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Calibration Certificate of DASY

Calibration Laboratory of N g Sehweizerischer Kallbrierdienst
Schmid & Partner = ¢ Service sulsse dutaionnage

Engineering AG Servizio svizzers 4 taratura
Accredited by the Swiss Accredilation Service [SAS) Accreditation Ne.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cortificates

This calibration cartificats documants the tracaability to national standards, which realize the physical units of messuwrements (31).
The measuremants and tha unoertaintios with confidenca probability are ghwen on the foliowing pages ard are part of the cenificane,

All calibrations have beon conducted in the cloasd labarasony Eacility: anviranmant temperatura (22 & 3)°C and humidity = TO%.

Calibraticn Equipment used (MATE criticad for calbration)

Primary Standards o# Cal Dain (Cerificate No.) Schuduled Calbration

Power meler E44198 GEL1HI38TA 1-Ape-08 (No. 217-00788) Apeds

Power sansor E44128 MY41405277 1hpe-08 (Mo, 217-0076E) Ape S

Powar sensor E44124 Y4 1456087 1-Ape-08 [N 217-00788} Age0a

Reference 3 4B Allenuator SN: §5054 (3c) 1 Jub8 (Ho, 2T-00865) Jul-08

Reference 20 o8 Attenuatar SN: S5086 (206) 31-Mar-08 (M. 217-00787) Agedd

Raferanca 30 98 Alterualor SN: 55129 (30b) 1-Jul-08 (Mo, 217-008846) Jul-09

Refaronce Prabo ERIDVE SN: 2378 2-0¢t-07 (No. ER3-2328_0ct7) Ootoe

DAEd SN: 554 28-Apr-08 (No. DAE4B54_ApDE) Agr-08

Secondary Standand (1] Chack Date {in housa) Schaduled Chack

RF generator HP BE4BC US3842U01700 4809 (in house chack Oo0T) In house check: Oct-089

HNatwork Analyzor HP 875IE USITIH0585 18-Dct-01 {in house check Oct-07) In house check: Oct08
Mame Function

Appronied by

This calibration carificats shall nat ba raproducad axcept in full without wisten approval of Sia lsbaratsry.

Certificate No: ER3-2258_AugO8 Page 10f9
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Calibration Certificate of DASY

Calibration Laboratory of Lﬂ'@*’ﬁ, Schwalzerischer Kalibrierdenst

Schmid & Partner % Service suisse détalonnage
Engineering AG T Servizio svizzero di taratura

Zsughaussirasse £3, 3004 Zurich. Switzeriand £ J,?,_‘ﬁx?‘ Swiss Calibration Service

Accredibed by T Swiss Accreditaion Sorvice (SAS) Accreditation Me.; SCS 108

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

Multilataral Agreamant for the recognition of calibration certificates

Glossary:

NORMx,y,z sensitivity in free space

DCP diode compression point

Polarization ¢ « rotation around probe axis

Polarization & 3 rotation around an axis that is in the plane normal to probe axis (at

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

Calibration is Performed According to the Following Standards:
a) |IEEE Std 1309-2005, * IEEE Standard for calibration of electromagnetic field sensors and
probes, excluding antennas, from 9 kHz to 40 GHz", December 2005,

Methods Applied and Interprétation of Parameters:
s  NORMzx,yz: Assessed for E-field polarization & = 0 for XY sensors and & = 80 for Z sensor
{f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

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

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

e Spherical isotropy (30 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).

Cenrtificate Mo: ER3-2256_AuwgD8 Page 2of 9
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Calibration Certificate of DASY

ER3DVE SN:2256 August 22, 2008

Probe ER3DVG6

SN:2256

Manufactured: March 15, 2001
Last calibrated: August 21, 2007
Recalibrated: August 22, 2008

Calibrated for DASY Systems

(Mote: non-compatible with DASY2 system!)

Cenificate No: ER3-2256_Augls Page 3ol
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Calibration Certificate of DASY

ER3DVE SN:2256

August 22, 2008

DASY - Parameters of Probe: ER3DV6 SN:2256

Sensitivity in Free Space [uV/(V/im))

Diode Compression”

MormX 2.20 £ 10.1 % (k=2) DCP X g1 mV/
MNormY 1.57 £ 101 % (k=2) DCFPY 83 mv
NormZ 1,65 + 10.1 % (k=2) DCF Z 99 mv
Frequency Correction
X 0.0
Y 0.0
Z 0.0
Sensor Offset {Probe Tip to Sensor Center)
X 2,5 mm
Y 2.5 mm
i 2.5 mm
Connector Angle -248 *

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%.

* nusmerical linaarization parsmaber; unigartainty not required

Centicate Na: ER3-2256_AugDa

Page 4 of 9
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Calibration Certificate of DASY

ER3DVE 3N:2256 August 22, 2003

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

LY

Frequency response (normalized)
= B

=

0.8
o7
0.8
|:| 5 - - T +
0 500 1000 1500 2000 2500 3000
f [MHz]
— Xy —8—TEM =Rz
_ —o—TEM —— R

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)

Cortificate Mo: ER3-2256_Augde Page 5of 9
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Calibration Certificate of DASY

ER3DVE SN:2256 August 22, 2008

Receiving Pattern (¢), 8 = 0°

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

Receiving Pattern (¢), 9 = 90°

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

X —8-Y —8-2 -—O—tol =X Y I O

Cartificate No: ER3-2256_Augls Page 6 of 9
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Calibration Certificate of DASY

ER3DVE SN:2256 August 22, 2008

Receiving Pattern (¢), 8 = 0°

—o— 30 MHz

== 100 MHz
= —o— 600 MHz
ry —&— 1800 MHz
£ - =t 2500 MHz
v] 60 120 180 240 300
+07
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
u iy _ a
Receiving Pattern (¢), 3 =90
1.0
0.8 ! | | ! || | [ I [ I S B
08— ' —o— 30 MHz
i 02 ——— e 800 MMz
g-gllﬂllllll!llllll!ll!!ll PODDEEOREEEE o 000 MH:
“ 0.4 - L [ - ] =i— 2500 MHz
08
D8 - 4t 118 )
=1.0
0 G0 120 180 240 300
(2|
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cortificate Mo: ER3-2256_Aug08 Paga T of @
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Calibration Certificate of DASY

ER3DVE SN:2256 August 22, 2008

Dynamic Range f(E-field)

(Waveguide R22, f = 1800 MHz)
1.E+05 - - .
1.E+D4

1.E403 =

Sensor Voltage [V]

1.E+01

1.E+00 B T | LIt i1l

-0 XY B XY corr ——Z ——Z cour

1.0 4

1 10 E [Vim] 100 1000

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

Certificate No: ER3-2256_Aug08 Page & of 9
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Calibration Certificate of DASY

ER3DVE SN:2256 August 22, 2008

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

Error [dB]

B-1.00-0.50 B-0.80--0.80 B-0.50-0.40 B-0.40-0.20 B-0.20-0.00
D{.00-0.20 B0.20-0.40 00400 80 B0.60.0.60 B0.50-1.00

Uncertainty of Spherical lsotropy Assessmaent: £ 2.6% (k=2)

Certificate No: ER3-2256_Augli Page 8 of 9
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Calibration Certificate of DASY

Calibration Laboratory of A Schweizerischer Kalibrierdienst
Schmid & Partner B Service sulsse d'étalonnage
Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurkch, Switzerland %{F\‘\wﬁ Swiss Calibration Service
Haglyihe®
Aocredited by the Swiss Accreditation Servicn (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

G ATLudOR) oo HOSOTO Augos

Thits calibration certificate documants the traceability o national standards, which realize the physical units of measurements (51,
The measuramants and the uncanaintes with confidence probability are given on the following pages and are part of the cartificate.

All calibrations have been conducied in the closed laboratory facility: envirenment temperatune (22 £ 3)°C and humidity < T0%.

Calibration Equipment used (MATE critical for calibration)

Prirmary Standards ID#g ~ Cal Date (Certificate No.) Schaduled Callbration
Powar meler E44198 GB41203674 1-Agr-08 (No. 217-00758) Ape0d
Power sansor E44124, MY41485277 1-Apr-08 (No, 297-00788) Apr0d
Power sensor E44124, MY 414080687 1-Apr-08 (Mo, 217-00784) Apr-09
Rederence 3 0B Alenuator SM: 35054 (3c) 1-Jul-08 (No. 217-00885) Jul-0g
Reference 20 dB Attenuator SM: 55085 (200) 3-Mar-08 (No. 217-00T8T) Apr-08
Reference 30 dB Attenuator SN: 55129 (300) 1-Jul-08 (Mo. 217-00856) Jul-08
Referance Proba HIOVE SN: 6182 2-0ct-07 (No. H3-8182_OctdT) Oct-08
DAE4 SN: 654 24-Apr-08 (Mo, DAE4-654_Aprld) Apr-08
Standards oW Check Date (in house) Scheduled Check
RAF generator HP BE48C LIS3842001700 4-Aug-89 (in housa chack Oct-07) In house chack: Oct-09
Matwork Analyzer HP 8T53E US37390585 18-0ct-01 (in house check Odt-07) In house check: Oct-08
Nawma Function Sagna
ww s r T R4 i 4

sswed: August 26, 2008

This calibration carificate shall nof be reproduced excepd in full without written appeoval of the laboratary,

Certificate No: H3-5076_Aug08 Page 10f 9
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Calibration Certificate of DASY

Calibration Laboratory of ie“"lﬂ'»""'p.j §  Schwaizerischer Kalibrisrdianst

Schmid & Partner iﬁﬁ o Serice suisse détalonnage
Engineering AG T Servizio svizzero di taratura

Zoughaussirasso 43, 8004 Zurich, Switzerland e S  swiss Calibration Service

LT

Accredited by the Swiss Accreditation Servica (SAS) Accreditation Mo.: SCS 108

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

Muitilateral Agreemant for the recognition of calibration certificates

Glossary:

NORMzx,y.z sensitivity in free space

DCP diode compression point

Polarization ¢ ¢ rotation around probe axis

Polarization 9 4 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) IEEE Std 1309-2005, ® |EEE Standard for calibration of electromagnetic field sensors and
probes, excluding antennas, from 9 kHz to 40 GHz", December 2005.

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

o X YZ(f) alata2= XY Z_alala2® frequency response (see Frequency Response Chart).

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

« 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 fip (on probe axis). No tolerance required.

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

Certificate No: H3-6076_Aug0s Page 2 of
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

Probe H3DV6

SN:6076

Manufactured: October 2, 2000
Last calibrated: August 23, 2007
Recalibrated: August 22, 2008

Calibrated for DASY Systems

(Mote: non-compatible with DASY 2 systeml)

Cartificate Mo: H3-6076_AugD8 Page 3of 9
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Calibration Certificate of DASY

H3DV6 SN:6076 August 22, 2008

DASY - Parameters of Probe: H3DV6 SN:6076

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

a0 al a2
X 2.898E-03  -1.635E4 5.571E-5 £ 5.1 % (k=2)
Y 2.73BE-03  -2.355E-4  2.000E-5 + 5.1 % (k=2)
Z 3.074E-03  4.905E-5 -1.6T3E-4 +5.1% (k=2)

Diode Compression’

DCP X 89 mV
DCPY 93 mv
DCP Z T8 mvV
Sensor Offset {Probe Tip to Sensor Center)
X 3.0 mm
Y 3.0 mm
e 3.0 mm
Connector Angle 80"

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%.

! numarical linaanization paramater; uncariainty not reguired

Certificate Mo: H3-6076_AugD8 Page 4 of 9
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

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

=i
ha

Fraquency response (normalized)
5

==

08
0.8
0.7
0.6
o 500 1000 1500 2000 2500 3000
f [MHz]
— Y —@—TEM —— R22
— =—TEM - 22
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Certificate No: H3-6076_Aug08 Page 5of 9
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

Receiving Pattern (¢), 3 = 90°

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

Receiving Pattern (¢), 3 = 0°

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

Certificate Mo: H3-6076_Augl8 Page 6of 9
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

Receiving Pattern (¢), 3 = 90°

1.0
0.8

vl IR —o— 300 MHz
g'; [T —8— 600 MHz
a'amWnM g
02 aARRER e —=— 1800 MHz
0.4 I . | ] —ir— 2500 MHz
o8 1t

0.8

-1.0
1 7 13 19 25 Eql

Ll

Error [dB]

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

Receiving Pattern (¢), 9 = 0°

1.0
0.8

0.8 ] | 1 11 ]
0.4 ] 1| ] ] ] 1] ] 11 —o— 300 MHz
0.2 — - ] ] ] | 1] ] | —— 800 MHz
0.0 wmm —o—T50 MHz
- J Ml o ool O —m— 1800 MHz
% i A —i— 2500 MHZ
0.8

1.0

L] G0 120 180 240 300

#0]

Error [dB]

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

Cartificate Mo: H3-60TE6_Augl8 Page T of 9
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

Dynamic Range f(H-field)
(Waveguide R22, f = 1800 MHz)

1. E+DE
1.E+05
1.E+4
3
g
e 1L.E+)3
-
5
o
(=
&
1.E+02
1.E+01
1.E+00
0.001 0.0 0.1 1
H [Ajm] at 1800 MHz
—— XY B XY cor ——Z —8— Z corr
2
1
)
=2
E 0
L
=1 +
-2
0.001 0.01 0.1 1
H [Ajm] at 1800 MHz
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cerificate Mo: H3-80T8_Aug08 Page B of 8
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Calibration Certificate of DASY

H3DVE SN:6076 August 22, 2008

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

Error [dB]

I I /]
W-1.00-080  @-080-050  W-0.60-040 B-040-0.20 @-0.20-0.00
O0u00-0.20 @).20-0.40 O0.40-0.50 B0.60-0.80 B0.80-1.00

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

Certificate No: H3-8076_Augl& Page 8 of 8
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Calibration Certificate of DASY
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