV3: Serial: CDISBOV3 - SN; 1155

Communication System: CW: Froquency: TRR0 MHz, Frequency: 1730 MH:
Medium parameters used: o = 0 Stm. e, = 1. p = 1 kgfm’

Phanom secuon: BRE Section

Measurement Standard; DASY S (IEEEAEC/ANST Cod 192007

DASYS52 Conligurntion:

Sansor-Surface: {Fix Surface)

Frabe. HIDVE - SNEDES,; | Calibrated: 28.12.2012

Electranics: DAE4 Sn781; Calibrated: 29.05.2012
Phantom: HAC Test Arch with AMCC: Type: 50 HAC POL BA; Serial: 1070
. DASYSZ 52.8.5(105%); SEMCAD X 14.6.8(7028)

Chate 22.01. 2013

Dipale H-Field measurement @@ 1880ME2/H-5can - 1880MHz d=10mm/Hearing Aid Compatibility Test (41x181x1);
Imerpolaied grid, dx=0, 5000 mum, dy={.50000 mm

Provice Rulerence Poing: O, 0, 6.3 mm

Reference Value = 05000 Adm: Power Dl = 000 B

PME not calibrated. PMTE = 1.000 15 apphicd.

H-held ermssmons = 0,471 Afm

Near-ficld category: M2 (AWF 0 dB)

PMF scaled

H-figld

Grid 1 M2
0.407 A/m

Grid 2 M2

Grid 3 M2

0.431 Afm|0.414 A/m

Grid 4 M2
0.441 A/m

Grid 5 M2
0,471 Afm

Grid b M2
0.456 Af/m

Grid 7 M2
0.399 A/m

Grid 8 M2
0.435 A/m

Gridd 9 M2
0.422 Afm

Cedificatas No: CD1880V3-1155 Jan13
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Dipole H-Field measorement 6@ 18R0MHe/H-Scun < 1730MHz d=10mm/Hearing Aid Compuatibility Test (dix181x1 )
Interpolated prad: da=t0 5000 o, dy=4 SO0 mm

Pevice Reference Point: O, 1, 6.3 mm

Relerence Yolue= 005340 Afm Power Bele=0.00 d8

PMR not calibrated: FMEF = LI s applled

FL-Tieli) emissions = 03006 A

Near-ficld category: M2 (AWF 0 dl)

PrAF scaled H-fisld

Grid 1 M2 |Grid 2 M2 |Grid 3 M2
0.417 Afm |0.442 Afm|D.424 Afm
Grid AM2 |Grid & M2 |6

0.466 Afm |0.502 A/m [E8

Grid 7 M2 |@

0.407 A/m |8

il

iFL R

0dB =0.4711 A/m = -6.54 dBAS/m

Certilicate Na: CD1880V3-11585_Jan13 Fage 7 ol 10




DASYS E-field Result

Test Labiwatory: SPEAG Lab2

DUT: HAC Dipole 1880 MHz; Type: CD1880Y 3: Serial: CDISBOV3I - SN: | 155

Commumeanon System: CW: Frequency: 1880 MHz, Frequency: 1730 MHz

Medium purameters used: o= 0 5/m. g, = 1: p = 1000 kg/m’

Phantom secnon; B Section

Measurement Standard, DASY S (IEEE/EC/ANST CA3 192007

DASYS2 Configuration:

* Probe: ERIDVE - SN2336; ConvF{L, 1, 1): Calibrated: 28.12 2012:

o Sensor-Surface: (Flx Surface)

* Electronics: DAE4 Sn781; Calibrated: 29.05.2012
* Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA: Serial; 1070
e DASY52 52.8.5(1059); SEMCAD X 14.6.8{7028)

[Duabe; 2201 2003

Dipule E-Field measurement @ IS8OMILZE-Scan - 1880MHz d=10mm/Hearing Aid Compatibility Test (41x181x0):
Interpolated grid: dx=0,5000 mm, dy=0.5000 mm

Device Reference Polog: O, O, -6.3 mm

Reference Value = 158:6 Vim: Power Drllt = 0,02 B

PMR not ealibrued. PME = 1.000 is applied
E-field cmssions = 4.1 Vim
Mear-field category: M2 (AWE O dIb)

PMF scaled E-fleld

Grd 1 M2
133.2V/m

Grid 2 M2
1383 V/m

Grid 3 M2
135.0 V/m

Grid 4 M3
8736 V/m

Grid 5 M3
90.00 V/m

Grid & M3
86.70 V/m

Grid ¥ M2
134.1V/m

Grid 8 M2
1a4.1 Vfm

Grid 9 M2
141.9v/m

Cartificate Mo CO1B80V3-1165 Jan13
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Dipole E-Field measurement @ |RROMH2E-Sean - 1RB80MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Interpoluted grids dx=0.5000 o, dy=00 SUO0 mm
Dieviee Relerence Poinee 0, (), =63 i

Reference Yalue = 1584 Yim; Power Dt = (103 dH
PMR natcalibrated. PMI = 1.000) 15 applicd

E-ield crmssions = 9017 Vim

Near-field category: M3 (AWEF O dB)

PMF scaled E-field

Grid 4 M3

Grid 5 M3

Grid & M3

69.62 V/m |70.44 V/m |69.49 V/m
Grid 7 M3 |Grid 8 M3 |Grid 9 M3
87,24 V/m [90.17 V/m |89.49 V/m

Dipole E-Field mensurement @ 1880MH2E-Scan - 173MHz d=1lmm/Hearing Aid Compatibility Test (d0x 081« ):

Interpolated grid: dx=005000 mm, dy=0, 300 mm

Dievice Reterence Pomi: €, (), <623 mm

Refetence Value = 1747 Vim: Power Dirift = 0.01 dB

PMR nol calibrated. PME = 1LODO is applied.

Eihield emisstons = 149 8 Vim
Near-field eategory: M2 (AWF ) dB)

PMF scaled

E-field

Grid 1 M2
1442 V/m

Grid 2 M2
145.8VW/m

Grid 3 M2
1464 V/fm

Grid 4 M3
99.58 V/m

Grid 5 M3
102.9 Vi/m

Giid 6 M3
989,22 V/m

Certificate No: CD1880V3-1155_Jan13

Page 2 ol

10




Dipole E-Fickl measurement @ IB80MH2/E-Sean - 1730MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Inrerpobiled g o=t 00 mm, dy=0, STL mm

Device Relerence Poit O 0 260 i

Reéterence Yillue= 1753 Viim: Pivwer Dinifi= -0.01 dB
PME nol calibrated. PME= 100008 applicd

E-field ermussions = 98,12 Vim

Mear-field categorv: M3 (AWEF 0 dB)

PMF scaled E-field

Grid I M3 |Grid 2 M3 |Grid 3 M3
95.89 V/m |98.12 V/m |97.01 V/m

Grid 4 M3 |Grid M3 |Grid 6B M3
7566 V/m|76.83 V/m |75.74V/m

Al
=l

4 1LaY

1,24

4 890

B53

0dB=144.1 V/m =43.17 dBV/m

Cartificate Nao! CD1BE0V3-1155_Jan13 Page 10.f 10
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n - CN (Auden) Certificate No: DAE4-1210_Dec12
CALIBRATION CERTIFICATE .

Dbject D’A:Eﬂ- - SDQMB‘D#'BJ'EN: 1 21 n'

Cliem

Caallbwation procedunsa) ﬂ,ﬂswwﬂﬂtﬂﬁ 3 _ -
Calibration procedure for the data acquisition electronics (DAE)

Callbration data December 05, 2012

Thiz calibration certificate documents the receability to_national standards. which realize the physical units of measuremants (S))
The measurements and the uncartainties with confidence probability are given on the Tollowing pages snd ars pan of the cedificals.

All calibrations have been conducted in the closed labomtory fBdlity: environmen! temperature (22 £ 3)1°C and Humidity < T0%.

Calibraton Eguipment used (MATE critical lor callbration )

E_i_"ﬁn_ugﬁ_mnnards I N i_I_D o Cal Date (Certificate No,) Scheduled Catitmalion |
Keihiey Mullimetsr Type 2001 | SN; DBTOZTS 02-0ct-12 [No: 12728) Oct=13
“Secondary. Slandarts | 10 # Chack Date (in nousa) Scheduled Check.
Calibrator Box V2 1 ‘ SE UWSE 053 AA 1001 05-dan-12 (in house chedck) if nouse check: Jan-13
Mame Funchion Signatum

Calibrated bry: Damirique Staffen Technictan %
AipreNed by: Fifl Bormholt RAD Director A l'q .

|zt Chescmrmber &, 2012

This calibration cemficate shall not be mpoduced except in ull without witten approval of thi labository.

Certificate No: DAE4-1210_Dect2 Page 1 of &
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A T e
Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.:. SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilsteral Agreement for the recognition of callbration cenilicates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X lo the robot
coordinate system.

Methods Applied and Interpretation of Parameters
« DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards, The figure given
corresponds to the full scale range of the voltmeter in the respective range.

= Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

« The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

= DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voitage is included in this
measurement.

= Common mode sensitivity: Influence of a positive or negative common mode vollage on
the differential measurement.

« Channel separation: Influence of a voltage on the neighbor channels nol subject to an
inputl voltage.

e« AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero Input voltage

¢ Input Offsel Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

« [npuf Offset Current: Typical value for information; Maximum channel inpul offset
current, not considering the input resistance.

= [npul resistance: Typical value for iInformation: DAE inpul resistance at the connector,
during internal auto-zeroing and during measurement.

s Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

« Power consumption: Typical value for information. Supply currents in vanous operating
modes.

Certificata No. DAE4-1210. Dea12 Pege 2 olb



DC Voltage Measurement

AJD - Convertet Resolution nomins) _
High Range. 1ILSE = 6.1V, full mnge = -100...+300 mv
Law Range: 1IL58= g1ny full mnge= —%......+3mV
DASY measurement parametars: Auto Zetp Time: 3 se; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.091 + 0.1% (k=2) | 404.919+0.1% (k=2) | 405.025 4 0.1% (k=2)
Low Range 3.809675 + 0. 7% (k=2) 3.98227 + 0.7% [k=2) 380772+ 0.7% (k=2)

Connector Angle

[ Connector Angle lo be used in DASY system gLy ¥

Cerfificats No. DAEA-1210 - Diec12 Page 3of 5



Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (pV) Error (%)
Channel X + Input 199953.07 -3.75 -0.00
Channel X + Input 2000316 260 0.1
Channal X = Input -19998.08 247 0.0
Channal Y + Input 190904 .04 135 .00
Channel ¥ + Input 19989.07 -1.63 -0.01
Channel ¥ - Input -20000,95 0,44 0.00
Channal Z + Input 189094.94 197 -0.00
Channel Z + Input 19999.33 -1.29 0.0
Channel Z - Input 20000.75 -0.11 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.03 0.1 0.01
Channel X + Input 201:53 016 008
Channel X - Input -188.20 0:30 .15
Channel ¥ + Input 200011 -0.85 104
Channel Y + Input 201.00 049 -0.20
Channel Y - Input -188.21 -0.67 0.34
Channel Z + Inpurt 2000.86 0.03 0.0a
Channel Z + Input 200.73 .40 -0.20
Channel 2 - Input 18067 -0.94 0.47
2. Common mode sensitivity
DASY measurement parameters: Aulo Zero Time: 3 sec. Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (pV)
Channel X 200 474 -6.48
- 200 8.83 e
Channel Y 200 874 975
- 200 5.98 5.81
Channel Z 200 11.87 12.25
=200 -14.43 -13:83
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec;, Measuring time: 3 sec
Input Yoltage (mV) | Channel X (V) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 - 137 -3.24
Channel Y 200 819 3.26
Channel Z 200 928 5.75

Certificate No: DAE4-1210_Deg12
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4. AD-Converter Values with inputs shorted

DASY mieasutement paramelers Auto Zero Time: 3 sec; Measuring lime: 3 sec

High Range (LSB) Low Range (LSB)
Channal X 15948 17607
Channel Y 15661 16469
Channel Z 15878 17304

5. Input Offset Measurement
DASY measurement parameters. Aulo Zero Time: 3 sec; Measuring time: 3 sec

Inpul 10M0

Average (uV) min. Offset (uV) | max. Offset (uV) ] ?:;’:Eﬁﬂl’l
Channel X 1.08 0:33 2,52 (.41
Channel ¥ 0.84 -210 106 .40
Channel Z 0.8z =1.73 0.08 0.39

6. Input Offset Current
Marninal Input clroultry offset cument on all channels: <25fA

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channal 2 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values Alarm Level (VDC)
Supply (+ Vce) +7.9
Supply (- Vee) -7.8

9. Power Consumption (Typical values for Information)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply {+ Vec) +0.01 +G +14
Supply (- Vee) =001 -8 -G

Cerlificate Mo, DAE4-1210 Dec12 Page 5 of 5
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Aocredited by tha Swiss Accreditation Service {SAS)
The Swiss Accreditation Service |s one of the signatories 1o tha EA
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Cliont

Sporton-CN (Auden)

Accroditation No.:

Schwnizorischor Kallbrierdions:
Service suisse d'étalonnage
Servizio svizzero di taraturn
Swiss Callbration Sarvice

SCS 108

Certificate No: ER3-2476_Dec12

CALIBRATION CERTIFICATE

ER3DVE - SN:2476

Crhpect

Canbration procedurais)

Ianlitration dale:

QA CAL-02.v8, QA CAL-25.v4
Calibration procedure for Ev-ﬁdﬁpruhes ﬂptimiaad for close near field

evaluations in air

December 12, 2012

| Thia callbration cenificate documents the traceability to national standards. which reslize the physical units of measurements [S1).

Thi maasdrameants and the uscedainties wilh conflidence probability am given on e [ollowing pages and ane parn of the cafilicate.

I All talibrations have bean conducied i the clossd laboralary facilily: enviranment temparature (22 = 3)°C and bunigity < 70%

| Calibration Eguipment usaed (M&TE critical for catibralior |

Thie callbration certificale shall not be reprodunsd escept in (Ul withoul weiten appeoval ol Ihe aboraiory

Primary Standards i Cal Date (Cedificate Mo | Scheduled Callbration

Pawer meter E44198 GhE41203874 | 29-Mar-12 (No. 217-01508) Apr-13

Porwer sensor EQ4124 My'a 1498087 | 29-Mar-12 (No. 217-01508) Apr13

Rafsrence 3 dB Allenusios SN B5054 (3c) | =5 Mar-12 {No. 297.0%534) Aprid
-Relamance 20 57 Allaidiater E}_I"\EEEI@_@-_II?Q@L | 27- Mar-‘l? (NG ?1?-01‘:?91 Apr-13

_Redarance 30 53 Alenuator | SN 85120 (300} 2T-Mar-12 (No. 217-01532) Apr-13

Refamnce Probe ERIDVE SN 2328 12-00ct-12 (No. ER3-2328 Oct12) Oc-13

DAEL SN, 784 18-Sep-12 (No. DAE4-TBY Sep12) Sop-13

Secondary Standards 1o Chisck Dhate (in hiolise) Scheduled Check

RAF gonerator HP BEAAC LIS36220007 700 4. Mg -00 (in house check Apro11) In hise chack: Apr-13
. Mutwork Anadyem HP B7S3E i LISAT380585 18Dt fin house chack Cet-12) In house chack: Od-13

Mesrme Funtion
— et Pokae Tchvica Monager m

tegued’ Decambear, 12,2012

Carlilicate Mo: ER3-2476 Dec12
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Calibration Laboratory of e e

g Schweizerischer Kallbrivrdipma)
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Engineering AG il g Servizlo svizzera di taratura
Zeughaussirasse 43, 8004 Zurich, Swilzerand i -‘--r.n N 3 Swiss Calibration Sorvice
Aooreditad by the Swiss Accredilation Servics (SAS) Accreditation Mo.: SCS 108
The Swiss Acoreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificates
Glossary:
NORMx,y, 2 sensitivity in free space
Decp diade compression paint
CF crasi factor (1/duly_cycle) of the RF signal
A/BC modulation depanden! linearizalion paramelers
Polarization @ o rotation around probe axis
Polarization 8 4 rotatlon armund an axis that s in the plane normal to probe axis (al measurement cenlar),

l.&. 4 =01 narmal to probe axis

Connector Angle Information used in DASY syslem to align probe sensor X 1o the robol coordinale system

Calibration is Performed According to the Following Standards:
a) |EEE Sid 13098-2005, * |EEE Standard for calibration of electromagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHZ", December 2005
b) CTIA Test Plan for Hearing Aid Compatibility, April 2010

Methods Applied and Interpretation of Parameters:
NORMy y,2: Assessed for E-field polarization 3 =0 for XY sensors and & = 80 for Z sensor (I < 900 MHz in
TEM-cell; > 1800 MHz- R22 wavaguida),

e  NORM{Nx.y.z=NORMx.y.z * frequancy_respanse [see Frequency Response Chart).

s  DCPxy.z DCP are numencal linearization parameters assessed based on the data of power sweep with CW
signal (no unoertainty reguired). DCP does not depend on frequency nor media.

s  PAR: PAR is the Peak to Average Ralio that is not calibraled bul determined based on the signal
characleristics

o Ay yz Bryz Cxyz VRxy.z A B, Care numerical linearization parametars agssessed based on the dala of
powear sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

» Sphencal sotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
wavaguide selup.

» Sensor Offsel The sensor offsel corresponds to the affset of vintual measuremenl center from the probe tip
(on probe axis). No lolerance required,

« Coppector Angle; The angle is assessed using the information gained by determining the NORMx (no
uncertainty required)

Carificate No. ER3-2476_Deci2 Page 2 of 10



ER3DVE — SN:24T76 Jecembar 12, 2012

Probe ER3DVG6

SN:2476

Manufactured: March 31, 2009
Calibrated: December 12, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY 2 system!)

Carificate No: ER3-2478 Decld Page 3 of 10



ERIOVE- SN.2475 December 12, 2012

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2476

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Une (k=2)
Norm (uViVim)®) 1.85 172 2726 +10.1 %
OCP (mV)" 99.9 o989 97 =

Modulation Calibration Parameters

uip Coammunication System Name PAR A B c VR Une"
dB dB dB mv (k=2)
o cwW 000 | x 0.0 0.0 1.0 1654 | 3.3 %
¥ 0.0 0.0 1.0 1682.7
Fd 0.0 .0 1.0 166,59
10017 UMTS-FDD (WCDMA) 261 "] 97 BE A 1BA 133.4 | +00%
¥ 9,26 667 187 131 6 n
b .27 66.5 18.4 133.9
10627 GSM-FDD (TDMA, GMSK) 038 | x | 1040 694 8.5 1388 | +1.7%
v | 20086 o095 266 140.8
Z | et 99 9 292 1235 |
10039 | COMAZDO0 (1=xRTT, RC1) 4,57 « 478 BE.7 193 1297 +0.9 %
i ¥ 498 BT 4 19.7 1335
| i 479 66.4 1.9 1327
10081 | COMAZO00 (1xRTT, RCH) a7 % 349 B4 100 1296 | 0.7 %
¥ 4.02 66.4 19.1 1304
Z 3.04 Ba.8 18.4 130 4
10276 COMAZO00D (1xRTT, RC1, /8 Rate) 1297 X 1.37 ga.0 25.5 664 4.6 %
¥ 7.92 71.7 267 57 4
Fd B.40 712 25.5 618

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probability of approximately 95%.

* Numerical lineattzallan parmmater uncedainty nol reguired.
F Uncartsinty 5 determined using the max. deviation from linear response applying rectangular disiibution and is exprassed for the squane of e
Bl vidue

Carificate No: ER3-2476_Decl12 Page 4 of 10



ERIDVGE- SN-24 T8 December 12, 2042

Frequency Response of E-Field
(TEM-Celk:ifi110 EXX, Waveguide: R22)

Frequency response (normatzed)
> 2 3
s
L]
|
.
I'.
L]
|
i
E 3
|
I
LSS o

Ly il 1/ ) TES LAY I |

=
2000 2500 3000

1500
f [MHz]

Tﬁﬁ'l Rﬁ'i TE:E-II-T-éIU‘] Hﬂlfgjﬂ' i

Uncertainty of Frequency Response of E-field: £ 6.23% (k=2)

l -
500 1000
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ERIDVE- SN-2476 Degember 12, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM,0" f=2500 MHz R22.0"
fiol m ~ 5 ] % ' .
s s . L] s 4 - L3
of = Y .2 Tat X Y

Receiving Pattern (¢), 3 = 90°

=600 MHz, TEM,90° f=2500 MHz,R22 90°
& o o JPRIURI
[ - -Fl [ ® - » ]
Tt X ¥ F4 Tat X ¥ ;-

Certilicate No: ER3-2476 Decl2 Page 6 of 10




ER3OVE- SN 2478 December 12, 2012

Receiving Pattern (¢), 9 = 0°

i}
= | |
o = | » _'--l."ﬂ . b
o o= i 1— “. | __’:_r—lr--ﬁ |
: MR o = i
1 1 . 1 1 i 1 1 H 1 1 1 1 1 /| | ] |
{4 1|:..;. H I- A {51 1'r i
e Roll [7]
N ] | .
|-_-TCIJH. |:;z‘.'-'H—|_ ':auTn'.iEiH: 2600 T+
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
- - — ﬁ
Receiving Pattern (¢), 9 = 90
t‘ﬂ? | | :
E RN o o et T S = B #—ﬁ-—t—'—HMH—i——rﬂr—i—H—t = | -l:i‘ﬂlﬂH
IE | H |
-_-. o I Tt - e 1 | ; i I L ! i — 4 | | [ _I.i. | T _I...'_é_'_.'_
|E_|' i &i ik 141 15U

I|_'|Iﬂ;.|-._;|1u |','{In-l..‘\-|4-| 4 ilﬂlﬁlﬂ." ."‘."I-Tl'!l":'i".'

Uncertainty of Axial lsotropy Assessment: £ 0.5% (k=2]
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ER3OVE— SH.24TH

Input Signal [uv]

Dynamic Range f(E-field)

(TEM cell , f = 900 MHz)

1&-} L = 5 : p——
Lo
i p
- -
1054 s
Z
Aot ! ! .___u'_
},I’
f(
F
107 : x
-
L
102 -
2
. ]
- 1
10! "
2= = — Sl T
10 10 10
E total [Wim] ]
X o |
not compensatad compensated
g A e ———— T, —————— e e e
i
o - i
= e ..--J—lqli" o B e 2 1-—---.—'—-I"
E— O+ St s rre - ey o
(11} : L
5
- !  — 1 T
100 101 102
E total [V/m)
* | &

rot compatisated compansated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

10a

Decamber 12, 2012

1

Cantificate No: ER3-2476 Dec12
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ERADVE- SN:2478

Decamber 12, 2012
Deviation from Isotropy in Air
Error (§, 9), f=900 MHz

=
g
O

1.8 -08 048 -04 032

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

Cerllicate No: ER3-24786 DeciZ

Page 9 of 10



ER3IDVE— SN:24TH

Decombar 12, 2012

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2476

Other Probe Parameters
Sansor Arrangement Rectangular
Connector-Angle (7] 18:4
Mechanical Surface Detection Mode enabled
Optical Surface Detaction Mode disabled
Probe Ovarall Length 337 mm
Probe Bedy Diameter 10mm
Tip Lengthi 10 mm
Tip Diametar 8 mm
Probe Tip to Sensor X Cafibration Point 2.5 mm
Probe Tip to Sensar ¥ Calibration Point 2.5 mm
Probe Tip to Sensor Z Calibration Paint 25mm |

Carlificate No; ER3-2478 Dec12
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