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Calibration Laboratory of \\\“\‘@"’/,, [ Schwaeizerischer Kalibrierdienst

Schmid & Partner M c Service suisse d'étalonnage
Engineering AG LN s Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ‘4,6{”/;\‘\‘“\@3 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:

NORMX.y,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 9 & 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)

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 Interpretation of Parameters:

.

NORMx,y, z: Assessed for E-field polarization 8 = 0 for XY sensors and $ = 90 for Z sensor (f < 800 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide).

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

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 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 sefup.

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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ER3DV6 — SN:2262 January 14, 2011

Probe ER3DV6

SN:2262

Manufactured: May 18, 2001
Calibrated: January 14, 2011

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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ER3DV6— SN:2262 January 14, 2011
DASY/EASY - Parameters of Probe: ER3DV6 - SN:2262

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm (u\V/i(V/m)9) 1.54 1.37 1.63 +10.1 %
DCP (mV)® 98.4 99.4 100.8

Modulation Calibration Parameters

uiD Communication System Name PAR A B C VR Une™
dB dB dB mV (k=2)
10000 CcwW 0.00 X 0.00 0.00 1.00 153.0 2.6 %
Y 0.00 0.00 1.00 134.4
z 0.00 0.00 1.00 140.8

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.
B Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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ER3DV6- S5N:2262

January 14, 2011

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

Other Probe Parameters

Sensor Arrangement Rectangular
Connector Angle (°) -148.7
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 8 mm
Probe Tip to Sensor X Calibration Point 2.5mm
Probe Tip to Sensor Y Calibration Point 2.5 mm
Probe Tip to Sensor Z Cafibration Point 2.5 mm
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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:

NORMx,y,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 9§ 9 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, * IEEE 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:
s  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).

v X, Y,Z(f_alala2=X,Y,Z_aOala2* 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 media.

e Axy.z Bxy.z; Cxy,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.

e 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 X_ala7a2 (no
uncertainty required).
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H3DV6 — SN:6086 January 14, 2011

Probe H3DV6

SN:6086

Manufactured: June 1, 2001
Calibrated: January 14, 2011

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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Test report no.: 1-2977-14-03/11

H3DV6-— SN:6086 January 14, 2011
DASY/EASY - Parameters of Probe: H3DV6 - SN:6086

Basic Calibration Parameters

Sensor X Sensor Y Senser Z Unc (k=2)
Norm (A/m / V(mV)) al 2.95E-003 2.80E-003 3.05E-003 +51%
Norm (A/m / V(mV)) EX -1.24E-004 -1.34E-004 -3.17E-004 +51%
Norm (A/m / V(mV)) a2 -3.09E-005 -9.89E-006 9.60E-007 +51%
DCP (mv)® 914 90.8 91.2
Modulation Calibration Parameters
uiD Communication System Name PAR A B ¢ VR Unct
dB dB dB mv (k=2)
10000 CwW 0.00 X 0.00 0.00 1.00 221.3 +2.1%
Y | 0.00 0.00 1.00 228.7
Z | 0.00 0.00 1.00 | 2509

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%.

8 Numerical tinearization 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.
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H3DV6-— SN:6086

January 14, 2011

DASY/EASY - Parameters of Probe: H3DV6 - SN:6086

Other Probe Parameters

Sensor Arrangement

Rectangular

Connector Angle (°) 27.8
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 20 mm
Tip Diameter 6 mm
Probe Tip to Sensor X Calibration Point 3mm
Probe Tip to Sensor Y Calibration Point 3 mm
Probe Tip to Sensor Z Calibration Point 3 mm
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7 SPEAG application note : determination of PMF

28.8 Definition/Determination of the Probe Modulation Fac-
tor

Purpose

The HAC Standard requires measurement of the peak envelope E- and H-fields of the wireless
device (WD}). Para. 4.1.2.1 and C.3.1 of the standard describes the Probe Modulation Response
Factor that shall be applied to convert the probe reading to Peak Envelope Field.

The E-field free space probes (ER3DVx) as well as the H-field probe (H3DVx) are calibrated for
unmodulated (CW) fields. The HAC standard requires calibration for the Field Envelope Peak, a
calibration that SPEAG is currently setting up and that will become available at the beginning of
2006. For the time being, software version V4.6 or later provides the means for DASY4 users to
determine and apply the Probe Modulation Factor (PMF). A step-by-step procedure is provided
in the following. An equivalent but less complete procedure is described in the standard (Para.
4.1.2.1). However, it is advised to use the one described here for accurate results.

Definitions
The Crest Factor (CF) utilized in DASY4 is the inverse of the duty cycle and must be applied for
all TDMA systems.

The Probe Modulation Factor (PMF) is defined as the ratic of the field readings for a CW and
a modulated signal with the equivalent Field Envelope Peak as defined in the Standard (Chapter
C.3.1).

Applicability

According to the Standard the results measured in the scan must be multiplied with the PMF to
obtain the peak values. As long as the probes are not calibrated for specific modulations, the PMF
must be obtained for the following cases:

e bor any H-field scan of any modulation scheme

e Ior any E-field scan other than analog systems, TDMA systems and fully coded CDMA

signals

e For Brfield scans of TDMA systems and fully coded CDMA signals, PMF is equal to the
square root of the CF, i.e., the PMF must not be manually determined.

Schmid & Partner Engineering AG, DASY4 Manual, September 2005 28-16
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Note: The CF shall be applied for any TDMA signal; otherwise the CF is set to 1.

Evaluation Procedure for Unknown PMF

The proposed measurement setup corresponds to the procedure as required in the Standard, Chap-
ter C.3.1.

1. Install a validation dipole for the appropriate frequency band under the Test Arch Phantom
and select the proper phantom section according to the probe type installed (E- or I-field).
Move the probe to the field reference point. (Do not move the probe between the subsequent
CW and modulated measurements.)

2. Install the field probe in the setup.

3. The signal to the dipole must be monitored to record peak amplitude. Set a CW signal to
the same level (e.g., with a directional coupler and a spectrum analyzer in zero span mode
et to the operating frequency). (Resolution bandwidth > signal bandwidth; keep the same
bandwidth and attenuation for CW and modulated signals.)

4. Define a DASY4 document and set the procedure properties (frequency, modulation frequency
and crest factor) according to the measured signal. Define a multimeter job for the field
reading.

[y }

Define a second procedure for the evaluation of the CW signal (frequency set as above,
modulation frequency = 0, crest factor = 1) and a multimeter job.

@ DASY

CcwW MM

Tunable
Amplifier

WD Signal

The HAC measurement procedure is as follows:
1. Modulated signal measurement: Connect the modulated signal using the appropriate fre-
quency via the cable to the dipole.

2. Run the multimeter in the procedure with the corresponding modulation setting in continuous
mode.

2011-03-03 Page 40 of 41




Test report no.: 1-2977-14-03/11

3. Adjust the signal amplitude to achieve the same field level display in the multimeter as during
the WD) field scan. Read the multimeter display and note it together with the probe 1D,
modulation type and frequency.

4. Read the envelope peak on the monitor in order to adjust the CW signal later to the same
level.

5. Switch the signal source off and verify that the ambient and instrumentation noise level is at

least 10dB lower (a factor of 3 in field).

6. CW measurement: Change the signal to CW at the same center frequency, without touching
or moving the dipole or probe in the setup.

7. Adjust the CW signal amplitude to the same peak level on the specirum analyzer.
8. Run the multimeter in the CW procedure in continucus mode.

9. Read the multimeter total field display and note it together with the probe I}, modulation
type and frequency.

10. Calculate the Probe Modulation Factor as the ratio between the CW multimeter field reading

Eow

and the reading for the applicable modulation. Le.,, PMF = FoR and similar for H.

Parfarm the ahave satin and nracadura for hath Fofiald and Hoficld neahes  (Far the Hofisld nenhe
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