Probe Calibration(H-field)
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Glossary:
NORMu«.y 2 sansitivity in free space
oCcP dinde compression point

Polarization ¢ i rotation around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at
measurameant 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 1308-2005, * IEEE Standard for calibration of slectromagnetic field sensors and
probes, excluding antennas, from 9 kHz to 40 GHz", December 2005,

Mathods Applied and Interpretation of Paramaters:
« XYZ alata2: Assessed for E-field polarization & = 80 for XY sensors and & =0 for 2
sensor (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguida).
o XYZMN alata2= X Y.Z alaia2® frequency_response (see Frequency Response Chart).
= DCPx.y.z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequancy.

« Spharical isotropy (30 deviation from isotropy): in a locally homogeneous field realized
using an open waveguide satup.

« Sensor Offset: The sensor offsat corresponds 1o the offset of virtual measuremant canter
from the probe tip (on probe axis). No olerance required.

« Connector Angle: The angle is assessed using the information gained by determining the
X abalaZ (no uncertainty required).
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H3DV6 SN:6187 April 20, 2007

Probe H3DV6

SN:6197

Manufactured: April 18, 2006
Last calibrated: May 16, 2006
Recalibrated; April 20, 2007

Calibrated for DASY Systems
(Mist: non-compatibla with DASY2 gyabem!)

Cortificaim Mo: H3-8107_Apr07T Page 1 of B



H3DVE SN:6187

DASY - Parameters of Probe: H3DV6 SN:6197

Sensitivity in Free Space [A/m | v(uV]]

a0
X 2 363E-03
Y 2.333E-03
Z 2.7T7E-03
Diode Compression’
DCP X B5 mv
DCP ¥ 85 mv
DCP Z 85 mv
Sensor Offsel
X
¥
z
Conneclor Angle

al a2

14124 9.113E5 + 5.1 % (k=2)
2.203E-4  9.588E-5 + 5.1 % (k=2)
7.033E-5  7.586E-5 + 5.1 % (k=2)

(Probe Tip to Sansor Center)

3.0 mm
3.0 mm
3.0 mm

=201 °

April 20, 2007

The reported uncertainty of measurement is stated as the standard uncertainty of
{measurament multiplied by the coverage factor k=2, which for a normal distribution

corresponds to a coverage probabllity of approximately 95%.

'mlmmwmm
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H3DVE SN:6197 April 20, 2007

Frequency Response of H-Field
(TEM-Cell:ifi110, Waveguide R22)
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Uncertalnty of Freguency Responss of E-fleld: £ 6.3% (k=2)
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H3DVE SN:6197 April 20, 2007

Receiving Pattern (4¢), 3 = 90°

f =300 MHz, TEM i1 10EXX f= 2500 MHz, WG R22

Receiving Pattern (¢), 3 = 0°

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

=E=A ey =l -0 ——% —8=Y —8-Z -O—ioi
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H3DVE SN:6187 April 20, 2007

Receiving Pattern (¢), 5 = 90°
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H3IDVE SN:6197 April 20, 2007

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

Probe Modulation Factor

Measurement procedure

L

10.

11.

Modulated signal measurement: Connect the modulated signal with the correct frequency via the cable to
the dipole.

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

Adjust the signal amplitude to acheive 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 ID,modulation type and frequency.

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

Switch the signal source off and verify that the ambient and instrumentation noise level is at least 10dB
lower.

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

Adjust the CW signal amplitude to the same peak level on the monitor.
Run the multimeter in the CW procedure in continuous mode.
Read the multimeter display and note it together with the probe ID, modulation type and frequency.

Calculate the Probe Modulation Factor as the ratio between the CW multimeter field reading and the reading
for the applicable modulation.

Perform the above setup and procedure for E-field and H-field probes.

Spectrum Analyzer setting.

1. Frequency Setting

ex) 835 MHz, 1880MHz, 2450 MHz
2. RBW/VBW/SPAN/Detector Setting.

cw GSM CDMA WCDMA AM 80%

RBW 1 MHz 3 MHz 5 MHz 1 MHz

Same setting with

VBW 1 MHz 3 MHz 5 MHz 1 MHz
modulated signal

SPAN respectively. 0 MHz 0 MHz 0 MHz 0 MHz

DETECTOR Peak Average Average Peak

3. Trigger: Video or IF trigger, adjusted to give a stable display of the transmission
4. Sweep rate: Sufficiently rapid to permit the transmit pulse to be resolved accurately.



APPENDIX B

&ILLT

ANSI C63.19 (2006)- Telephone near-field categories.

Category Telephone RF Parameters <960MHz
Near Field AWF E-Field Emissions H-Field Emissions
0 631.0 to 1122.0 Vim 1.91t0 3.39 A/m
Category M1/T1
-5 473.2t0 841.4 Vim 1.43t0 2.54 A/m
0 354.8 t0 631.0 Vim 1.07 to 1.91 A/m
Category M2/T2
-5 266.110473.2 Vim 0.80to 1.43 A/m
0 199.5 to 354.8 Vim 0.60 to 1.07 A/m
Category M3/T3
-5 149.6 to 266.1 Vim 0.45 to 0.80 A/m
0 <199.5 Vim <0.60 A/m
Category M4/T4
-5 <149.6 Vim <045 A/m
Category Telephone RF Parameters >960MHz
Near Field AWF E-Field Emissions H-Field Emissions
0 199.5 to 354.8 Vim 0.60 to 1.07 Alm
Category M1/T1
-5 149.6 to 266.1 Vim 0.45t0 0.80 A/m
0 112.2 to 199.5 Vim 0.34 t0 0.60 A/m
Category M2/T2
-5 84.1 to 149.6 Vim 0.25t0 0.45 A/m
0 63.11t0 112.2 Vim 0.19t0 0.34 A/m
Category M3/T3
-5 47.310 84.1 Vim 0.141t00.25 A/m
0 <63.1 Vim <0.19 A/m
Category M4/T4
-5 <47.3 Vim <0.14 A/m

Table B.1 Telephone near-field categories in linear units.



Category Telephone RF Parameters <960MHz
Near Field AWF E-Field Emissions H-Field Emissions
0 56 to 61 dB (V/m) +5.6 t0 +10.6 dB (A/m)
Category M1/T1
5 53.5 0 58.5 dB (V/m) +3.1t0 +8.1 dB (A/m)
0 51 to 56 dB (V/m) +0.6 to +5.6 dB (A/m)
Category M2/T2
5 48.51053.5 dB (V/m) -1.9t0 +3.1 dB (A/m)
0 46 to 51 dB (V/m) -4.41t0+0.6 dB (A/m)
Category M3/T3
-5 43.5t048.5 dB (V/m) -6.9t0-1.9 dB (A/m)
0 <46 dB (V/m) <-44 dB (A/m)
Category M4/T4
5 <435 dB (V/im) <-6.9 dB (A/m)
Category Telephone RF Parameters >960MHz
Near Field AWF E-Field Emissions H-Field Emissions
0 46 to 51 dB (V/m) 441006 dB (A/m)
Category M1/T1
-5 43.5t048.5 dB (V/m) -6.9t0-1.9 dB (A/m)
0 4110 46 dB (V/im) 9410-4.4 dB (A/m)
Category M2/T2
5 38.5t043.5 dB (V/im) -11.910-6.9 dB (A/m)
0 36 to 41 dB (V/im) 14410-94 dB (A/m)
Category M3/T3
5 33.51038.5 dB (V/m) -16.9t0-11.9 dB (A/m)
0 <36 dB (V/m) <144 dB (A/m)
Category M4/T4
-5 <335 dB (V/m) <-16.9 dB (A/m)

Table B.2 Telephone near-field categories in logarithmic units.



APPENDIX F

Calibration of The Validation Dipole
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References

(1

ANSI-C63.19-2006
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 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 other
axes. In coincidence with standard [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 details 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 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 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 DASY4 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 HP 8753E Vector
Network Analyzer. The impedance is specified at the SMA connector of the dipole. 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- 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], 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 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-parallelity 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 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 dipole 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 DASY4 V4.7 B53

DASY PP Version SEMCAD V1.8 B172
Phantom HAC Test Arch SD HAC P01 BA, #1002
Distance Dipole Top - Probe Center 10 mm

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

Frequency

835 MHz + 1 MHz

Forward power at dipole connector

20.0 dBm = 100mW

Input power drift <0.08dB
2 Maximum Field values
H-field 10 mm above dipole surface condition interpolated maximum

Maximum measured

100 mW forward power

0.451 A/m

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

E-field 10 mm above dipole surface

condition

Interpolated maximum

Maximum measured above high end 100 mW forward power 165.5 V/im
Maximum measured above low end 100 mW forward power 162.0 V/im
Averaged maximum above arm 100 mW forward power 163.5 Vim
Uncertainty for E-field measurement: 12.8% (k=2)
3 Appendix
3.1 Antenna Parameters
Frequency Return Loss Impedance
800 MHz 16.7 dB (43.8 —j12.4) Ohm
835 MHz 25.9dB (52.0 + j4.7 ) Ohm
900 MHz 16.6 dB (56.0-j14.7 ) Ohm
950 MHz 22.8dB (454 +j5.2 ) Ohm
960 MHz 18.3dB (51.2+j12.3) Ohm

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geometry with a built-in two stub matching network, which leads to the

enhanced bandwidth.

The dipole is built of standard semirigid coaxial cable. 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.
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3.3 Measurement Sheets

3.3.1 Return Loss and Smith Chart

21 Mar 2807 12:32:02

CH1 $Si11 LOG S5 dB-REF -15 dB 2:-25.%44 dB 835.666 600 MHz
*
—-——..-—_\\ /*‘— ~ CH1 Markers
] 1:-16.652 dB
Cor \\ / £00.800 MHz
] \ 1/ 3:-16.551 dB
A /..E K 906.600 MHz
T3/ 3 b 4:-22.810 dB
3 =22,
\‘ \ﬁ 950,008 MHz
Avg 4
16 5:-18.325 dB
960.800 MHz
H
11 41 U FS 2:52.614 ¢ 4.7363 0 90277 pH 835.090 000 MHz
Del CH2 Markers
1: 43,770
Cor -12.432 0
800.660 MHz
3t 56.827
-14.736
908.0080 MHz
4: 45,443 0
fes 5.3076 o
9506.000 MHz
S5t 51.154
12,385 o
968,600 MHz

START 335.080 086 MHz . . STOP 1 335.000 000 MHz
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3.3.2 DASY4 H-field result
' Date/Time: 19.03.2007 16:02:47

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: HAC-Dipole 835 MHz; Type: CD835V3; Serial: 1021

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

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

Phantom section: H Dipole Section

DASY4 Configuration:

Probe: H3DV6 - SN6065; ; Calibrated: 27.12.2006

Sensor-Surface: (Fix Surface)

Electronics: DAE4 Sn903; Calibrated: 31.08.2006

Phantom: HAC Test Arch 4.6; Type: SD HAC P01 BA; Serial: 1002

Measurement SW: DASY4, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

H Scan - Sensor Center 10mm above CD835 Dipole/Hearing Aid Compatibility Test (41x361x1):
Measurement grid: dx=5mm, dy=5mm

Maximum value of peak Total field = 0.451 A/m

Probe Modulation Factor = 1.00

Reference Value = 0.477 A/m; Power Drift = 0.016 dB

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

Peak H-field in A/m

Grid1 |Grid2 |Grid3
0.35810.399]0.390
Grid4 |Grid5 |Grid6
0.41510.4510.438

Grid7 |Grid8 |Grid9
0.371]0.397]0.384

dB
0.000

-4.46

-13.4

-17.8

0 dB=0.451A/m
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