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Calibration report “Probe ER3DV6”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kallbrierdisnst
Service suisse d'étalonnage
Servizio svizzero di taraturs
Swiss Calibration Service

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

client  Cetecom Certificate No: ER3-2262 Jan13/2

|CALIBRATION CERTIFICATE (Replacement of No: ER3-2262_Jan13) |

Ohject ER3DVE - SN:2262

Calibration procedure(s) QA CAL-02.v6, QA CAL-25.v4
Calibration procedure for E-field probes optimized for close near field
evaluations in air

Calibration date: January 11, 2013

This calibration certificate documents the traceability to national standards, whish realize the physical units of measurements (S1).
The measuramerts and the uncertainties with cenfidence probability are given an the fallowing pages and are part of the certificats.

All caliorations have been conducted in the closed labaratory facility: ervironment temparature (22 + 31°C and hum iddity < 7O%.

Calibration Equipment used (MATE oritical for calibration)

Primary Standards [ | cat Date (Certificate Moy | Scheduled Calibration gl
| Power meter E44198 | GB41z83874 | 28-mar-12 (No. 217-01508) Apr-13
| Power sensor E44124 IY41408087 29-Mar-12 (Mo, 217-01508) Apr-13 |

Reference 3 dB Allenuatar SN: 55084 (3c) 27-Mar-12 {No. 217-01531) Apr-13

Refarence 20 dB Attenuator Sh; 55088 (20b) 27-Mar-12 (No. 217-01529) Apr-13
| Reference 30 dB Aftenuator Sh: 35123 (30h0) 27-Mar-12 (No. 217-01532) Apr-13

Reference Probe ER3DVE SN 2328 12-0ct-12 (Mo, ER3-2328 Oct12) Cct-13 %
| DAE4 SN: 750 18-Sep-12 (No. DAEA-7BS Sept?) Sep-13

Hegondary Standards 1D Check Date (in house} ] Scheduled Check

RF generalor HE BGARC US3E4ZU01700 4-Aug-98 (in house check Apr-11) In house check: Apr-13
| Network Analyzar HP BYS3E US37a00s4s | 18-C6k-01 {in house check Ost-12) In house check: Ot-13
[ Mama Function Signeture

Calinrated by: Jeton Kastrati Laboratory Technician i

Approved by: Katla Pokovic Technical Manager

Issued: May 22, 2013

This calibration certificate shall nat be rapreduced excapt in full without written approval of the laboratory,

Certificate No: ER3-2282_Jan13/2 Page 1of 10
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM

Calibration Laboratory of Q‘“\&Bj”"@ S  Schweizerischer Kalibrierdienst

Schmid & Partner ;iB\EE\_//ME}% c Service suisse d’étalonnage
Engineering AG e Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand 2’/,1/17'\\/—\\\\\\3‘ 8 Swiss Calibration Service

gZmia

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Glossary:

NORMXx,y,z sensitivity in free space

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

A B,CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization § 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., § =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:
a) |EEE Std 1309-2005, * |IEEE 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:
s NORMx,y,z: Assessed for E-field polarization 8 = 0 for XY sensors and § = 90 for Z sensor {f <900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide).

o NORM(fx,y.z= NORMx,y,z * frequency_response (see Frequency Response Chart).

* DCPxy,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

¢ PAR:PAR s the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axy,Z Bxy.z; Cx.y.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power 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 dicde.

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

e Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

¢ Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certificate No: ER3-2262_Jan13/2 Page 2 of 10
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM

ER3DV6 — SN:2262 January 11, 2013

Probe ER3DV6

SN:2262

Manufactured:  May 18, 2001
Calibrated: January 11, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systeml}

Certificate No: ER3-2262_Jan13/2 Page 3 of 10
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM

ER3DV6- SN:2262 January 11, 2013

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)z) 1.53 1.34 1.61 +10.1%
DCP (mV)® 100.1 101.2 102.2

Modulation Calibration Parameters

uip Communication System Name A B [ D VR Unct
dB dBVuv dB mv (k=2)

0 cw X 0.0 0.0 1.0 0.00 | 1436 | =35%

Y 0.0 0.0 1.0 141.2

z 0.0 0.0 1.0 186.8
10011- UMTS-FDD (WCDMA) X 3.13 65.9 18.1 2.91 1147 | 205%
CAA

Y 3.08 65.7 18.0 112.1

z 3.19 66.5 18.3 113.0
10021~ GSM-FDD (TDMA, GMSK) X | 1724 99.1 28.4 9.39 109.1 £1.9%
DAA

Y | 1696 89.5 27.8 143.0

Z | 13.38 89.3 24.3 120.5

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 to a coverage
probability of approximately 95%.

& Numerical linearization parameter: uncertainty not required.
& Uncertainty is determined using the max. deviation from linear respanse applying rectangular distribution and is expressed for the square of the
field value.

Certificate No: ER3-2262_Jant3/2 Page 4 of 10
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ER3DVE- SN:2282 January 11, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uneertainty of Frequency Response of E-field: * 6.3% (k=2)

Certificate No: ER3-2282_Jan13/2 Page 5 of 10
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ER3DVE- SN:2262 January 11. 2013

Receiving Pattern (¢), 9 = 0°
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Certificate No: ER3-2262 Jan13/2 Page 6 of 10
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ER30VE- SM:2262 January 11, 2013

Receiving Pattern (¢), § = 0°

Ermor [dE]

L] - ’ »
107 MHz SO0UMHZ 1500 MHz 2500 MEz

Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)

Receiving Pattern (¢), 3 = 90°

Error [dB]

1400 T 2500 WHz

Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)

Certificate No: ER3-2262_Jan13/2 Page 7 of 10
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM

ER3DV6- SN:2262 January 11, 2013

Dynamic Range f(E-field)
(TEM cell , f= 900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
Certificate No: ER3-2262_Jan13/2 Page 8 of 10
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ER3DVE- 5M:2262 January 11, 2013

Deviation from Isotropy in Air
Error (¢, 8), f = 900 MHz

Deviation

<10 -08 -08 -04 -02 00 02 D4 OB

e 14

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

Certificate No: ER3-2262_Jan13/2 Fage Bof 10
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b

ER3DV6- SN:2262

January 11, 2013

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

Other Probe Parameters

Sensor Arrangement Rectangular
Connector Angle (%) 33
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 8 mm
Probe Tip to Sensor X Calibration Point 2.5 mm
Probe Tip to Sensor Y Calibration Point 2.5 mm
Probe Tip to Sensor Z Calibration Point 2.5mm

Certificate No: ER3-2262_Jan13/2

Page 10 of 10
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Calibration report “835 MHz HAC System validation dipole”

Calibration Lal:lnramry of I I\_J'I 4 Schwelzerlscher Kalibrierdienst
7 = \,_\-:/,/ -
Schmid & Partner M Service suisse d'étalonnage
Engineering AG E_ﬁ-;: Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland é’#ﬁ\“\“ Swiss Calibration Service
ity

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

Multilateral Agreement for the recognition of ealibration certificates

Client  Cetecom Certificate No: CDB35V3-1027 May12

|CALIBRATION CERTIFICATE

Ogject CD835V3 - SN: 1027

QA CAL-20.v6
Calibration procedure for dipoles in air

Calibration procedure(s)

Calibration date:

May 08, 2012

This calibration cenificats documents the traceability to national slandards, which realize tha physical units of messurements (S1).
Tha measuramsnts and the uncefainties with confidence probahbility are given on the following pages and are par of the cerlificate,

Al ealibrations have been conducted in tha closed laboratory facility: environment ternperature (22  3°C and humidity < 70%.

Calibration Equipment used (MATE critical far calibration)

Primary Standands 1D # Cal Date (Certificate No.) Schaduled Calibration
Powear meler EPM-442 4 GBITAB0OTO4 05-0ct=11 [No. 217-01451) Ort-12

Fower sensor HP 84814 LF537202783 05-0ct-11 { No. 217.01451) Oct-12

Probe ERZDVE SM: 2336 20-Dec-11 (Mo, ER3-2338 Decl 1) Dec-12

Probe HADWE SM: 80ES 28-Dec-11 (No. H3-8065_Decid) Dec-12

DAE4 | BNz 781 25-Apr-12 (No. DAE4-TET_Apr12) Apr-13

Sccondary Standards D+ Check Date (in house) Schodulad Check

Powsr meter Agilant 44108
Power sensor HP 8482H
Power sensor HP 84824
Metwork Analyzer HP 8753E
AF generator E44:330

Calibrated by:

Approved by;

This calibration certificate shall not be reprodused except in full witheut writlen approval of the laboratory.

SN: GR42420191
SN: 3318409450
SN; UB37285587
US37380585

MY 41000675

Hame
Claudio Leubler

Fin Bomholt

09-Cet-09 {in house check Oct-11}
09-Cct-09 (in house check Oet-11)
08-01-02 {in house chock Oct-11)
18-0ct-01 (in house check Oct-11)
03-Mov-04 (in housa chack Oot-11}

Function
Laboratory Technician

R&D Diractor

In house check: Oct-12
In house chack: Ool-12
In house check: Oct-12
In housa check: Oct-12
In housa chack: Qet-13

Signaiure

Issued: May & 2012

Certificate No: CDB35Y3-1027_May12

Paga 1af 8

Page 13 of 31




Annex D to Test report no.: 1-5831/13-28-05 CETECOM ’
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Calibration Laboratory of SN 2, §  Schweizerischer Kalibrierdienst
. RS \\_-// =
Schmid & Partner ila\é/%é C Service suisse d'étalonnage
Engineering AG BN s Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % //;\\\ & Swiss Calibration Service
RIART
Agcredited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multifateral Agreement for the recognition of calibration certificates

References

[1] ANSI-C83.19-2007
American National Standard for Methods of Measurement of Compatibility between Wireless Communications
Devices and Hearing Aids.

[2] ANSI-C63.19-2011
American National Standard, Methods of Measurement of Compatibility 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 antenna
{mounted on the table} towards its feed point between the two dipole arms. x-axis is normal to the other axes.
In coincidence with the standards [1], the measurement planes (probe sensor center) are selected to be at a
distance of 10 mm (15 mm for [2]) above the top metal edge of the dipole arms.

*  Measurement Conditions: Further details are available from the hardcopies at the end of the certificate. Al
figures stated in the certificate are valid at the frequency indicated. The forward power to the dipole connector
is set with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler. While the dipole under test is connected, the forward power is adjusted to the same level.

e Antenna Positioning: The dipole is mounted on a HAG Test Arch phantom using the matching dipole
positionet with the arms horizontal and the feeding cable coming from the floor. The measurements are
performed in a shielded room with absorbers around the setup to reduce the reflections.

Itis verified before the mounting of the dipole under the Test Arch phantom, that its arms are perfectly ina
line. It is installed on the HAC dipole positioner with its arms paraliel below the dielectric reference 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 DASY5 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 ofiset. 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 isotropic ER3D-field probe with 100 mW
forward power to the antenna feed point. In accordance with [1] and [2], the scan area is 20mm wide, its
length exceeds the dipole arm length {180 or 90mm). 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 subgrid 2 and subgrid 8) is
determined to compensate for any non-paralielity 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-
field, in the plane above the dipole surface.

e H-field 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 is 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 represents the maximum of the interpolated H-field, 10mm above the dipole surface at the
feed point.

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 to a coverage probability of approximately 95%.

Certificate No: CD835V3-1027_May12 Page20f8
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM ’

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom HAC Test Arch
Distance Dipole Top - Probe 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 condition interpolated maximum
Maximum measured 100 mW input power 0.458 A/ m = 8.2 % (k=2)
E-field 10 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input power 169.2V/m
Maximum measured above low end 100 mW input power 162,4V/m
Averaged maximum above arm 100 mW input power 165.8 V/m =12.8 % (k=2)
E-field 15 mm above dipole surface congdition Interpolated maximum
Maximum measured above high end 100 mW input power 108.4V/m
Maximum measured above low end 100 mW input power 106.0V/m

100 mW input power 107.2V/m=12.8 % (k=2)

Averaged maximum above arm

Certificate No: CD835V3-1027_May12 Page 30of 8
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Annex D to Test report no.: 1-5831/13-28-05 CETECOM ’

Appendix

Antenna Parameters

Frequency Return Loss Impedance

800 MHz 16.0 dB 41.9Q-12.3jQ
835 MHz 23.9dB £9.1Q+6.3jQ
3900 MHz 17.7 dB 584Q-114jQ
950 MHz 18.0 dB 50.0Q+12.7jQ
960 MHz 13.4dB 58.7Q+221jQ

3.2 Antenna Design and Handling

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

The dipole is built of standard semirigid coaxial cable. The internal 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 be
damaged. After excessive mechanical stress or overheating, check the impedance characteristics to ensure that the
internal matching network is not affected.

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

Certificate No: CD835V3-1027_May12 Page 4 of 8
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CETE:

Impedance Measurement Plot

CH1 =11 Loa

S de/REF 15 dB

8 May 2012 417:34:16

:-23.931 dB

|

1~

835.690 888 MH=

x
a
bt

EHZ 511 41 U Fs

Ay
159

START 335.8668 800 MH:

-

235.000 0ea MHz

STOP 1 335.008 86 MH=

CHi Markers

1:-15.974 dB
8060.608 MHz

-17. 712 dB
a8, 088 MHz
4:-17.971 4B
A50.8686 MHz

F-12.371 dB
SE0.086 MHz

CHZ Harkers

1 41.928 o
—12.3308 o
8868 M4z

358381 o
-11.44
F0@,800 MH=

o

Certificate No: CD835V3-1027 May12
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DASY4 H-field Result

Drate: 0F.05.2012

Test Laboratory: SPEAG 1.ah2

DUT: HAC-Dipole 835 MHz; Type: CD835V3; Serial: CD835V3 - SN: 1027

Communication Sysiem: CW: Frequency: #35 MHy

Medium parameters used: o =0 mho/m, .= 1; p= | kg/m'
Phantom section: RF Section

Measurement Standard; TPASY S (ILEENECYANST C63.19-2007)

DASYS2 Conlizuration:

s Probe: H3DVE - SNG0O6S5; ; Calibrated: 29.12.2011

*  Sensor-Surface: (Fix Surface)

*  Electronics: DAES 5n781; Calibrated: 25.04.2012

e Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serial: 1070
»  DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

Dipole H-Field measurement @ 835MIlz/H-Sean - 835MHz d=10mm/Hearing Aid Campatibility Test (41x361x1);
Measuremenl grid; dx=5mm, dy=Smm

Device Relerence Poing 0, 0, -6.3 mm

Reference Value = 04870 Afm; Power Drift = 0,00 dB

PME not calibrated. PMF = 1.000 is applicd.

H-field emissions = 1) 4580 A/m

Near-field calegory: M4 (AWE 0 dB)

PMF scaled H-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
0.380 A/m |0.2396 A/m |0.372 A/m
Grid 4 M4 |Grid 5 M4 |Grid 6 M4
0.440 Afm 0,458 Afm |0.429 A/m
Grid 7 M4 |Grid & M4 |Grid 9 M4
0.396 A/m |0.412 A/m |0.381 A/m

-13.16
-17.55
-21.94
0dB=0.458 A/m =-6.78 dB A/m
Certificate No: CDB3I5V3-1027 May12 Fage 6of 8
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CETECOM
s

DASY4 E-field Result

Test Laboratory: SPEAG Lah2
DUT: HAC-Dipole 835 MHy; Type: CDE35VY; Serial: CD835V3 - SN: 1027

Communication System: CW: Frequency; 835 Mllz

Medium parameters used: & = 0 mho/m, g = 1: p= 1000 kg/m®
Phantom section: KI¥ Section

Measurement Standard: DASYS (TEEE/IEC/ANS] Ca3.19-2007)

DASY 52 Configuration:

e Probe: ER30VE - SN2336; ConvF(1, 1, 1); Calibrated: 29,12.2011;

®  Sensar-Surface: (Fix Surface)

= Electronics: DAE4 5n781; Calibrated: 25.04.2012

e  Phantom: HAC Test Arch with AMCC; Type: SD HAC PO1 BA; Serjal: 1070
e DASYSZ52.8,1(838); SEMCAD X 14.6.5(6465)

Date: U.05.2012

Dipole E-Field measurement @ 835MHw/E-Sean - 835M 1z d=10mm/Hearing Aid Compatibility Test (41x361x1):

Measurement grid: dx=5Smm, dy=3mm

Device Reference Point: 0, 4, -6.3 mm

Reference Yalue = 1094 Vim; Power Drift =-0.02 dB
PME not calibrated. PMF = 1000 is applied,

E-field emissions = 169.2 V/m

Near-ficld category: M4 (AWF 0 dB)

PMF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
160.0 Vfm |162.4 V/m | 151.8 V/m
Grid 4 M4 |Grid 5 M4 |Grid 6 M4

85.66 V/m |86.34 V/m |81.10 V/m

Grid 7 M4 |Grid 8 M4 |Grid 9 M4
165.7 V/m|169.2 V/m |158.4 V/m

Certificate No: CD835V3-1027_May12 Page 7 of 8
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Dipole E-Field measurement @ 835MHz/E-Scan - 835MHz d=15mm/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Point: 0, 0, -6,3 mm

Reference Value = 109.6 V/m; Power Drift = -0.02 dB
PWR not calibrated. PMF = 1,000 §s applied.

E-field emissions = 106.0 V/m

MNear-field category: M4 (AWF 0 dB)

PMF scaled E-field

Grid 1 M4 |Grid 2 M4 |Grid 3 M4
105.2 ¥/m §106.0 \VV/m |102.6 V/m
Grid 4 M4 |Grid 5 M4 |Grid & M4
62.01V/m|62.29 V/m |60.31 V/m

-12.08

0 dB=1692 V/m=44.57 dB V/m
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Calibration report “1880 MHz HAC System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Sstvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Cliant Cetecom

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accreditation No.: SCS 108

Certificate No: CD1880V3-1021_ May12

CALIBRATION CERTIFICATE

Object

Calibration procedura(s)

Calibration dale:

Primary Standards

CD1880V3 - SN: 1021

QA CAL-20.v6

Calibration procedure for dipoles in air

May 08, 2012

Calibration Equipmant used (M&TE critical for calibrafion)

This caliration cerlificate documents the traceabllity to national standards, which realize the physical units of measurements {S1).
The messurcments and the uncertainties with confidence probakbility are given on ths following pagss and arc part of the cartificate.

Al ealibrations have been condusted in the closed laboratary facility, envirenment tempsrature (22 £ 3)°C and humidity < 70%.

10 Cal Date [Certificats Mo}

Power mator EPR-4424

GE37480704

Schneduled Calibration

15-Cot-11 (No. 217-01451)

Powar sensor HF B4814, Usa72n07a3 05-Cct-11 { Mo, 217-{14581)

Probe ER3CVE SM: 2336 29-Dec-11 (Mo, ER3-2338 Decll)
Probe H3DWVE 5N; 8065 28-Dec-11 (No. H3-8065_Decid)
DAEA SM: 7 23-Apr-12 (No. DAE4-TE1_Apri12)}
Secondary Standards I_D # Check Data (in housa)

Power matar Agilant 44198
Power sensor HF 8482H
Power sensor HP B482A
Metwork Analyzar HP 87536
HF generator E44336

Calibrated by

Approved by:

SN: GB424201M 51
SN: 3318A02450
Shl: USarenssey
US37380565

MY 41000675

Mame
Claudio Laubler

Firn Bombalt

Oct-12
Cot-12
Dac-12
Dec-12
Apr-13

Scheduled Check

08-0ct-D8 (in house check Cet-11)
09-0ct-02 (in housea chack Cok-11)
09-Oct-08 (in house chack Oct-11)
1B8-Ccl-t1 (in house check Oct-11)
©3-Nov-04 (in housa cheok Qct-11)

Funetion
Labematory Technician

R&D Diractor

This calibration carfifisale shall not be reproduced except in full withoul witten approval of the laboratory.

iAo

In house chack: Ogl-12
In house chack: Oat-12
In house cheok; Qet-12
In house chack: Ocl-12
In house check: Oct-13

Sigrature

Issusd May 9, 2012
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References

[1 ANSI-C63.19-2007
American National Standard for Methods of Measurement of Compatibility between Wireless Communications
Devices and Hearing Aids.

[2] ANS|-C63.19-2011
American National Standard, Methods of Measurement of Compatibility 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 antenna
(mounted on the table) towards its feed peint between the two dipole arms. x-axis is normal to the other axes.
In coincidence with the standards [1], the measurement planes (probe sensor center) are selected to be at a
distance of 10 mm (15 mm for [2]) above the top metal 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 indicated. The forward power to the dipole connector
is set with a calibrated power meter connected and monitored with an auxiliary power meter connected to a
directional coupler. While the dipole under test is connected, the forward power is adjusted to the same level.

* Antenna 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 measurements are
performed 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 perfectly in a
line. It is installed on the HAC dipole positioner with its arms parallel below the dielectric reference 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 io the probe is adjusted after dipole mounting with a DASY5 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.

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 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 E-field distribution: E field is measured in the x-y-plane with an isotropic ER3D-field probe with 100 mW
forward power to the antenna feed point. In accordance with [1] and [2], the scan area is 20mm wide, its
length exceeds the dipole arm length (180 or 90mm). 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 subgrid 2 and subgrid 8) is
determined to compensate for any non-parallelity to the measurement plane as well as the sensor
disptacement. The E-field value stated as calibration value represents the maximum of the interpolated 3D-E-
field, in the plane above the dipole surface.

o H-field 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 is 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 represents the maximum of the interpolated H-field, 10mm above the dipole surface at the
feed point.

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 to a coverage probability of approximately 95%.
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Measurement Conditions

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

DASY Version

DASYS

V52.8.1

Extrapolation

Advanced Extrapolation

Phantom HAC Test Arch
Distance Dipole Top - Probe 10mm
Center 15mm
Scan resolution dx, dy =5 mm

1730 MHz = 1 MHz

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

Maximum measured

100 mW input power

0.487 A/ m 8.2 % (k=2)

E-field 10 mm above dipole surface condition Interpolated maximum
Maximum measured above high end 100 mW input power 155.9V/m
Maximum measured above [ow end 100 mW input power 149.2V/m

Averaged maximum above arm

100 mW input power

152.6 V/m = 12.8 % (k=2)

E-field 15 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high end

100 mW input power

97.4V/m

Maximum measured above low end

100 mW input power

96.9V/m

Averaged maximum above arm

100 mW input power

97.2V/m = 12.8 % (k=2)

Maximum Field values at 1880 MHz

H-field 10 mm above dipole surface

condition

interpolated maximum

Maximum measured

100 mW input power

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

E-field 10 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high end

100 mW input power

139.8V/m

Maximum measured above low end

100 mW input power

139.7V/m

Averaged maximum above arm

100 mW input power

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

Maximum measured above low end

E-field 15 mrn above dipole surface condition interpolated maximum
Maximum measured above high end 100 mW input power 91.0V/m
100 mW input power 87.6V/m

Averaged maximum above arm

100 mW input power

89.3V/m = 12.8 % (k=2)

Certificate No: CD1880V3-1021_May12
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Appendix

Antenna Parameters

Nominal Frequencies

Frequency Return Loss Impedance

1730 MHz 31.3dB 528Q+0.1jQ
1880 MHz 19.8dB 479Q+9.8iQ
1900 MHz 20.9dB 50.4 Q2 +9.1jQ
1950 MHz 26.4 dB 522Q+4.4iQ
2000 MHz 20.2dB 43.8Q +6.7iQ

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 dipole is built of standard semirigid coaxial cable. The internat 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 be
damaged. After excessive mechanical stress or overheating, check the impedance characteristics to ensure that the
internal matching network is not affected.

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

Certificate No: CD1880V3-1021_May12 Page 4 of 10
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Impedance Measurement Plot
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DASYS H-field Result

Date; 08.05.2012

Test Laboratory: SPEAG Lah2
DUT: HAC Dipole 1880 MIlz; Type: CIVIBSOV3E; Serial; CD1880V3 - SN: 1021

Communication System: CW: Frequency: | 830 MHz, Freciuenc_\-': 1730 W11z
Medium parameters used: o =0 mho/m. = 1:p= | ke/m

Phantorm section: EL° Section

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

DASYSZ Conliguration:

= Probe: H3DV6 - SNE065; ; Calibrated: 29.12.2011

= Sensor-Surface: (Fix Surface)

®  Electronics: DAE4 Sn781; Calibrated: 25.04.2012

«  Phantom: HAC Test Arch with AMCC; Type: S0 HAC PO1 BA; Serial: 1070
s [DASY5Z 52,8.1(538); SEMCAD X 14.6.5(6469)

Dipole H-Field measurcment @ 1880MHe/H-Scan - 18800MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=3mm

Device Reference Poant: 0. (), -6.3 mm

Reference Value = 04850 A/m: Power Dirift = 0.02 dB

PMR not calibrated. PME = 100011 applied,

[I-field emissions = 0.459] Afm

Near-field eategory: M2 (AWF (1 dB)

PMF scaled H-field

Grid 1 M2 |Grid 2 M2 |Grid 3 m2
0.402 Afm |0.416 Afm |0.393 Afm

Grid 4 M2 fGrid 5 M2 |Grid 6 M2
0.443 Afm |0.459 Afm [0.433 A/m

Grid 7 M2 {Grid 8 M2 |Grid & M2
0.405 Afm [0.423 Afm [0.397 A/m

Certificate No: CD1880V3-1021_May12 FPage 6 of 10
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Dipole H-Field measurement @ 1880MHz/H-5can - 1730MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 0.5180 &/m; Power Drift = 0.01 dB
PMR not calibrated. PMF = 1,000 is applied.

H-field emissions = 0.4872 &/m

Near-field category: M2 (AWF 0 dB)

FMF scaled H-field

Grid 2 M2 |Grid 3 M2
0.423 A/m [0.400 Af/m
Grid 5 M2 |Grid 6 M2
0.487 A/m

5

-12.0

-15.13

0dB=0.459 A/m=-676 dB A/m
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DASY5 E-field Result

Date: 08.05.2012

Test Labaratory, SPLEAG Lah2
DUT: HAC Dipole 1880 MIlz; Type: CDIBS0Y3; Serial: CDISSOV3 - SN: 1021

Communication System: CW; Fregueney: |880 MHz, Frequency: 1730 MHzx
Medium parameters used: o= 0 mho/m, o, = [; p= 1000 kgjm"

Phantom section: RIY Section

Measurement Standard: DASYS (TERERMEC/ANST CA3,19-2007)

DASYS2 Conliguration:

®  Probe: ER3DVE - SN2336; CanvF(1, 1, 1}; Calibrated: 29.12.2011;

e Sensor-Surface: (Fix Surfaca)

= Electronics: DAEA Sn781; Calibrated: 25.04.2012

o Phantom: HAC Test Arch with AMCC; Type: 5D HAC P01 BA; Serial: 1070
*  DASYS5252.8 1(838); SEMCAD X 14.6.5(6469)

Dipole E-Field measurcment @ L1880MH»/E-5can - 1880MHz d=10mm/Hcaring Aid Compatibility Test (41xI181x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Point: (), (1, -6.3 mm

Reference Value = 137.0 ¥/m; Power Drift =-0.01 dB
PMR not calibrated. PME = 1000 is applied,

E-field emissions = 139.8 VW/m

Near-field category: M2 (AWF 0 dR)

PIVIF scaled E-field

Grid 1 M2 §Grid 2 M2 |Grid 3 M2
137.8V/m |139.8 V/m |132.2 V/m

Grid 4 M3 |Grid 5 M3 |Grid 6 M3
89.98 V/m [90.52 V/m [84.70 V/m
Grid 7 M2 |Grid 8 M2 |Grid 9 M2
135.1V/m|139.7 V/m|133.1V/m

Certificate Mo: CCHAEB0VE-1021_May12 Page 8of 10
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Dipole E-Field measurement @ 1880MHz/E-Sean - 1880MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=5mm

Device Reference Paint: 0, 0, -6.3 mm

Reference Value = 158.1 W/m; Power Drift =-0.02 dB

PMR not calibrated. PMF = 1.000 is applied.

E-field emissions = 87.57 V/m

Near-field category: M3 (AWF 0 dB)

PMF scaled E-field

— 3 A 5| | e
Grid 4 M3 |Grid 5 M3 |Grid 6 M3
69.96 V/m |70.09 V/m |67.99 V/m
Grid 7 M3 jGrid 8 M3

86.59 V/m|87.57 V/m

Grid 9 M3
85.67 \/m

Dipole E-Field measurement @ 18800MHz/E-5can - 1730MHz d=10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dy=5mm), dy=5mm

Device Reference Paint: 0, 0, -6.3 mm

Reference Value = 175.1 V/m; Power Drift = -0.01 dB

PMR not calibrated. PMF = 1.000 is applied.

E-field emissions = 149.2 V/m

Near-field category: M2 (AWF 0 dB)

PMF scaled E-field

Grid 1 M2 JGrid 2 M2 |Grid 2 M2
146.9 V/m|149.2 V/m |141.3 V/m

Grid 4 M3 |Grid 5 M3 |Grid 6 M3

101.9 V/m |102.6 V/m [95.79 ¥/m
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Dipole E-Field measurement @ 1880MHz/E-Scan - 1730MHz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=5mm, dy=5mm

Dewice Reference Paint: 0, 0, -6.2 mm

Reference Value = 174.6 V/m; Pawer Drift = 0.01 dB

PMR not calibrated. PMF = 1.000 is applied.

E-field emissions = 96.91 V/m

Near-field category: M3 (AWF 0 dB)

PMF scaled E-field

Grid 1 M3 |Grid 2 M3 |Grid 3 M3
94.51 ¥/m |96.91 V/m [95.70 V/m
Grid 4 M3 |Grid 5 M3 |Grid 6 M3
75.76 V{m |76.78 V/m |75.57 V/m

0dB=139.8 V/m =42.91dB V/m
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Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of S, Schwsizarechor Walibiicrdiarist

Schmid & Partner *\Mf’—': Service suisse d'atalonnage
Engineering AG T Servizio svizzero di taratura

Zeughaussirasse 43, 8004 Zurich, Switzerland e dﬁ&*“s‘ Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 108

Cetecom

|CALIBRATION CERTIFICATE

Client Certificate No: DAE3-477 May13

Object DAES3 - 5D 000 D03 AA - SN: 477

Calibration procedure(s)

QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Calibration date:

May 13, 2013

This calibration cerificate documents the traceability 1o national standards, which realize the physical units of measurements (S1).
The measurements and the uncartainties with cenfidence probability are given an the following pages and are part of the certificate.

All ealibrations have baen conducted in the closed laboratary facility: environment temperature {22 £ 3)°C and huemidity < T0%.

Calitration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date {Cerfificate Na.) Scheduled Calibration
keithley Multimater Tyge 2001 SM: 0810278 02-Oct-12 (Ma:12728) Oct-13
Secandary Slandards lIo# Check Date {in house} Schaduled Check

Auto DAE Calibration Unit
Calibrator Box V2.1

SE UWS 053 AA 1001
SE UMS 006 AA 1002

G7-Jan-13 (in house check)
d7-Jan-13 {in house check)

In house check: Jan-14
In house check: Jan-14

MName Funcficn Signature
Calibrated by Eric: Hainfeld Technician =
— i
Approved by: Fin Bomalt Deputy Technical Manager _ ll.-—-ﬁ' P s
v | WU

Issued: May 13, 2003

This calibration certificate shall not be reproduced excapt in full withoul wrillen approval of the labaratory,
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