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Annex B: Probe and dipole descriptions and calibration certificates

B.1 Probe and measurement chain descriptions and specifications
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DASY Dosimetric Assessment System by Schimid & Partner Engineering AG

H30WE - Isotropic H-Probe

= Hearing Aid Compatibility (HAC) Ext

= Tizsue Simulating Liquids

http://www_dasy4.com/er3 htm

ER3DV6 ISOTROPIC E-FIELD PROBE FOR GENERAL NEAR-FIELD

MEASUREMENTS

" Download Product Flver {PDF, 192kB)

Construction

Calibration
Frequency

Directivity

Dynamic Range

Dimensions

Application

One dipole parallel, two dipoles normal to probe axis
Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g.,
glycolether)

In air from 100 MHz to 3.0 GHz (absolute accuracy +6.0%, k=2)
100 MHz to > 6 GHz; Linearity: + 0.2 dB (100 MHz to 3 GHz)

+ (0.2 dB in air (rotation around probe axis)
+ 0.4 dB in air (rotation normal to probe axis)

2 W/m to = 1000 VW/m; Linearity: + 0.2 dB

Cverall length: 330 mm (Tip: 16 mm)
Tip diameter: & mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.5 mm

General near-field measurements up to 6 GHz
Field component measurements
Fast automatic scanning in phantoms
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DASY Dosimetric Assessment System by Sclumd & Partner Engineering AG

Products

ERZ0VE - Isotmiic E-Prabe

" Hearing Aid Compatibility (HAC) Ext

» Tiszue Simulating Liquids

hitp:/f'www.dasy4.com/h3d htm

H3DV6 3-DIMENSIONAL H-FIELD PROBE FOR SMALL BAND

APPLICATIONS

B Download Product Flver (PDF, 192kB)

Construction Three concentric loop sensors with 3.8 mm loop diameters
Resistively loaded detector diodes for linear response
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g.,
glycolether)

Frequency 200 MHz to 3 GHz (absolute accuracy £ 6.0%, k=2);
Qutput linsarized

Directivity % 0,25 dB (spherical isotropy error)

Dynamic Range
E-Field Interference

Dimensions

Application

10 mA/m to 2 A/m at 1 GHz
< 10% at 3 GHz (for plane wave)

Overall length: 330 mm (Tip: 40 mm)
Tip diameter: 6 mm {Body: 12 mm)
Distance from probe tip to dipole centers: 3 mm

General magnetic near-field measurements up to 3 GHz
Field component measurements

Surface current measurements

Measurements in air or liguids

Low interaction with the measured field
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All measurements were performed to the nearest element point as per the C63.19 standard. Offset
distances were entered in the DASY4 software so that the measurement was to the nearest element.

Figures 1 and 2, provided by the manufacturer, illustrate detail of the probe tip and its dimensions.

ER3DV6 E-Field probe: The distances from the probe tip to the closest points on the dipole sensors are
1.45mm for X and Y and 1.25mm for Z. From the probe tip to the center of the sensors is 2.5mm.

H3DV6 H-Field probe: The distance from the probe tip to the closest point of the X, Y and Z loop sensors
is 1.1mm. From the probe tip to the center of the sensor is 3.00mm.

E —Field
Probe

Nearest
point on
Ih_e probe

1cl
T
Gauge J' T
Top surface of

EUT dipole
Center of
dipole

E-Field Probe (ER3DV6)

H —Field
Probe Nearest
paint on
the probe
() element
ILALLETIE ) T
1em
T
Gauge J'
Top surface of

EUT dipole
Center of
dipole

H-Field Probe (H3DV®6)
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The following information is from the system manufacturer user manual describing the process chain:

The first step of the evaluation i= a linearization of the filtersd nput signal to account for the
compression characteristics of the detector diode, The compensation depends on the input signal.
the diode type and the DC-transmission factor from the diode to the evaluation electromes. If the
exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for
pealk power. The formula for each channel can be given as;

R . " cf
Vi=0L+07F- 20.1)
bodep ( '
with 1 = compensated signal of channel 1 (1= = vy, 2)
(FF, = input signal of channel 1 (1=x v, %)
cf = crest factor of exciting field (DASY parameter)
dep; = diode compression point (DASY parameter)

From the compensated input signals the primary field data for each channel can he evalnated:

. f V;
| o -3 = f
E — fieldprohes : E;, = ‘|, s —
. o3
H — fleldprobes ; H — ‘-..-'t i + gy f + o f
I
with V5 = compensated signal of channel i 1=x v )
Naormy — =en=or sensitivity of channel 1 1=x v )
V(W /m)? for E-field Probes
ConuF = sensitivity enhancement in solution
i = =en=or sensitivity factors for H-field probes
f = carrier frequency [GHz]
E; = electric field strength of channel i in ¥V/m
H; = magnetic field strength of chamnel 1 in A/m

The BSS value of the field components gives the total field strength (Hermitian magnitude):

Eppt = \',.-"E_'f. + EZ2 + E? (20.2)

The measurement / integration time per point is > 500 ms, as per the system manufacturer:

The tune response of the field probes has been assessed by exposing the probe to a well-controlled
field producing signals larger than HAC E- and H-fields of class M4, The signal response time is
evalunated as the time recuired by the syvstem to reach 90% of the expected final valne after an
on/ off switch of the power souree with an integration time of 500 ms and a probe response time of
<hms. In the current implementation, DASY4 waits longer than 100 ms after having reached the
grid point before starting a measarement, 1.e., the response time uncertainty is negligible.

If the device under test does not emit a W signal, the integration time applied to measure the
electric field at a specific point may mtroduce additional uncertainties due to the discretization.
The tolerances for the different syvstems had the worst-casze of 2.6%.
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B.2 Probe and dipole calibration certificates
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdlenst
Sarvice suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

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

cient  RIM Certificate No: ER3-2285 Mar07

CALIBRATION CERTIFICATE

Ohject ER3DVE - SN:2285

Calibration p-ocedurs(s) QA CAL-02.v4 i
Calibration procedure for E-field probes optimized for close near field
evaluations in air i ]

Calibration date; March 12, 2007

Condition of the calibrated item |0 Tolerance

This calibraticn cerfificate docurnents the trzceability to national standards, which realize the physical units of measurements =1
The maasurements and the uncerainties with confidence probability are given on the following pages and are part of the cartificate.

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

Calibration Equipment used (MATE critical for calibration)

| Primary Standards 1o Cal Date (Calibrated by, Cerfificate No.) Scheduled Calibration
Power metar E44198 GB412893874 G-Apr-06 (METAS, No. 251-005857) Aprd7
Power sansor E4412A MY4 1485277 S-Apr-06 (METAS, No, 251-00557) Apr-07
Power sensor E44124 M4 1488087 S-Apr-06 (METAS, Ma. 251-00557) Apra7
Reference 3 dB Attenuator SM; 55054 (3c) 10-Aug-04 (METAS, No. 217-00592) Aug-07
Reference 20 dB Attenuatar SN S5086 (20k) A-Apr-08 (METAS, Mo, 251-00558) Aor-07
Reference 30 dB Atlenuator SM: 55128 (30b) 10-Aug-06 (METAS, No. 217-00583) Aug-07
Feferenca Probe ER3DVE BN: 2328 2-0ct-06 (SPEAG, No. ER3-2328_0ctDE) Ct-07
DAE4 SN 554 21-Jun-06 (SPEAG, Mo. DAE4-854_Jun0g) Jun-07
| Secondary Standards I D # Check Date {in housa) Scheduled Check
RF generator HF BE48C 53642001700 4-Aug-35 (SPEAG, in house check Mov-05) In hawse chack: Noy-07
Metwark Analyzer HP 8T53E 537380585 18-0ct-01 (SPEAG, in house check Oct-08) In howse check: Oct-OF
Marne Funciion Signature

Calibrated by Katja Pokovic Technical Manager fﬁ/’?'
= e e % -
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

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

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

Glossary:

NORMXx,y,z sensitivity in free space

DCP diode compression point

Polarization o i rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-1896, " 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:
* NORMYx,y,z: Assessed for E-field polarization & = 0 for XY sensors and 8 = 90 for Z sensor
(f = 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).

» NORM(f)x,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.

» 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).
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ER3DV6E SN:2285

March 12, 2007

Probe ER3DVG6

SN:2285

Manufactured:

Last calibrated:

Recalibrated:

Calibrated for DASY Systems

(Mote: non-compatible with DASY2 system!)

September 20, 2002

April 27, 2006
March 12, 2007
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DASY - Parameters of Probe: ER3DV6 SN:2285

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

NormX 1.24 £ 10.1 % (k=2)
NormY 1.40 + 10.1 % (k=2)
NormZ 1.58 + 10.1 % (k=2)

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

Fd 2.5 mm
Connector Angle -9 ©

Diode Compression”

DCP X g3 mv
DCPY 93 mv
DCP Z 98 mv

|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

B . R LR e oy e K. IR pranspmamraenn. Mg oy Rear U U 2
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ER3DVE SN:2285 March 12, 2007

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

-
n
|
|
I

=i
=
|

ELY
fad

—
ha

-
Y

Frequency response (normalized)
]

089 — —— ===
08 — ——1=
0.7 4 SRS —
0.6 - — " — —
{:|15 1] — ! ! S—— S—
0 500 1000 1500 2000 2500 3000
f [MHz]
—_—y —8—TEM —|—R22
r— —— TEM —|—R22

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), $ =0°

f =600 MHz, TEM ifi110EXX

f =600 MHz, TEM ifi110EXX

f = 2500 MHz, WG

Receiving Pattern (¢), 8 = 90°

R22

f=2500 MHz, WG R22

=X Y —8=7 —=0—iot
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Receiving Pattern (¢), 9 = 0°

10 - e -

0.8 L1 A b A0,

06 P e——— e ——30MHz
_ 04 T —8— 100 MHz
g 0.2 - —0—B00 MHz
E DOE | —— 1800 MHz
g 02 —&— 2500 MHz

_04 | N S S — — N [N I N A [ S = 1. Mool Giod N T

1 0 I N 0 IO 1 0 ] A

08 ——1— | S S S S S SN S . | | IS8 N S o S S A S I O N T

=1.0 i--4 24 N [ N . |

0 &0 120 180 240 300 aen
$[*

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

Receiving Pattern (¢), 9 = 90°
—0— 30 MHz
= 100 MHz
—4—e00 MHz
—&8— 1800 MHz
j—ESWMHz

0 G0 120 180 240 300 3680

Uncertainty of Axial Isotropy Assessment: + 0.5% (k=2)
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Sensor Voltage [V]

Error [dB]

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

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

March 12, 2007
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Deviation from Isotropy in Air
Error (¢, 8), f=900 MHz

Error [dB]

B-1.00--0.80 8-0.80--0.60 @-0.60--0.40
00.00-0.20 B0.20-0.40 O0.40-0.60

B-040-020 H©-020-000 |
@0.60-0.80 m0.50-1.00

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

Sehwaizarizcher Kalibrierdienss
Sarvice sulsse d'etalannage

Servizio svizzoro di taratura
Swigs Calibratbon Service

Engineering AG
Zeughausstrasse 43, 2004 Zurich, Switzorland

Averadiled by the Swiss Faderal Offina of Matrakgy and Ascrediiaton kcoreditation No.: SCS 108
Tha Swiss Accreditation Service is one of the signatories to the E&

Multilatzral Agreement for the recegnition of calibration cortificatss

cient  RIM

CALIBRATION CERTIFICATE

Cearfficats Mo: H3-6105_Nov0E

Cjoct H3DVE - SM:E105

Calibration procsduns{s) QA CAL-03004 ; ] - ; S s :
Calibration procedure for H-field probes optimized for close near field
evaluations in air

Calibration dale: Movember 15, 2006

Cordditicn of the calinrated item I Tolerance

Thés calbration comicla decumeants e racestdity o nationsd siandards, whizh resize the physical ungs of maasuromonts (51).
Tha massuremants and iha uncaraintes with confidanca probatlity am ghvon an the Tollawing pages and are pan of e ceniicale,

Al caibeations have baen conducted in the closed laboratory Tacilmy: ervirorment temporahane (22 £ 35°C and humidity < T0%,

Galitration Equipment used (METE criical far calisration)

Frimary Slanbands |IDa Cal Data (Calibratad by, Candizale Ko ) Scneduled Caiibration

Paowai maler E44198 GR41253874 S-Api-08 [METAS, Mo, 2541-D0AET) AprhF

Power sensar Fad1 38 MYL149557FT Abinr-06 (METAS, Mo, 259-D055T) Apr-07

Pawsr senzor Ed4124 MY41498087 S-Apr-06 (METAS, Mo, 257-D055T) Apr-0F

Refergncs 3 dB Atlenuasar SM: 25054 (30) Vi-Aug-D6 (METAZ, Mo, 217-0055) Suglr

Heforanco 20 4B Attonuaior SM: S5006 (200} d-far-08 IMETAS, Na. 257-00558) Agpr-0F

Refaranca 30 4B Altenuator S 25129 (300} 10-Aug-05 (METAS, Mo, 217-00583) Aug-oT

Eefarance Proba HIDWE | BN B182 2-0cE085 (SPEAG, Mo, H3-B1482 Doiia) Oct.07

DAEL | SN: B54 21eJun=-DE (SPEAG, Mo, DAEL-654_JundE) Jun07

Bapondary Stancards . Iz Cheek Date (in howsa) )  Eonnduled Check

RF genarabor HF BE480 | US3642001 700 4-20g-38 [SPEAG. in house chack MNov-15) In hoaise chnck: MoV
| Network Anatyzer HP 8751E | usaTaansss 180101 (SPEAG, imhouse chack Col-0E) In house check: Oct-07
|
| Heme Function
| Calisrated by Katja Pakavic Texhnical Marager i
| +
| Approved by Migls Huster Quglity Managar

Issued: Howvember 15, 208
Thizs calibration cerificate shall not be reprocuced axcapt in'full withou! wrilen appraval of tha laboratony

Cerlificate Mo: H3-6105_Now(8 Pago 1ol &
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Schwelzerscher Kalibrierdiensi
Service suisse d'éalonnags
Servizio svizzara dl 1aratura
Swiss Colibration Servico

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 42, 8004 Zurich, Switzerland

Accrockted b tho Swiss Fodaml Office of Motrology and Accreditation Accraditation Ho.: SC3 108
The Swiss Accroditation Servica i one of the signatarfes to the EA
Muttilataral Agreemant far the recognition of calibration cerificales

Glossary:

MORM:x, .z sensifivity in free space

DCP diode compression point

Polarization o rotation around probe axis

Polarization & # rotation around an axis that is in the plans normal fo 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 1309-1986, " 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 X Y.Z alalaZ Assessed for E-field polarzation $ = 90 for X sensors and 8 =0for £
sensor (f = 800 MHz in TEM-call; f > 1800 MHz: R22 waveqguide).

o XY, Z(fl_alala2= XY, Z_alala2* frequency_response (see Frequency Response Chart).

« DCPyy,z DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCF does not depend on frequency,

«  Sphercal isofropy (30 deviation from isotropy): in a locally homogeneous field realized
using an opan waveguide setup.

& Sansor Offset: The sensor offset comesponds to the offset of vinual measuremeant center
from the probe tip (on probe axis). Mo tolerance required,

=  Connector Angle: The angle is assessed using the information gained by determining the
X_alataz (no uncertainly requirad).

Cerificate Mo: H3-6105_Nowls Page 2of 8
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Manufactured: January 4, 2002

Last calibrated:

Calibrated for DASY Systems

(Mobe: non-compatible with DASY 2 systam!)

Cortifizala Na: H3-8105 _Novb Pago 1ol 8

Movember 11, 2005
Recalibrated: MNovember 15, 2006

November 15, 2006
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DASY - Parameters of Probe: H3DV6 SN:6105

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

al al a2
b 2,8B9E-03 9.376E-5 -2.55TE-5 £ 5.1 % (k=2)
Y 2. 559E-03 1.600E-4 -2.9T2E-5 £ 5.1 % (k=2)
z 2.930E-03  1.211E6 -1.970E-5 £ 5.1 % (k=2)

Diode Compression’

DCP X 87 mv
DCP 87T mv
DCPZ B7 mv
Sensor Offset (Probe Tip to Sensor Canter)
X 3.0 mm
b 3.0 mm
zZ 3.0 mm
Connector Angle -89 *

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%.

! mumen sl Gresrization parametan wosarainty not raquired

Cadificala Mo H3-6105_Nov0s Page 4 of 8
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H3DVE SN:6105

Movember 15, 2006

Cartilicals Moo HEE105 NowDd

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

]

Freqgquency response (normalized)

E=]1
ol

[ Il | 5.
06 ! :
0 500 1000 1500 2000 2500
1 [MHz]
! —8—TEM —&—R22
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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