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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

Service suissa d'é¢talonnage
Servizio svizzero di taratura
S Swiss Calibration Service

Accredited by the Swiss Federal Office of Melrology and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

client  H-CT (Dymstec) Certificate No: ERB-M_HMG

5 Schweizerischer Kallbrierdienst

CALIBRATION CERTIFICATE

Object ER3DVE - SN:2343

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

Calibration date: March 23, 2006

Condition of the calibrated item |n Tolerance

This callbration certificale dosumants the traceability 1o national standards, which realize the physical units of measurements (S1).
The measurements and tha uncertainties with confidence probability are given on the following pages and ara part of the centificate.

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

Calibration Equipment usad (M&TE critical for calibration)

Primary Standards n# Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power meter E44198 GB41293874 3-May-05 (METAS, No. 251-00468) May-06
Power sensor E44124 MY41485277 3-May-05 (METAS, No. 251-00466) May-08
Power sensor E44124 MY41498087 3-May-06 (METAS, No. 251-00466) May-08
Reference 3 dB Attenuator SN: 55054 (3g) 11-Aug-05 (METAS, No. 251-00499) Aug-08
| Raference 20 dB Attenuator SN: S5088 (20b) 3-May-05 (METAS, Mo. 251-00467) May-06
Referance 30 dB Attenuator SN: 5129 (30b) 11-Aug-05 (METAS, No. 251-00500) Aug-08
Reference Probe ER3DVE SN: 2328 3-0ct-05 (SPEAG, No. ER3-2328_0ct05) Oet-08
DAE4 SN: 654 2-Feb-06 (SPEAG, No. DAE4-B54_Feb08) Feb-07
Secondary Slandards 1D # Chack Date (in housa) Scheduled Check
RF gensrator HP B548C US3842001700 4-Aug-99 ($FEAG, in house check Nav-05) In house check: Nov-07
Matwark Analyzer HP B753E US37390585 18-Oci-01 (SPEAG, In house check Mov-05) In house check: Nav 08
Name Function Signature
Calibrated by: Katja Pokavic Technical Manager / ﬁ’ {
[
."l

Approved by: Niets Kuster Quality Managsr A/;" / 5

Issued: March 23, 2006
This calibration cenificate shall not be reproduced excapt in full without written approval of the laboratory.
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Report No.: HCT-SAR06-0502 FCCID: QMNRM-215 DATE: May 4, 2006

g Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S swiss Calibration Service

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Federal Office of Metrology and Accreditation 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:

NORMx,y,z sensitivity in free space

DCP diode compression point

Polarization ¢ ¢ rotation around probe axis

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

measurement center), i.e., 3 = 0 is normal to probe axis
Connector Angle  information used in DASY system to align probe sensor X to the robot
coordinate system

Calibration is Performed According to the Following Standards:
a) |IEEE Std 1309-1996, " IEEE Standard for calibration of electromagnetic field sensors and
probes, excluding antennas, from 9 kHz to 40 GHz", 1996.

Methods Applied and Interpretation of Parameters:
« NORMzx,y z: Assessed for E-field polarization 8 = 0 for XY sensors and $ = 90 for Z sensor
(f =900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

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

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency.

s 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.

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

Certificate No: ER3-2343_Mar06 Page 2 of 8

HYUNDAI CALIBRATION & CERTIFICATION TECHNOLOGIES CO., LTD.
SAN 136-1, AMI-RI , BUBAL-EUP, ICHEON-SILKYOUNKI-DO, 467-701, KOREA
TEL : +82 31 639 8518 FAX :+82 31 639 8525 www.hct.co.kr



HCT

Report No.: HCT-SAR06-0502 FCCID: QMNRM-215 DATE: May 4, 2006

ER3DV6 SN:2343 March 23, 2006

Probe ER3DV6

SN:2343

Manufactured: January 1, 2005
Last calibrated: April 27, 2005
Recalibrated: March 23, 2006

Calibrated for DASY Systems

(Mote: non-compatible with DASY2 system!)
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ER3DV6E SN:2343 March 23, 2006

DASY - Parameters of Probe: ER3DV6 SN:2343

Sensitivity in Free Space [uV/(V/m)?] Diode Compression®
NormX 1.64 £10.1 % (k=2) DCP X 93 mV
NormY 1.62 £ 10.1 % (k=2) DCPY 93 mV
Normz 1.65 + 10.1 % (k=2) DCPZ 95 mV

Frequency Correction

X 0.0

Y 0.0

F4 0.0
Sensor Offset (Probe Tip to Sensor Center)

X 2.5 mm

¥ 2.5 mm

Z 2.5 mm
Connector Angle 43 °

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%.

A P s 5 ;
numerical linearization parameter: uncertainty not required
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ER3DVE SN:2343 March 23, 2006

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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ER3DV6 SN:2343 March 23, 2006

Receiving Pattern (¢), 9 = 0°

f= 600 MHz, TEM ifi110EXX f= 2500 MHz, WG R22

Receiving Pattern (¢), S = 90°

f= 600 MHz, TEM ifi110EXX f=2500 MHz, WG R22

Certificate No: ER3-2343_Mar06 Page 6 of 9

HYUNDAI CALIBRATION & CERTIFICATION TECHNOLOGIES CO., LTD.
SAN 136-1, AMI-RI , BUBAL-EUP, ICHEON-SILKYOUNKI-DO, 467-701, KOREA
TEL : +82 31 639 8518 FAX :+82 31 639 8525 www.hct.co.kr



HCT

Report No.: HCT-SAR06-0502 FCCID: QMNRM-215 DATE: May 4, 2006

ER3DV6 SN:2343 March 23, 2006

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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ER3DV6E SN:2343 March 23, 2006

Dynamic Range f(E-field)
(Waveguide R22, f = 1800 MHz)
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Error [dB]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ER3DV6 SN:2343 March 23, 2006

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

Error [dB]

B-1.00--0.80 E-0.80--0.60 B-0.60-0.40 B-0.40-0.20 -0.20-0.00
00.00-0.20 E0.20-0.40 O0.40-0.60 B0.60-0.80 B0.80-1.00

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerland

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

Accradited by the Swiss Federal Office of Metrelogy and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client HCT (Dymstec) Certificate No: H3-6101_Jul05

|[CALIBRATION CERTIFICATE

Object H3DVE - SN:6101

Calibration procedure(s) QA CAL-03.v4
Calibration procedure for H-field probes optimized for close near field
evaluations in air

Calibration date: July 20, 2005

Condition of the calibrated tern  |ny Tolerance

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (31},
Tha 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%.

Calibration Eguipment used (M&TE critical for calibration)

 Primary Standards D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration

Power meter E44198 GB41293874 3-May-05 (METAS, No. 251-00466) May-08

Power sensar E4412A MY 41485277 3-May-05 (METAS, No. 251-00466) May-06

Power sensor E44124 MY41488087 3-May-05 (METAS, No. 251-00468) May-08

Reference 3 dB Attenuator 3N: 35054 (3c) 10-Aug-04 (METAS, No. 251-00403) Aug-05

Reference 20 dB Attenuator SN: S5086 (20b) 3-May-05 (METAS, No. 251-00467) May-06

Reference 30 dB Attenuator SN: 55129 (300) 10-Aug-04 (METAS, No. 251-00404) Aug-05

Reference Probe H3OVE SN: 6182 6-0ct-04 (SPEAG, No. H3-5182_Octdd) Oct-05

DAE4 SN: 907 21-Jun-05 (SPEAG, No. DAE4-907_Jun0s) Jun-06

Secondary Standards 10 # Check Date (in house) Scheduled Check

RF genaralor HP BB4AC US3842001700 4-Aug-98 (SPEAG, in house check Dac-03) In house check: Dec-05

Network Analyzer HP B753E UsarTasosas 18-0ct-01 (SPEAG, in house check Nowv-04) in house check: Nov 05
Name Functian Signau.llfle / -~

Calibrated by: Nico Vetterli Laboratory Technician / Ly

i
Approved by: Katja Fokovic Technical Manzger % k; ;Z

Issued: July 20, 2005

This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwelzerischer Kalibrierdienst
Service suisse détalonnage
Servizio svizzero di taratura
Swiss Calibration Service

5
c
s

Accredited by the Swiss Faderal Office of Metrolagy and Accreditation 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:

NORMzx,y.z sensitivity in free space

DCP diode compression point

Polarization ¢ o 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 = 0 is normal to probe axis
Connector Angle  information used in DASY system to align probe sensor X to the robot
coordinate system

Calibration is Performed According to the Following Standards:
a) |EEE Std 1309-1996, " IEEE Standard for calibration of electromagnetic field sensors and
probes, excluding antennas, from 9 kHz to 40 GHz", 1996.

Methods Applied and Interpretation of Parameters:
o XY.Z alaia2: Assessed for E-field polarization 8 = 90 for XY sensors and § = 0 for Z
sensor (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguide).

o XY, Z(f)_alala2=X,Y,Z_alala2* frequency response (see Frequency Response Chart).

s DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency.

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

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

= Connector Angle: The angle is assessed using the information gained by determining the
X_ala1a2 (no uncertainty required).
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H3DV6 SN:6101 July 20, 2005

Probe H3DVG6

SN:6101

Manufactured: December 10, 2001
Last calibrated: January 7, 2002
Recalibrated: July 20, 2005

Calibrated for DASY Systems

(Mote: non-compatible with DASY2 system!)
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H3DV6 SN:6101 July 20, 2005

DASY - Parameters of Probe: H3DV6 SN:6101

Sensitivity in Free Space [A/m / V(uV)]

al ail a2
X 2.815E-03 4461E-5 -2.024E-5 = 5.1 % (k=2)
b A 2.855E-03  -7.502E-5 -5.205E-5+5.1% (k=2)
Z 3.047E-03  -5.206E-5 9.184E-6 = 5.1 % (k=2)

Diode Compression’

DCP X 87 mv
DCPY 87 mv
DCP Z 86 mVv
Sensor Offset {Probe Tip to Sensor Center)
X 3.0 mm
Y 3.0 mm
Z 3.0 mm
Connector Angle 240 °

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
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H3DV6 SN:6101 July 20, 2005

Frequency Response of H-Field
(TEM-Cell:ifi110, Waveguide R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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H3DVé6 SN:6101 July 20, 2005

Receiving Pattern (¢), 9 = 90°

f =300 MHz, TEM ifi110EXX f = 2500 MHz, WG R22

—a—x —a—Y —a—-Z —O—tof

Receiving Pattern (¢), S =0°

T= 300 MHz, TEM ifi110EXX f=2500 MHz, WG R22

==X ——Y —8—7 —O—tot
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H3DV6 SN:6101 July 20, 2005

Receiving Pattern (¢), 9 = 90°

—0—300 MHz
—B— 600 MHz

—o—750 MHz

Error [dB]

—— 1800 MHz

—A— 2500 MHz

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

Receiving Pattern (¢), 9 =0°

—o— 300 MHz
—— 600 MHz
—@—T750 MHz

Error [dB]

—— 1800 MHz
—&— 2500 MHz|

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(H-field)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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