APPENDIX D: SYSTEM CERTIFICATE & CALIBRATION

D1: SAM PHANTOM
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~ Certificate of conformity / Flrst‘ﬂ_\_rtl_c!e Inspection | | | CE

item SAM Twin Phantom V4.0
Type No QDOOGP40CA .~
Series No TP-1150 and higher ° 2
Manufaclurer / Origin =~ +} Untersee Composites
Do - "} Hauptstr. 69. _
CH-8558 Fruthwilen
~  { Switzerland .~

Tests .

The series production process used allows the limitation to test of first articles. T '
_-Cqs_nplete tests were made on the pre-series Type No. QD 000 P40 AA, Serial No. TP-1001 andonthe. .
. " series first article Type No. QD 000 P40 BA, Serial No, TP-1006. Certain parameters have been retested -
using further serles units {called samples}. : ' =

)

Details

TUnits tested

~ Standards

Tast ‘Requirement . T
Shape Compiiance with the geomatry {T'lS CAD File () | First article, -
| according to the CAD model. . Samples
Material thickness | Compliant with the requirements 2mm +/- 0.2mm In First article,
| according to the standards specific areas Samples
Material .| Dielectric-parameters for required 200 MHz ~ 3 GHz -Material
parameters frequencies ' ' Relative permittivity <5 | sample
- __ ‘ Loss tangent < 0.05. TP 104-5
Material resistivity | The material has been tested to be Liquid type HSL 1800 . | Pre-series,
: compatible with the liquids defined in | and others according to . | First article
the standards L the standard. '

-

(2]

(3]
("

CENELEC EN 50361
IEEE P1528-200x draft 6.5
{EG PT 62209 draft 0.9

il'r}\e IT'IS CAD file Is derlved from [2] anc’i Is also within the tolerance requirements df the shapes of .
1} and (3], L S ' ‘

Conformity o ‘

Based on the sample tests above, we certify that this item fs In compliance with the uncertainty
requirements of SAR measurements spegified in standard [1] and draft standards [2] and {3}.

Date

. Signature / Stamp

28.02.2002

Schmid & Ear'tner
Engineering AG

Zaughausstrasse 43, CH.2004 Zurl
Tel. fi; 1 245 97 00, Fax +411 33 977
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Calibration Laboratory of
Schmid & Partner
Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland
Itunes.Ink

Schweizerischer Kalibrierdienst
Service suisse d'é¢talonnage
Servizio svizzero di taratura
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 certificates

cient ~ BV-ADT (Auden) Certificate No: CD835V3-1041_Apr10

[CALIBRATION CERTIFICATE |

CD835V3 - SN: 1041

Object

QA CAL-20.v5
Calibration procedure for dipoles in air

Calibration procedura(s)

Calibration date:

April 26, 2010

Calibration Equipment used (M&TE critical for calibration)

This calibration cerificate documents the traceability 1o national standards, which realize the physical units of measurements (S}
All calibrations have been conducted in the closed laboratory facility: environment temparature (22 = 3)°C and humidity < 70%.

Primary Standards I # Cal Date (Cerificate No.) Scheduled Calibration
Power meter EPM-4424 GBIT4B0704 06-Cct-09 (No. 217-01086) Oct-10

Power sensor HP 8481A Us37292783 0E-Cct-09 (MNo. 217-01086) Cet-10

Probe ER3DVE 5N: 2336 30-Dec-09 (No. ER3-2336_Dec0d) Dec-10

Probe H3DVE SN; 6065 30-Dec-09 (Mo, H3-6065_Dec0d) Dec-10

DAE4 SN: 781 22-Jan-10 (Mo, DAE4-781_Jan10} Jan-11

Secondary Standards ID# Check Date (in house) Scheduled Chack

Power meter Agilent 44198
Power sensor HP 8482H
Power sensor HP 84824

SN: GB42420191
SN: 3318A09450
SN: US37295597

09-0ct-09 (in house check Oct-09)
09-0ct-08 (in house check Oot-08)
09-0Oct-08 {in house check Cct-08)

In house check: Oct-10
In house check; Oct-10
In house check: Oct-10

Metwork Analyzer HP 8753E LIS37380585 18-0¢t-01 (in house check Oct-09) In house check: Oct-10

AF generator E44338 MY 41000675 03-Mov-04 (in house check Oct-09) In house check: Oct-11
MName Function Sifhature

Calibrated by: Claudio Leublar Laboratory Technician \/\

Approved by: Fin Bomhaolt

Technical Director 7@;&%

This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

Issued: April 27, 2010

Cerificate No: CDB35V3-1041_Apri0
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References

[1] ANSI-C63.19-2008
American Nationa! Standard for Methods of Measurement of Compatibility between Wireless
Communications Devices and Hearing Aids.

(2] ANSI-C83.19-2007
American Naticnal Standard for 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 cther
axes. In coincidence with the standards [1, 2], the measuremeant planes {probe sensor center) are
selected to be at & distance of 10 mm above the top edge of the dipole arms.

»  Measurement Conditions: Further details are availabie 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 & shielded room with abscrbers 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 tine, 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 1o the probe is adjusted after dipole mounting
with & DASYS 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,

¢ feed Point impedance and Return Loss: These parameters are measured using a MP 8753E Vector
Network Analyzer. The impedance is specified at the SMA connector of the dipcle. 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, 2], the scan area is 20mm wide, its
length exceeds the dipole arm length {180 or 90mm). The sensor center is 10 mm (in z) above the top
of the dipole arms. Two 3D maxima are available near the end of the dipole arms. Assuming the dipoie
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 pitane as well as the sensor
displacement. The E-field value stated as calibration value represents the maximum of the interpolated
3D-E-field, 10mm above the dipole surface.

s 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
dipote surface at the feed point.
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1 Measurement Conditions

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

DASY Version DASY5 V5.2 Bi62

DASY PP Version SEMCAD X V14.0 B59
Phantom HAC Test Arch SD HAC P01 BA, #1070
gjas':f:rce Dipole Top - Probe 10 mm

Scan resolution dx, dy=5mm area = 20 x 180 mm

Frequency 835 MHz + 1 MHz
Forward power at dipole 50.0 dBm = 100mW
connector
Input power drift < 0.05dB
2 Maximum Field values
H-field 10 mm above dipole surface condition interpolated maximum

Maximum measured

100 mW forward power

0.454 A/m

Uncertainty for H-field measurement: 8.2% (k=2)

E-field 10 mm above dipole surface cendition Interpeolated maximum
Maximum measured above high end- 100 mW forward power 165.9 Vim
Maximum measured above low end 100 mW forward power 164.9 V/im
Averaged maximum above arm 100 mW forward power 165.4 Vim

Uncertainty for E-field measurement: 12.8% (k=2)

3 Appendix

3.1 Antenna Parameters

Frequency Return Loss Impedance

800 MHz 16.5 dB (43.4-j12.4) COhm
835 MHz 27.1dB {51.3 +j4.3) Ohm
900 MHz 16.6 dB (57.0-j14.3) Ohm
950 MHz 25.2 dB {49.6 + j5.5) Ohm
960 MHz 16.6 dB (55.7 +114.6 ) Ohm

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a built-in two stub maiching network, which leads {o the

enhanced bandwidth.

The dipole is built of standard semirigid coaxial cabte. 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: CD835V3-1041_Apr10
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3.3 Measurement Sheets

3.3.1 Return Loss and Smith Chart

26 fpr 2010 17156120

CH1 S11 LOG 5 dB/ REF -13 dB 21=-27.864 dB 835.000 0008 HH=z
*
——--_x‘\_\ /.«'— =~ CHL Harkers
\ /' 1:-16,545 dB
Cor 200.008 MHz
\ .I" 3#-16.633 dB
& m 990.888 MHz
= ] - 4i=25.2687 dB
- 950,008 MHz
8
186 S:-1£.649 dB
950.888 MHz
T

CHZ] 511 i1 UFs 235.900 282 MHz
Del CHZ Markers
1 43,492 &
Cor -12.371 0
202.998 MHz
3 &
75:387
9802.888 MHz
4t f1
Egg g—%éﬁ £
F52.808 MHz
5 1]
" 13.617 &
368.888 MHz

START 335,000 600 MHz STOP 1 335.898 808 MHz
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3.3.2 DASY4 H-field Result

Test Laboratory: SPEAG Lab2

HAC RF_CD835_1041_H_100426_CL
DUT: HAC-Dipole 835 MHz; Type: CD835V3; Serial: 1041
Communication System: CW; Communication System Band: CD835 (835.0 MHz); Frequency: 835 MHz;

Communication System PAR: 0 dB

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

Phantom section: RF Section

Measurement Standard: DASYS (IEEE/TEC/ANS] C63,19-2007)

DASY S Configuration:

Sensor-Surface: (Fix Surface)

Probe: HADVG6 - SN60635; ; Calibrated: 30.12.2009

Electronics: DAEY Sn781; Calibrated: 22.01.2010
Phantom: HAC Test Arch with AMCC; Type: 5D HAC POI BA; Serial: 1070
Measurement SW: DASYS, V5.2 Build 162: SEMCAD X Version 14.0 Build 59

Date/Time: 26.04.2010 11:09:03

Dipole H-Field measurement @ 835MHz/H Scan - measurement distance from the probe sensor center to CD835
Dipole = 10mm/Hearing Aid Compatibility Test (41x361x1):

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

Maximum value of peak Total field = 0.454 A/m

Probe Modulation Factor = |
Device Reference Point: 0, (0, -6.3 mm

Reference Value = 0.485 Afm; Power Drift =-0.033 dB
Hearing Aid Near-Field Category: M4 (AWF 0 dB)

i

an

i

Peak H-field in Afm

Grid | Grid 2 Grid 3
0.383 0.401 0.376
M4 M4 M4
Girid 4 Grid 5 Grid 6
0.438 0454  (0.424
M4 M4 M4
Grid 7 Grid 8 Grid 9
0.390 0.400 0.366
M4 M4 M4

0dB =0.454A/m

Certificate No: CD835V3-1041_Apr10
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3.3.3 DASY4 E-field Result

Date/Time: 26.04.2010 15:50:59

Test Laboratory: SPEAG Lab2

HAC RF_CD835_1041_E_100426_CL
DUT: HAC-Dipole 835 MHz; Type: CD835V3; Serial: 1041
Communication System: CW: Communication System Band: CD835 (835.0 MHz): Frequency: 835 MHz;
Communication System PAR: 0 dB
Medium parameters used: o = 0 mho/m, &, = 1; p = 1000 kg/m’
Phantom section: RF Section
Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2007)
DASYS Confliguration:
e Probe: ER3DV6 - SN2336; ConvE(l, 1, 1); Calibrated: 30.12.2009
Sensor-Surface: (Fix Surface)
Electronics: DAE4 Sn781; Calibrated: 22.01.2010
Phantom: HAC Test Arch with AMCC; Type: SD HAC PD1 BA; Serial: 1070
Measurement SW: DASYS, V5.2 Build 162: SEMCAD X Version 14.0 Build 59

* 8 8 ®

Dipole E-Field measurement @ 835MH#/E Scan - measurement distance from the probe sensor center to CD835
Dipole = 10mm/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=3mm

Maximum value of peak Total field = 165.9 Vim

Probe Modulation Factor = 1

Device Reference Point: 0, 0, -6.3 mm

Reference Value = 112.9 V/m; Power Drift = -0.00762 dB

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

T.A8

A%

rai

LF ]

Peak E-ficld in ¥V/m

Grid | Giridl 2 Grid 3
1573 1649  |163.7
M4 M4 M4
Grid 4 Grid 5 Grid 6
815  [852  [83.38
M4 M4 M4
Grid 7 Grid 8 Girid 9
1597 1659  |159.1
M4 M4 M4

0dB = [65.9¥/m

Centificate No: CDB35V3-1041_Apr10
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ADT (Auden) Certificate No: D835V2-4d021_Apr10

|CALIBRATION CERTIFICATE

D835V2 - SN: 4d021

Client

Object

QA CAL-05.v7
Calibration procedure for dipole validation kits

Calibration procedure(s)

Calibration date;

April 29, 2010

Calibration Equipment used (M&TE critical for calibration)

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

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

This calibration cenificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards 10 # Cal Date (Cerlificate Mo.) Scheduted Calibration

Power mater EPM-4424 GBI7480704 06-0ct-08 (Mo, 217-01088) Qect-10

Power sensor HP 84814 LS37282783 06-0ct-09 (Mo, 217-01088) Oet-10

Reference 20 dB Attenuator SM: 5086 (20g) 30-Mar-10 (Mo. 217-01158) Mar-11

Type-N mismatch combination SM: 5047.2 / 06327 30-Mar-10 (Mo, 217-01162) Mar-11

Reference Probe ES3DV3 SM: 3205 26-Jun-09 (No. ES3-3205_Jun0g) Jun-10

DAE4 SM: 601 02-Mar-10 (Mo. DAE4-601_Mar10) Mar-11

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

Power sensor HP B4814, MY41082317 18-0ct-02 (in house check Oct-08) In house check: Oct-11

RF generator R&S SMT-06 100005 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Matwork Analyzer HP B753E US37390585 54206 18-0ct-01 (in house check Oct-09) In house check: Oct-10
MName Function ignature

Calibrated by: Dimce lliev Laboratary Techniclan d/j ?va

Approved by: Katja Pokovic Technical Manager

Issued: April 29, 2010

Cerificate No: D835V2-4d021_Apri0
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
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 certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, “lIEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additionai Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

e  SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.

Certificate No: D835V2-4d021_ApriC Page 2 of 8



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

DASY Version DASY5 V5.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m

Measured Head TSL parameters (22.0 £ 0.2) °C 41.8+6% 0.89 mho/m x 6 %

Head TSL temperature during test (22.0 £ 0.2) °C s
SAR result with Head TSL.

SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured 250 mW input power 237mW/g

SAR normalized normalized to 1W 948 mW /g

SAR for nominai Head TSL parameters

nermalized to W

9.58 MW /g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.55 mW / g
SAR normalized normalized io 1W 620mW /g

SAR for nominal Head TSL parameters

normalized o 1W

6.24 mW /g + 16.5 % (k=2)

Certificate No: D835V2-4d021_Apri0
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0£0.2)°C 54.9+6% 0.99 mho/m =6 %
Body TSL temperature during test (22.0+£0.2)°C

SAR result with Body TSL.
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.52mW /g
SAR normalized normalized to 1W 10.1 mwW /g

SAR for nominal Body TSL parameters

normalized to 1W

9.91 MW / g £17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL cendition
SAR measured 250 mW input power 165 mW /g
SAR normalized normalized to 1W 6.60mW /g

SAR for nominal Body TSL parameters

normalized to 1W

6.52 MW / g = 16.5 % (k=2)

Certificate No: DB35V2-4d021_Apr10
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 51.50-25j0
Return Loss -31.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.1 Q-390
Return Loss -27.1dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.392 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on April 22, 2004

Certificate No: D835V2-4d021_Apri10 Page 5 of 8



DASYS5 Validation Report for Head TSL

Date/Time: 21.04.2010 10:38:05
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d021

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 1:1
Medium: HSL900

Medium parameters used: f = 835 MHz; ¢ = 0.89 mho/m; &, = 41.8; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 26.06.2009
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
¢ Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001
« Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.3 V/m; Power Drift = 0.018 dB

Peak SAR (extrapolated) = 3.55 W/kg

SAR(I g) = 2.37 mW/g; SAR(10 g) = 1.55 mW/g

Maximum value of SAR (measured) = 2.77 mW/g

0dB =2.7TmW/g

Cerlificate No: DB35V2-4d021_Apr10 Page 6 of 8



Impedance Measurement Plot for Head TSL

21 Apr 2018 B3:10:82

EHL s11 1 U FS 11544530 -245310 77.699 pF 225000 000 MHz

Cor

v
155

CH2

1-31.022 dB  £35.000 884 MHz

i R

START E35.000 880 MHz

STOP 1 108,008 088 MHz
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DASYS5 Validation Report for Body

Date/Time: 29.04.2010 13:27:42
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d021

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 1:1

Medium: MSL900

Medium parameters used: = 835 MHz; 6 = 0.99 mho/m; & = 54.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY S Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5.97, 5.97, 5.97); Calibrated: 26.06.2009
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 02.03.2010
o Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
e Measurement SW: DASYS5, V5.2 Build 162; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Mcasurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56.1 V/m; Power Drift = 0.030 dB

Peak SAR (extrapolated) = 3,73 W/kg

SAR(I g) = 2.52 mW/g; SAR(10 g) = 1.65 mW/g

Maximum value of SAR (measured) = 2.93 mW/g

0dB =293mW/g

Certificate No; D835Va-4d021_Apr10 Page 8ol 8



Impedance Measurement Plot for Body TSL

29 Apr 2010 16:04:42

ERD =11 1UFs 13 48.187 & -3.9823 4 48.844 pF 835,000 80O MHz
(”F-‘J_'_*“‘*-.
Aed CH1 Harkers
e 23 5B8.358 0
32,508 &

Cor 990,000 MHz

Avg

i6

t

CHz s11 5 S dB/REF ~20 B 15-27,109 dB 835,090 008 MHz _
"_"—-—_..,______. 1 —

S CHZ Harkers
- Tﬂ_ 2:-18.552 dB
Cor \ S@0.800 MHz

fiw
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'éalonnage
Servizio svizzero di taratura
Swiss Calibration Service

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

client ~ BV-ADT (Auden)

|CALIBRATION CERTIFICATE l

Dbject CD1880V3 - SN: 1032

Accreditation No.: SCS 108

Certificate No: CD1880V3-1032_May10

Calibration procedure(s) QA CAL-20.v5

Calibration date:

Calibration procedure for dipoles in air

May 17, 2010

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measuraments (Sl).
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Primary Standards D# _Cal Date {Certificate No.) Scheduled Calibration

Power meter EPM-4424 GBarv480704 06-0ct-09 (No. 217-01086) Oct-10

Power sensor HP 8481A US37202783 06-00t-08 (Mo, 217-01086) Oct-10

Probe ER3DVE SN: 2336 30-Dec-09 (No. ER3-2336_Dec09) Dec-10

Probe H3DVE SM: 6065 30-Dec-09 (Mo, H3-8065_DecD9) Dec-10

DAE4 SN: 781 22-Jan-10 (No. DAE4-781_Jan10) Jan-11

Secondary Standards 1D # Check Date {in house) Scheduled Check

Power meter Agilent 44198 SN: GB42420191 08-0ct-08 {in house check Oct-09) In house check: Oct-10

Power sensor HP 8482H SN: 3318A08450 08-0ct-08 (in house check Oct-09) In house check: Oct-10

Power sensor HP 84824 BN: US37295597 09-Oct-08 {in house check Oct-08) In house check: Oct-10

Metwork Analyzer HP B753E LIS37390585 18-0ct-01 (in house check Oct-03) In house check: Oct-10

RF generator E4433B8 MY 41000675 03-Mov-04 (in house check Oct-09) In house check: Oct-11
Mame Function Sigfiatyre

Calibrated by: Claudio Leubler Laboratary Technician

Approved by; Fin Bomholt

Technical Director W S
ol AN A

This calibration certificate shall nol be reproduced except in full without written appraval of the labaratory.

Issued: May 19, 2010

Certificate No: CD1880V3-1032_May10
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References

{1

ANSI-C83.19-2007
American National Standard for 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 dipoie 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 above the top edge of the dipole arms.

Measurement Conditions: Further detalls 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 fo 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 1o 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 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 sefected by choosing the matching section of
the MAC 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.

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

E- field distribution: E field is measured in the x-y-plane with an isctropic ER3D-field probe with 100 mW
forward power to the antenna feed point. In accordance with [1], the scan area is 20mm wide, its length
exceeds the dipcle arm length (18C or 90mm). The sensor center is 10 mm (in z} above the top of the
dipole arms. Two 3D maxima are available near the end of the dipole arms. 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-paratielity 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, 10mm
above the dipole surface.

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 equivatent 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.

Certificate No: CD1880V3-1032_May10 Page2o0f 6



1. Measurement Conditions

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

DASY Version DASY5 V5.2 B162

DASY PP Version SEMCAD X Vi4.0 B59
Phantom HAC Test Arch SD HAC P01 BA, #1070
Distance Dipole Top - Probe Center 10 mm

Scan resolution dx, dy =5 mm area = 20 x 90 mm

Frequency

1880 MHz + 1 MHz

Forward power at dipole connector

20.0 dBm = 100mW

Input power drift < 0.05dB
2. Maximum Field values
H-field 10 mm above dipole surface condition Interpolated maximum

Maximum measured

100 mW forward power

0.468 A/m

Uncertainty for H-field measurement: 8.2% (k=2)

E-field 10 mm above dipole surface condition Interpolated maximum
Maximum meastired above high end 100 mW forward power 141.9 V/m
Maximum measured above low end 100 mw forward power 141.0 Vim
Averaged maximum above arm 100 mW forward power 141.5 V/m
Uncertainty for E-field measurement: 12.8% (k=2)

3. Appendix

3.1 Antenna Parameters
Frequency Return Loss impedance
1710 MHz 20.4 dB {560.3 +(9.7)0hm
1880 MHz 20.5dB (51.1 +i{9.5) Ohm
1900 MHz 20.7 dB (53.6 +8.9) Ohm
1950 MHz 28.7 dB (53.8 +j0.7) Ohm
2000 MHz 21.9dB (43.3+]3.4) Ohm

3.2 Antenna Design and Handling

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

The dipole is built of standard semirigid coaxial cakle. The infernal maiching line is open ended. The antenna is
therefore open for DC signals,

Do not apply force to dipole arms, as they are iable to bend. The soldered connections near the feedpoint may
be damaged. After excessive mechanical stress or overhealing, 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; CD1880V3-1032_May10 Page 30of 6



3.3 Measurement Sheets

3.3.1 Return Loss and Smith Chart

18 May 2018 17:52:15
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3.3.2 DASY4 H-Field Result

Test Laboratory: SPEAG Lab2

HAC_RF_CD1880_H_1032_100517_CL
DUT: HAC Dipole 1880 MHz; Type: CD1880V 3; Serial: 1032
Communication System: CW; Communication System Band: CD1880 (1880,0 MHz); Frequency: 1880 MHz;

Communication System PAR: 0 dB

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

Phantom section: RF Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2007)

DASYS Configuration;

Sensor-Surface: (Fix Surface)

" 8 & &8 ®

Probe: H3IDV6 - SN6065; : Calibrated: 30.12.2009

Electronics: DAE4 Sn781; Calibrated: 22.01.2010
Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA; Serial: 1070
Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 59

Date/Time:; 17.05.2010 12:32:22

Dipole H-Field measurement @ 1880MHz/H Scan - measurement distance from the probe sensor center to CD1880
Dipole = limm/Hearing Aid Compatibility Test (41x181x1):

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

Maximum value of peak Total field = 0.468 A/m

Probe Modulation Factor= |
Device Reference Point: 0, 0, -6.3 mm

Reference Value = 0,496 A/m; Power Drift = 0.000633 dB

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

Peak H-field in A/m

Grid | Grid 2 Grid 3
0.404 0.420 0.399
M2 M2 M2
Grid 4 Grid 5 Grid 6
0.450 0.468 0.443
Grid 7 Grid 8 Grid 9
0.415 0.435 0.407
M2 M2 M2

0 dB = (L468A/m

Certificate Mo: CD1880Y3-1032_May10
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3.3.3 DASY4 E-Field Result

Test Laboratory: SPEAG Lah2

HAC_RF_CD1880_E_1032_100517_CL
DUT: HAC Dipole 1880 MHz; Type: CDI880V3; Serial: 1032
Communication System: CW; Communication System Band: CDI1880 (1880.0 MHz); Frequency: 1880 MHz:
Communication System PAR: 0 dB
Medium parameters used: 6 = 0 mho/m, g, = 1; p= 1000 kg/m’
Phantom section: RF Section
Measurement Standard: DASY 5 (IEEENEC/ANSI C63.19-2007)
DASYS Configuration:
Probe: ER3DV6 - SN2336; ConvF(l, 1, 1); Calibrated: 30.12.2009

L]
L]
-
L]

Sensor-Surface: (Fix Surface)

Electronics: DAE4 Sn781; Calibrated: 22.01.2010

Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA; Serial: 1070
Measurement SW: DASYS, V5.2 Build 162; SEMCAD X Version 14.0 Build 59

Date/Time: 17.05.2010 14:23:58

Dipole E-Field measurement @ 1880MH2/E Scan - measurement distance from the probe sensor center to CD1880
Dipole = 10mm/Hearing Aid Compatibility Test (41x181x1):
Measurement grid: dx=53mm, dy=5mm
Maximum value of peak Total field = 141.9 Vim
Probe Modulation Factor = |

Device Reference Point: 0, 0, -6.3 mm
Reference Value = 160.7 V/m; Power Drift =-0.0039] JdB

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

B2

04

Peak E-field in ¥/m

Grid | Grid 2 Grid 3
137.9 141.9 138.1
M2 M2 M2
Grid 4 Grid 5 Grid 6
95 97.1 92.8
M3 M3 M3
Grid 7 Grid 8 Grid 9
135.9 141.0 135.5
M2 M2 M2

0dB = 141.9¥/m

Certificate No: CD1880V3-1032_May10
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Certificate No: D1900V2-5d036_Feb10

Object

Calibration procedure(s)

Calibration date:

D1900V2 - SN: 5d036

QA CAL-05.v7

Calibration procedure for dipole validation kits

February 23, 2010

Calibration Equipment used (M&TE critical for calibration)

CALIBRATION CERTIFICATE I

This calibration certificate documents the traceabilily lo national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the fallowing pages and are part of the certificate.

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

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Certificate Mo.) Scheduled Calibration
Power meter EPM-4424 GB3T480704 06-Oct-08 (Mo, 217-01088) Oct-10

Power sensor HP 84814 US37292783 06-Oct-09 (No. 217-01086) Qct-10

Reference 20 dB8 Attenuator SN: 5086 (20g) 31-Mar-08 (No. 217-01025) Mar-10

Type-MN mismatch combination SMN: 50472 7 06327 31-Mar-09 (No. 217-01029) Mar-10

Reference Probe ES3DV3 SN: 3205 26-Jun-08 (Mo. ES3-3205_Jun0g) Jun-10

DAE4 SMN: 601 07-Mar-09 (No. DAE4-601_Mar(9) Mar-10
 Secondary Standards 1D # Check Date {in house) Scheduled Check
Power sensor HP 84814 MY41092317 18-0¢t-02 (in house check Oct-08) In house check: Oct-11
RF generator R&S SMT-06 100:005 4-Aug-99 (in house check Oct-09) In house check: Oct-11
MNetwork Analyzer HP 8753E US37390585 54206 18-0¢t-01 (in house check Oct-09) In house check: Oct-10

Mame Function Signature  _

Calibrated by: Jeton Kastrati Laboratory Technician e A
Approved by: Katja Pokovic Technical Manager

Issued: February 24, 2010

Certificate MNo: D1900V2-5d036 Feb10
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Calibration Laboratory of X,

5 Q_\-_// 2 S Schweizerischer Kalibrierdienst
Schmid & Partner ; I c Service suisse d'étalonnage
Engineering AG ;;7:::{\_1 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland "14,/?1\\\>\‘ S Swiss Calibration Service
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simutating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized. SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificate No: D1900V2-5¢036_Feb10 Page 2 of 8



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

DASY Version DASYS V5.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz

Head TSL parameters
The following parameters and calcutations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSE parameters (22.0+02)°C 38.1£6% 1.42 mho/m + 6 %
Head TSL temperature during test (21.6+02)°C - e

SAR result with Head TSL.
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.0 mW / g
SAR normalized normalized to 1W 400 mW /g

SAR for nominal Head TSL parameters

normalized to TW

39.5 mW /g + 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 521 mW /g
SAR normalized normalized to 1W 208 mW /g

SAR for nominal Head TSL parameters

normalized to 1W

20.7 mW /g £ 16.5 % (k=2)

Certificate Na: [X1900v2-5d036_Feb10
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Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSl parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 525+8 % 1.56 mho/m 6 %
Body TSL temperature during test (21.61£0.2)°C -—-- .-

SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 250 mW input power 103 mW /g
SAR normalized normalized to 1W 412mW /g

SAR for nominal Body TSL parameters

normalized to tW

40.5 MW / g + 17.0 % (k=2)

SAR averaged over 10 ¢cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 542mW /g
SAR normalized normalized to 1W 21.7mW /g

SAR for nominal Body TSL parameters

normalized to 1W

21.5mW /g * 16.5 % (k=2)

Certificate No: D1900V2-5d036_Feb10
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Appendix

Antenna Parameters with Head TSL

impedance, transformed to feed paoint 260 +48j0
Return Loss -2554dB

Antenna Parameters with Body TSL.

impedance, transformed to feed point 4630 +6.5jQ
Return Loss -22.24dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.196 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 08, 2003

Certificate No: D1900V2-5d036_Feb10 Page 5 of 9



DASY5 Validation Report for Head TSL

Date/Time: 23.02.2010 13:03:57
Test Laboratory: SPEAG. Zurich. Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d036

Communication System: CW; Frequency: 1900 MHz: Duty Cycle: 1:1

Medium: HSL U11 BB

Medium parameters used: f= 1900 MHz; 6 = 1.42 mho/m: &, = 39.2: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS5 Configuration:
®  Probe: ES3DV3 - SN3205: ConvF(5.09, 5,09, 5.00); Calibrated: 26.06.2009
s Sensor-Surface: 3mm (Mechanical Surface Detection)
®  Electronics: DAE4 Sn601; Calibrated: 07.03.2009
®  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

*  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=53mm, dy=5Smm, dz=Smm

Reference Value = 97.5 V/m; Power Drift = 0.035 dB

Peak SAR (extrapolated) = 18.4 W/kg

SAR(1 g) =10 mW/g; SAR(10 g) =5.21 mW/g

Maximum value of SAR (measured) = 12.6 mW/g

dB
1}

-20

0 dB = 12.6mW/g

Centificate No: D1900V2-5d036_Feb10 Page 6 of 9



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Date/Time: 16.02.2010 12:44:13
Test Laboratory: SPEAG. Zurich. Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d036

Communication System: CW: Frequency: 1900 MHz: Duty Cycle: 1:1

Medium: MSL U10 BB

Medium parameters used: f = 1900 MHz; 6 = 1.56 mho/m; & = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)

DASY'5 Configuration;
& Probe: ES3DV3 - SN3205; ConvF(4.59, 4.59, 4,59); Calibrated: 26.06.2000
= Sensor-Surface: 3mm (Mechanical Surface Detection)
®  Electronics: DAE4 Sn601; Calibrated: 07.03.2009
*  Phantom: Flat Phantom 5.0 (back); Type: QDO00PS0AA; Serial: 1002

*  Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5Smm, dy=5mm, dz=5mm

Reference Value = 97.4 V/m: Power Drift = 0.00629 dB

Peak SAR (extrapolated) = 17.6 W/kg

SAR(1 g) = 10.3 mW/g; SAR(10 g) = 5.42 mW/g

Maximum value of SAR (measured) = 13.1 mW/g

dB
o

-20

0dB = 13.ImW/g
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Impedance Measurement Plot for Body TSL
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Client BV-ADT (Auden) Certificate No: D2450V2-737_Feb10

|CALIBRATION CERTIFICATE

Object D2450V2 - SN: 737

QA CAL-05.vT
Calibration procedure for dipole validation kits

Calibration procedure(s)

Calibration date: February 19, 2010

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

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

Calibration Equipment used (MATE critical for calibration)

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

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

Poweer mater EPM-4424 GB37480704 06-0ct-08 (Mo, 217-01086) Oct-10

Power sensor HP 84814, US37292783 06-0ct-08 (No. 217-01086) Oct-10

Reference 20 dB Attenuator SN; 5086 (204q) 31-Mar-09 (No. 217-01025) Mar-10

Type-N mismatch combination SN: 5047.2 [ 08327 31-Mar-00 (Mo, 217-01029) Mar-10

Reference Probe ES30V3 SN: 3205 26-Jun-09 (No. ES3-3205_Jun0g) Jun-10

DAE4 SN: 601 07-Mar-09 (No. DAE4-601_Mar08) Mar-10

Secondary Standards 1D # Check Date (in house) Scheduled Check

Power sensor HP B4814 MY41092317 18-0¢t-02 (in housa check Oct-089) In house check: Oct-11

RF generator R&S SMT-06 100005 4-Aug-99 (in house check Ocl-09) In house check: Ocl-11

Metwork Analyzer HP 8753E US373905385 54206 18-0ct-01 {in house check Oct-09) In house check: Oct-10
Mame Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician : {f C;"

=" ,
Approved by Katja Pokovic Technical Manager

lssued: February 22, 2010

Certificate No: D2450V2-737_Feb10
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Calibration Laboratory of S,

o \:-'J{/ 3 S Schweizerischer Kalibrierdienst
Schmid & Partner i ““H”::ﬂ/ = C Service suisse d'étalonnage
Engineering AG z //»:::g[\gi-;" Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 2/,{/7;\ :\;\3“ S Sswiss Calibration Service
ol
Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR} in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) 1EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o  Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the certificate are valid at the frequency indicated.

o  Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

s Feed Point Impedance and Return Loss:! These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return L.oss ensures low
reflected power. No uncertainty required.

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

o  SAR measured: SAR measured at the stated antenna input power.

o SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

+ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the

nominal SAR result.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V5.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

2450 MHz + 1 MHz

Frequency

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)°C 385+86% 1.76 mho/m £ 6 %
Head TSL temperature during test (21.0£0.2)°C .

SAR result with Head TSL
SAR averaged over 1 cm® (1 g} of Head TSL Condition
SAR measured 250 mW input power 13.5mW/g
SAR normalized normalized to 1W 540 mW /g

SAR for nominal Head TSL parameters normalized to 1W 54.3 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.30 mW /g
SAR normalized normalized to 1W 252mW /g

SAR for nominal Head TSL parameters

normalized to 1W

25.2 mW /g * 16.5 % (k=2)

Certificate No: D2450V2-737_Feb10
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Body TSL parameters

The following parameters and calculations were appled,

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 2.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 517+6% 200 mho/m +6 %
Body TSL temperature during test {(21.2+0.2)°C e -

SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 250 mW input power 13.1mW /g
SAR normalized normalized to 1W bz4mW /g

SAR for nominal Body TSL parameters

normalized to 1TW

51.5 mW /g *+17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Body TSL condition
SAR measured 250 mW input power 598 mW /g
SAR normalized normalized to 1W 239mW /g

SAR for nominal Body TSL parameters

normalized to 1W

23.7mW /gt 16.5 % (k=2)

Certificate No: D2450V2-737_Feb10
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Appendix

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 5400+ 4.0i0

Return Loss - 254 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 489 Q+58i0

Return Loss -24.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.162 ns

After fong term use with 100W radiated power, only a slight warming of the dipole near the feedpeint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm: of the dipole. The antenna is therefore short-circuited for DC-signails.

No excessive force must be applied to the dipcle arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on August 26, 2003
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DASY5 Validation Report for Head TSL

Date/Time: 17.02.2010 13:34:22
Test Laboratory: SPEAG. Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:737

Communication System: CW: Frequency: 2450 MHz: Duty Cycle: 1:1

Medium: HSL U11 BB

Medium parameters used: f= 2450 MHz; 6 = 1.77 mho/m; & = 38.7: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.53, 4,53, 4.53); Calibrated: 26.06.2009
e Sensor-Surface: 3mm (Mechanical Surface Detection)
e  Electronics: DAE4 Sn601; Calibrated: 07.03.2009
& Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial; 1001

¢ Measurement SW: DASYS, V5.2 Build 157, SEMCAD X Version 14.0 Build 57

Head/d=10mm, Pin=250 mW, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 102.8 V/m; Power Drift = 0.031 dB

Peak SAR (extrapolated) = 27.5 W/kg

SAR(1 g) = 13.5 mW/g; SAR(10 g) = 6.3 mW/g

Maximum value of SAR (measured) = 17.5 mW/g

-13.2

-17.6

0dB = 17.5mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body

Date/Time: 19.02.2010 13:22:20
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:737

Communication System: CW: Frequency: 2450 MHz: Duty Cycle: 1:1

Medium: MSL U10 BB

Medium parameters used: f = 2450 MHz: ¢ = 2.01 mho/m; & = 51.8: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.31, 4.31, 4.31); Calibrated: 26.06.2009
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 07.03.2009
*  Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA: Serial: 1002

¢ Measurement SW: DASYS, V5.2 Build 157; SEMCAD X Version 14.0 Build 57

Body/d=10mm, Pin250 mW, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 95.3 V/m: Power Drift = 0.014 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 13.1 mW/g; SAR(10 g) = 5.98 mW/g

Maximum value of SAR (measured) = 17.3 mW/g

-2h

0dB = 17.3mW/g
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of Sy

. q\\\*_////,;’ Schweizerischer Kalibrierdienst
Schmid & Partner 5|; rl/l = Service suisse d'étalonnage
Engineering AG ;j ? Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

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

Multilateral Agreement for the recognition of calibration certificates

B.V. ADT (Auden) Certificate No: ER3-2293_Jan11

Client

CALIBRATION CERTIFICATE

Object ER3DV6 - SN:2293

Calibration procedure(s)

QA CAL-02.v6, QA CAL-25.v3
Calibration procedure for E-field probes optimized for close near field
evaluations in air

Calibration date:

January 24, 2011

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the fellowing pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Calibrated by: Katja Pokovic

Approved by Fin Bomhoit

Teghnical Manager

R&D Director

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

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

Power melar E4415B (GB41293874 01-Apr-10 (No. 217-01136) Apr-11

Power sensor E4412A MY41485277 01-Apr-10 (No. 217-01136) Apr-11

Power sensor E44124 MY41498087 01-Apr-10 (No. 217-01136) Apr-11

Reference 3 dB Attenuator SN 85054 (3c) 30-Mar-10 (No. 217-01159) Mar-11

Reference 20 dB Altenuator SN: S5086 {20h) 30-Mar-10 (No. 217-01161) Mar-11

Reference 30 dB Attenuator SN: 85129 (30b) 30-Mar-10 {No. 217-01160) Mar-11

Reference Probe ER3DV6E SiN: 2328 4-Oct-10 {No. ER3-2328_.0ct10) Oct-11

DAE4 SN: 789 31-Aug-10 (No. DAE4-789 Aug10) Aug-11

Secondary Standards D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 18-0ct-01 (in house check Oct-10} in house check: Oct-11
Name Function Signature

——

=

issued: January 24, 2011

Certificate No; ER3-2293_Jan11

Page 1 ¢f 10




Calibration Laboratory of \\\“\\@"/’7,, S  Schweizerischer Kalibrierdienst

Schmid & Partner 3\“‘-\:;{/./% ¢ Service suisse d'étalonnage
Engineering AG 31//;/%\? S Servizio svizzero di taratura

Zeughausstrasse 43, §004 Zurich, Switzerland ‘//"f.ﬁ;ﬁé“\\ 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

Multitateral Agreement for the recognition of calibration certificates

Glossary:

NORMX,v,z sensitivity in free space

DCP diode compression point

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

A B, C 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., 8 = 0is 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 senscrs and probes, excluding
antennas, from 9 kHz to 40 GHz", December 2005.

Methods Applied and Interpretation of Parameters:
= NORMx,y,z: Assessed for E-field polarization & = 0 for XY sensors and $ = 90 for Z sensor (f <900 MHz in
TEM-cell; f = 1800 MHz: R22 waveguide).

s NORM(fIxy.z = NORMx,v,z * frequency_response (see Frequency Response Chart).

e DCPx,y,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 madia.

o Axv.z Bxyz Cxyz VRxyz A B, Care numerical linearization parameters assessed based on the data of
power sweep for specific moduiation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

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

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

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

Certificate No: ER3-2293 Jan11 Page 2 of 10



ER3DVE — SN:2293 January 24, 2011

Probe ER3DVO6

SN:2293

Manufactured:  October 2, 2002
Calibrated: January 24, 2011

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ER3-2293_Jan11 Page 3 of 10



ER3DVG- SN:2293 January 24, 2011

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2293

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2})
Norm (puV/(Vim)*) 1.28 1.08 1.41 +10.1 %
DCP (mV)* 102.1 1011 99.7

Modulation Calibration Parameters

Ui Communication System Name PAR A B c VR Unc®
dB dB dB mV {k=2)
10000 Cw 0.0C X 0.00 0.00 1.00 141.0 2.4 %
Y | 000 0.00 1.00 1181
z 0.00 0.00 1.00 124.3

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

Certificate No: ER3-2293_Jan11 Page 4 of 10



ER3DVG- SN:2293 January 24, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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ER3DVE—~ SN:2293 January 24, 2011

Receiving Pattern (¢), 3 = 0°
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ER3DVE- SN:2293 January 24, 2011

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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ER3DVE— SN:2293

Dynamic Range f(E-field)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

January 24, 2011
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January 24, 2011

ER3DV6- SN:2263

=900 MHz

Error (¢, 9), f

Deviation from Isotropy in Air

ucopenad

Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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ER3DV6- SN:2293

January 24, 2011

DASY/EASY - Parameters of Probe: ER3DV6 - SN:2293

Other Probe Parameters

Sensor Arrangement

Rectanguiar

Connector Angle (°) 163.7
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 § 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 2.5 mm

Certificale No: ER3-2293 _Jant1
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zgughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero dl taratura
Swiss Calibration Service

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

Object

Calibration procedure(s)

Calibration date:

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (S},
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE criticat for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter E44198 GB41293874 1-Apr-10 {Na. 217-01136) Apr-11

Power sensor E4412A MY41495277 1-Apr-10 (No. 217-01138) Apr-11

Power sensor E4412A MY41498087 1-Apr-10 (No. 217-01136) Apr-11

Reference 3 dB Attenuator SN: 55054 (3¢) 30-Mar-10 (No, 217-01159) Mar-11

Reference 20 dB Attenuator SN: S5086 {20b) 30-Mar-10 (No. 217-01181) Mar-11

Reference 30 dB Attenuator SN: $5129 (30b) 30-Mar-10 (No. 217-01160) Mar-11

Reference Probe ES3DV2 SN: 3013 30-Dec-09 (No, ES3-3013_Dec09) Dec-10

DAE4 SN: 660 20-Apr-10 (No. DAE4-B60_Apr10) Apr-11

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

RF generator HP 8B48C Us3s42u01700 4-Aug-99 (in house check Oct-09) In house check: Oct-11
Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-10) In house check: Oct-11

Function Signature

Calibrated by:

Approved by:

Issued. December 14, 2010

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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:
TSL
NORMxy,z
ConvF

DCP

CF

A, B C
Polarization ¢
Polarization §

tissue simulating liquid

sensitivity in free space

sensitivity in TSL/ NORMx,y,z

diode compression point

crest factor (1/duty_cycle) of the RF signal
madulation dependent linearization parameters
¢ rotation around probe axis

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

i.e., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:
a) |EEE $Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific

Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b) IEC 62200-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close

proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMX,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y.z does not effect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

DCPx.y,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.

Ax.y,z; Bx,y,z; Cx,y,z, VRx,y,z: A, B, C are numerical iinearization 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 diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent

ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

Certificate No; EX3-3753_Dec10 Page 2 of 11



EX3DV4 SN:3753

Probe EX3DV4

SN:3753

Manufactured: March 16, 2010
Calibrated: December 13, 2010

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4 SN:3753 December 13, 2010
DASY/EASY - Parameters of Probe: EX3DV4 SN:3753
Basic Calibration Parameters
Saensor X | Sensor Y | Sensor Z |Unc (k=2)
Norm (uVAVImy* 0.34 0.49 052 [+101%
DCP (mv)® 99.3 98.8 103.0
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unet
dB dBuV mv {k=2)
10000 cw 0.00] X 0.00 0.00 1.00[ 1202 | +29%
Y 0.00 0.00 1.00[ 1117
z 0.00 0.00 1.00] 1189

approximately 95%.

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

* The uncertainties of NormX,¥.Z do not affect the E-field uncertainty inside TSL (see Pages 5 and 6).

8 Numerical linearization parameter: uncertainty not required.

® Uncertainty is determined using the maximum deviation from linear responsé applying recatangular distribution and is expressed for the square of the fisld value.

Certificate No: EX3-3753 Dec10 Page 4 of 11




EX3DV4 SN:3753 December 13, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3753

Calibration Parameter Determined in Head Tissue Simulating Media

f [MHz] Validity [MHz]® Permittivity Conductivity ConvFX ConvFY ConvFZ Alpha Depth Unc (k=2}
750 +50/100 4191 5% 0.89 £ 5% 9.52 9.52 9.52 0.52 072 +11.0%
B35 +50/x100 41.5 5% 080 5% 9.06 9.06 9.06 0.58 0.70 £11.0%
1750 +50/+£100 40.1 £ 5% 1.37+ 5% 8.25 8.25 8.25 0.67 0.64 £11.0%
1800 +50/+£100 40.0 £ 5% 1.40+£5% 7.90 7.90 7.80 0.54 0.71 £11.0%
2000 +50/x100 40.0 £ 5% 1.40 + 5% 7.82 7.82 7.82 0.62 0.65 £11.0%
2450 +50/+100 39.2£5% 1.80 £ 5% (A 7.1 7.1 0.38 0.83 +11.0%
5200 +50/+100 36.0 £ 5% 4.66 + 5% 4,96 4 96 4.96 0.32 1.90 +131%
5300 +50/+100 369+ 5% 476 +5% 4.69 469 469 0.40 1.90 £13.1%
5500 £50/+£100 356 £ 5% 4.96 £ 5% 4.43 443 443 0.45 1.90 £13.1%
5600 £50/+100 35.5+5% 5.07 £ 5% 4.44 4.44 4.44 0.45 1.90 £13.1%
5800 +50/1100 35.3+5% 5271 5% 4.32 4.32 4.32 0.45 1.80 £13.1%

€ The validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS of the ConvF uncertainty at calibration fraquency

and the uncertainty for the indicated frequency band.
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EX3DV4 SN:3753 December 13, 2010

DASY/EASY - Parameters of Probe: EX3DV4 SN:3753

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHz)® Parmittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2)
750 +50/1100 855+ 5% 0.96 £ 5% 9.25 9.25 925 0.54 0.74 +11.0%
835 +50/+100 552 £ 5% 0.97 + 5% 9.07 9.07 9.07 0.55 0.73 £+ 11.0%
1750 +50/1+100 53.4 £ 5% 149+ 5% 7.48 7.48 7.48 0.32 1.19 +11.0%
1900 +50/1100 53.3 £ 5% 1.52 5% 717 7.17 717 0.55 0.86 +11.0%
2000 £50/1+100 53.3 5% 1.52 £ 5% 7.22 7.22 7.22 0.96 052 +£11.0%
2300 +50/+100 52.8 £ 5% 1.85+5% 711 7.11 7.1 0.54 0.75 £ 11.0%
2450 +50/+100 52.7 £+ 5% 195 +5% 6.91 6.91 6.91 0.54 0.88 +11.0%
2600 +50/+100 525+ 5% 216 5% 6.86 6.86 6.86 0.97 0.34 £11.0%
3500 +50/+100 51.3+5% 3.31+5% 6.19 6.19 6.19 0.35 1.20 £13.1%
5200 +50/1100 49.0 £ 5% 5.30 £ 5% 4.21 421 4.21 0.55 195 £131%
5300 +50/1100 48.9 1 5% 542 £ 5% 4.02 4,02 4.02 0.55 1.95 £13.1%
5500 +50/+100 4861 5% 565 5% 3.69 3.69 3.69 0.55 1.95 £13.1%
5600 +50/+100 48.5% 5% 57715% 3 3.41 Ky 0.60 1.95 £13.1%
5800 +50/+100 48.2 5% 6.00 £ 5% 3.90 3.80 3.90 0.60 195 +131%

© The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band.
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EX3DV4 SN:3753 December 13, 2010

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

15 1 e e e o ‘ -
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Frequency response (normalized)

06 : e |

0.5 ; | |
0 500 1000 1500 2000 2500 3000
f [MHz]

—&—TEM —8—R22 ‘

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4 SN:3753 December 13, 2010

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM ifi110EXX f= 1800 MHz, WG R22

—0—30MHz

—— 100 MHz
—4— 500 MHz

—— 1800 MHz

=t 2500 MHz

0 60 120 180 240 300

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4 SN:3753 December 13, 2010

Dynamic Range f(SAR;..q)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4 SN:3753

Conversion Factor Assessment

f = 750 MHz, WGLS R9 (head)

December 13, 2010

f = 5800 MHz, WGLS R58 (head)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4 SN:3753

Other Probe Parameters

December 13, 2010

Sensor Arrangement

Triangular

Connector Angle (°)

Not applicable

Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm

Cenrtificate No: EX3-3753_Dec10 Page 11 of 11




Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

ciient  B.V. ADT (Auden)

Schwaelzerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: H3-6124_Jan11

[CALIBRATION CERTIFICATE |'

Object

Calibration procedure(s)

Calibration date:

H3DV6 - SN:6124

QA CAL-03.v6, QA CAL-25.v3

Calibration procedure for H-field probes optimized for close near field

evaluations in air

January 14, 2011

Calibratean Equipment used {M&TE cntical for cabibration)

This calibration certificale documents the traceability to national standards, which realize the physical units of measurements (31)
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate

All calibrations have been conducted in the dosed laboratory facility; environment termperature (22 £ 3)°C and humidity < 70%.

Primary Standards [} Cal Date (Certificate No.) Scheduled Calibration
Pawar meter E44 198 GB41293874 01-Apr-10 (No. 217-01136) Apr-11

Power sensor E44124 MY41495277 01-Apr-10 (Ma. 217-01136) Apr-11

Power sensor E44124 MY41498087 01-Apr-10 (No. 217-01136) Apr-11

Feference 3 dB Altenuator SN: 55054 (3c) 30-Mar-10 (No. 217-01159) Mar-11

Reference 20 dB Attenuator SM; 55086 (20b) 30-Mar-10 (Mo. 217-01161) Mar-11

Feference 30 dB Attenualor SN; 35129 (30b) 30-Mar-10 (No. 217-01160) Mar-11

Reference Probe H3IDVE SN; 6182 4-0ct-10 (Mo, H3-6182_0ct10) Qet-11

DAE4 SN: 788 31-Aug-10 (No. DAE4-788_Aug10) Aug-11

Secondary Standards [ Check Date (in housa) Scheduled Check

RF generator HP 8648C LI53642001700 4-Aug-98 (in house check Oct-08) In house check: Oct-11
Metwork Analyzer HP 8753E LIS37390585 18-0c1-01 {in house check Oct-10} In house check: Oct-11

MName Function Signature

Calibrated by: Marcel Fehr Laboratory Technician / /@/
Approved by; Katja Pokavic Technical Manager

This calibration cerlificate shall not be reproduced except in full without written approval of the laboratory,

P =g I

Issued: January 25, 2011
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Zeughausstrasse 43, 8004 Zurich, Switzerland AN Swiss Calibration Service
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108

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

AB,C modutation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal o probe axis (al measurement center),
ie., 9 =0is normal fo 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)

IEEE Std 1309-2005, " {EEE Standard for calibration of electromagnetic field sensors and probes, excluding
antennas, from 8 kHz to 40 GHz", December 2005.

Methods Applied and interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 for XY sensors and 8 = 90 for Z sensor (f < 300 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide).

XY, Z(f)_alalaZ= XY, Z_alataz*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.

Axy.z; Bx,y,z; Cx,y,z, VRx,y,z. A, B, C 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 diode.

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

Sensor Offset: The sensor offset corresponds fo 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 X _a0a’a2 (no
uncertainty required).

Certificate No: H3-6124_Jan11 Page 2 of 10



H3DV6 — SN:6124 January 14, 2011

Probe H3DVG6

SN:6124

Manufactured:  June 8, 2002
Calibrated: January 14, 2011

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY?2 system!)
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H3DV6- SN:G124

DASY/EASY - Parameters of Probe: H3DVG6 - SN:6124

Basic Calibration Parameters

January 14, 2011

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (A/m / V{mV)) a0 2.84E-003 2.94E-003 3.18E-003 +51%
Norm {A/m / vV {mV)) ail -2.51E-004 -3.82E-004 -3.47E-004 £51%
Norm {A/m / V/{mV)) a2 9.03E-005 6.51E-005 5.46E-005 +51%
DCP {mV)” 92.7 92.3 85.4
Modulation Calibration Parameters
uiD Communication System Name PAR A B c VR Unc™
dB dB dB mV {k=2)
10000 Cw 0.00 X 0.00 0.00 1.00 236.8 1.9 %
Y 0.0 0.00 1.00 237.5
Z 0.0 0.00 1.00 2401

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 response applying rectanguiar distribution and is expressed for the square of the

field value,

Certificate No: H3-6124_Jan11
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H3DV6— SN:6124

January 14, 2011

Frequency Response of H-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Frequency response (normalized)

S I |

0.5

TE

i
1500
e TIMHZ]
L@

[&]
R27 (0°)

®
M (0%} TEM (907) R22 (80%)

Uncertainty of Frequency Response of H-field: t 6.3% (k=2)
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H3DWVE- SN:G124 January 14, 2011

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM,0° f=2500 MHz,R22,0°
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H3DWVE- SN:G124 January 14, 2011

Receiving Pattern (¢), 9 =0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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H3DVE- SN:6124

Dynamic Range f(H-field)
(TEM cell, f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)

January 14, 2011
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H3DVE- SN:6124 January 14, 2011

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

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

Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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H3DVE- SN:6124

January 14, 2011

DASY/EASY - Parameters of Probe: H3DV6 - SN:6124

Other Probe Parameters

Sensor Arrangement

Rectangular

Connector Angle (°) -146.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabied
Probe QOverall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 20 mm
Tip Diameter 6 mm
Probe Tip to Sensor X Calibration Point 3 mm
Probe Tip to Sensor Y Calibration Point 3 mm
Probe Tip {o Sensor Z Calibration Point 3mm

Certificate No: H3-6124_Jan11
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Schmia & Parther Enginecring AG s p e a g

Zeughausstrasse 43, 8004 Zunch, Switzerland
Phiong +41 44 245 9700, Fax +471 441 2459779
info@speag.com, hitp/Avww speag . com

IMPORTANT NOTICE

USAGE OF THE DAE 3

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
seiviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The baitery cover of the DAE3 unit is connected to a fragile 3-pin battery connector.
Customer is responsible {o apply outmost caution not to bend or damage the connector when changing batteries.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration the customer shall remove the batteries
and pack the DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container
which protects the DAE from impacts transportation. The package shall be marked to indicate that a fragile

instrument is inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-stop. To prevent Estop fadlure, Customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unii, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the

Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAQG personnel only and is part of the annual
calibration procedure.

Iimpottant Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector noteh oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when

disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR03091211BD DAE3.dce 11.12.2009




Calibration Laboratory of
Schmid & Partner

Engineering AG
2eughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
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 certificates

cient  ADT (Auden) Cortificate No: DAE3:510_.0¢ct10.

|CALIBRATION CERTIFICATE

Object DAE3 - SD 000 D03 AA - SN: 510 -

Calibration procedure(s) QA CAL-08.v22
Calibration procedure for the data acquasmon electromcs (DAE)

Calibration date: October 4, 2010

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl}.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Primary Standards D # Cal Date {Certificate No.} Scheduied Calibration

Keithley Multimeter Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11

Secondary Standards 1D # Check Date ({in house) Scheduled Check

Calibrator Box V1.1 SE UMS 006 AB 1004  07-Jun-10 (in house check) In house check: Jun-11
Name Function Signature

Calibrated by: Dominique Steffen Technician ' ;

Approved by: Fin Bomholt R&D Director

issued: October 4, 2010

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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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

DAE data acquisition electronics

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

Methods Applied and Interpretation of Parameters
e 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.

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

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

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

e Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

o AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

¢ Input Offset Measurement. Output voltage and statistical resuits over a large number of
zero voltage measurements.

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

s [nput resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

e 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 various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range:
Low Range:

1L8B =
1LSB =

8.1uV,
81Ny ,

full range =
full range =

-100...+300 mV

DASY measurement parameters: Auto Zeroc Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

z

High Range

404.204 = 0.1% {k=2)

404.261 1 0.1% (k=2)

404.619 £0.1% (k=2)

Low Range

3.97841 = 0.7% (k=2)

3.96431 + 0.7% (k=2)

3.08318 £ 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system

280.0°+1°
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Appendix

1. DC Voltage Linearity

High Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 200002.6 1.33 0.00
(Channel X+ Input 2000152 1.72 0.01
Channel X - Input -19997.99 1.81 -0.01
E-hannel Y + input 200010.4 0.89 0.00
Channei Y + Input 20000.89 1.39 0.01
Channe!'Y - Input -19998.10 1.60 -0.01
Channel Z + Input 200007.2 -1.37 -0.00
Channel Z + Input 19998.21 -1.29 -0.01
Channel Z - Input -20001.73 -2.13 0.01
l.ow Range Reading (pV}) bifference (V) Error (%)
Channel X + Input 2000.1 0.23 0.01
Channe! X + Input 200.27 0.27 0.13
Channel X - Input -199.76 0.04 -0.02
Channel Y + Input 2000.8 0.66 0.03
Channel Y + Input 199.56 -0.44 -0.22
Channel Y - [Input -200.06 -0.16 0.08
Channel Z + Input 1899.4 -0.75 -0.04
Channel 2 + Input 199.53 -0.57 -0.28
Channel Z - input -201.06 -1.16 0.58
2. Common mode sensitivity
DASY measurement parameters: Autc Zero Time. 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voitage {mV) Average Reading (uV) Average Reading (nV)
Channel X 200 17.87 16.44
- 200 -15.36 ~17.11
Channel Y 200 14.99 14.97
- 200 -16.63 -16.47
Channel 2 200 -8.65 -8.74
- 200 7.23 7.63

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

input Voltage (mV) | Channel X (uV} | Channel Y (uV) Channel Z (pV)
Channel X 200 - 4.37 -3.14
Channel Y 200 6.07 - 3.36
Channel Z 200 3.03 -0.24 -
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB)

L.ow Range (LSB)

Channel X 15917 15639
Channel Y 16112 16210
Channel 2 16121 16322

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

Input 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) Std. l?:\\;;atlon
Channel X .61 0.06 2.59 0.30
Channel Y 1.72 -0.56 3.01 0.39
Channel Z -1.94 2.73 -0.58 0.30
6. Input Offset Current
Nominal Input circuitry offset current on all channels; <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhmj} Measuring (MOhm}
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply {- Vcc) -7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA)} | Stand by {(mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vcc) —0.01 -8 -9
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Schmid & Partner Engineerning &G s e a

Leughausstrasse 43, 8004 Zunch, Switzerland
Phona +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitpfwww. speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 3

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE3 unit is connected to a fragile 3-pin battery connector.
Customer is responsible to apply outmost caution not to bend or damage the connector when changing batteries.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration the customer shall remove the batteries
and pack the DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container
which protects the DAE from impacts transportation. The package shall be marked to indicate that a fragile

instrument is inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets, Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, Customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE inpul resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given

in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the

Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BRO3091211BD DAE3.doc 11.12.2009




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service

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

Calibration procedure(s)

Calibration date:

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

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

Calibration Equipment used (MATE critical for calibration)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 1-0ct-09 (No: 9055) Oct-10

Secondary Standards D# Check Date {in house) Scheduled Check
Calibrator Box V1.1 SE UMS 006 AB 1004 07-Jun-10 (in house check) In house check: Jun-11

Calibrated by:

Approved by:

Issued: September 20, 2010

This calibration certificate shall not be reproduced excapt in full without written approval of the laboratory.
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Glossary

DAE data acquisition electronics

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

Methods Applied and interpretation of Parameters
e 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.

o 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.

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

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

» Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

s AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

» Input Offset Measurement. Quiput voltage and statistical results over a large number of
zero voltage measurements.

o Input Offset Current: Typical value for information; Maximum channel input offset
current, nhot considering the input resistance.

» Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

o 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 various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 11.8B = 6.1V, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV, full range = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404,327 £0.1% (k=2) | 404.379 £0.1% (k=2) | 404.160 = 0.1% (k=2)
Low Range 3.98675 £ 0.7% (k=2) | 3.99301 £0.7% (k=2) | 3.94834 + 0.7% (k=2)

Connector Angle

Connector Angle to be used in DASY system 358.0°:11°
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Appendix

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200003.9 0.96 0.00
Channel X + nput 20003.19 3.09 0.02
Channel X - Input -19994.55 4.75 -0.02
Channel Y + input 199992.4 -0.09 -0.00
Channel Y + Input 18999.51 0.41 0.00
Channel Y - Input -19987.22 3.18 -0.02
Channel Z + Input 200002.0 0.91 0.00
Channel 2 + Input 20001.93 2.03 0.01
Channel Z - input -19997.58 2.82 -0.01
L.ow Range Reading (pV) Difference (V) Error (%)
Channel X + Input 2000.0 0.02 0.00
Channel X + Input 199.82 0.12 0.06
Channel X - Input -200.46 -0.56 0.28
Channel Y + input 2000.3 0.47 0.02
Channel Y + Input 199.12 -0.78 -0.39
Channel Y - Input -201.36 -1.16 0.58
Channel Z + input 1999.9 -0.07 -0.00
Channel 2 + [nput 188.18 -0.72 -0.36
Channel 2 - Input -201.47 -1.47 0.73
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 7.07 6.75
-200 -4.60 -6.25
Channel Y 200 9.48 9.62
- 200 -10.39 -10.96
Channel 2 200 8.79 8.42
- 200 -9.64 -9.80

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input Voltage (mV) | Channel X {uV) | Channel Y (uV) Channel Z (uV)
Channel X 200 - 0.03 0.35
Channel Y 200 1.14 - 2.31
Channel Z 200 2.01 0.80 -
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (L.SB)
Channel X 16343 16314
Channel Y 16184 16427
Channel 2 15816 16265

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

input 10MQ

Average (LV) min. Offset (LV) | max. Offset (V) Std. [;:‘\Ir;ation
Channel X -0.70 -1.84 0.80 0.49
Channel Y -1.565 212 -0.66 0.27
Channel Z 0.57 -0.11 5.61 0.62

6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

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

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

Alarm Levei (VDC)

Supply (+ Vcc)
Supply (- Veo)

+7.9
-7.6

9. Power Consumption (Typical values for information)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +8 +14
Supply (- Veg) -0.01 -8 -8
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CALIBRATION CERTIFICATE I

Object

Calibration procedure(s)

Calibration date:

AM1DV3 - SN: 3060

QA CAL-24.v2

Calibration procedure for AM1D magnetic field probes and TMFS in the

audio range

January 18, 2011

Calibration Equipment used (M&TE critical for calibration)

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

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

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Keithley Multimeter Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11
Reference Probe AM1DV3 SN: 3000 6-Sep-10 (No. AM1D-3000_Sep10) Sep-11
DAE4 SN: 781 20-Oct-10 (No. DAE4-781_0Oct10) Oct-11
Secondary Standards 1D # Check Date (in house) Scheduled Check
AMCC 1050 15-Oct-09 (in house check Oct-09) Oct-11

Name Function Signature
Calibrated by: Mike Meili Laboratory Technician P" w‘.’\
Approved by: Fin Bomholt R&D Director

e A

Issued: January 19, 2011

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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References

{1]

(2]

ANSI C63.19-2007

American National Standard for Methods of Measurement of Compatibility between Wireless
Communications Devices and Hearing Aids.

DASY4 manual, Chapter: Hearing Aid Compatibility (HAC) T-Coil Extension

Description of the AM1D probe

The AM1D Audio Magnetic Field Probe is a fully shielded magnetic fieid probe for the frequency
range from 100 Hz to 20 kHz. The pickup coil is compliant with the dimensional requirements of [1].
The probe includes a symmetric low noise amplifier for the signal available at the shielded 3 pin
connector at the side. Power is supplied via the same connector (phantom power supply} and
monitored via the LED near the connector. The 7 pin connector at the end of the probe does not
carry any signals, but determines the angle of the sensor when mounted on the DAE. The probe
supports mechanical detection of the surface.

The single sensor in the probe is arranged in a tilt angle allowing measurement of 3 orthogonai fieid
components when rotating the probe by 120° around its axis. it is aligned with the perpendicular
component of the field, if the probe axis is tilted nominally 35.3° above the measurement plane,
using the connector rotation and sensor angle stated below.

The probe is fully RF shielded when operated with the matching signal cable (shielded) and allows
measurement of audio magnetic fields in the close vicinity of RF emitting wireless devices according
to [1] without additional shielding.

Handling of the item

The probe is manufactured from stainless steel. In order to maintain the performance and calibration
of the probe, it must not be opened. The probe is designed for operation in air and shall not be
exposed to humidity or liquids. For proper operation of the surface detection and emergency stop
functions in a DASY system, the probe must be operated with the special probe cup provided (larger
diameter).

Methods Applied and Interpretation of Parameters

Coordinate System: The AM1D probe is mounted in the DASY system for operation with a HAC Test
Arch phantom with AMCC Helmholtz calibration coil according to {2], with the tip pointing to “southwest”
orientation,

Functional Test: The functional test preceding calibration includes test of

Noise level

RF immunity (1kHz AM modulated signal). The shield of the probe cable must be well connected.
Frequency response verification from 100 Hz to 10 kHz.

Connector Rotation: The connector at the end of the probe does not carry any signals and is used for
fixation to the DAE only. The probe is operated in the center of the AMCC Helmholtz coil using a 1 kHz
magnetic field signal. Its angle is determined from the two minima at nominally +120° and —120°
rotation, so the sensor in the tip of the probe is aligned to the vertical plane in z-direction, corresponding
to the field maximum in the AMCC Helmholtz calibration coil.

Sensor Angle: The sensor tilting in the vertical plane from the ideal vertical direction is determined from
the two minima at nominally +120° and —120°. DASY system uses this angle to align the sensor for
radial measurements to the x and y axis in the horizontal plane.

Sensitivity: With the probe sensor aligned to the z-field in the AMCC, the output of the probe is
compared to the magnetic field in the AMCC at 1 kHz. The field in the AMCC Helmholtz coil is given by
the geometry and the current through the coil, which is monitored on the precision shunt resistor of the
coil.
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AM1D probe identification and configuration data

ltem AM1DV3 Audio Magnetic 1D Field Probe

Type No SP AM1 001 BA

Serial No 3060

Overall length 296 mm

Tip diameter 6.0 mm (at the tip)

Sensor offset 3.0 mm (centre of sensor from tip)

internal Amplifier 20 dB

Manufacturer / Origin Schmid & Partner Engineering AG, Zlrich, Switzerland
Manufacturing date Oct-2008

lLast calibration date January 21, 2010

Calibration data

Connector rotation angle  {in DASY system) 50.5 ° +/- 3.6 ° (k=2)
Sensor angle {in DASY system) 0.82° +/- 0.5 ° (k=2)
Sensitivity at 1 kHz (in DASY system) 0.00733 V/ (A/m) +- 2.2 % (k=2)
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