Test Resuit

Mode:800MHz Analog
Fraquency | <Left position> <Hight position>

Extended Retacted -~ |Extended Retracted
824MHz 0.773 MW/ 1.13 mW/g 0.708 mW/g 1,02 mW/g |
836MHz 0.751 mWig 1.0 mW/q | C.815 mWj/ 111 mWig |
848MHz 0.513 mw/ 0.919 mWig 0.472 mWig 0.851 mW/g
Mode:800MHz Digital

requency |<Left position> <Hight position>

Extended Retracted E?tgﬁed Retracted
824MHz 0.466 mWig | 0.663 mW/ 0.442 mW/g 0.637 mW/g |
[B36MHz 0,383 mMW/g | 0548 mW/g | _ 0.394 mW/ 0.58 mW/g
849MHz 0.29 mW/ 0.504 mW/g mw/g 0.486 mW/g
Mode: 1900MHz Digital
Frequency [<Left position> <Right position>

Extendad Retracted Extended Retracted
1850MHz 0.'_{66 mwjg 0.923 m\W/ig 0.651 mWiq 0.823 mW!g
1880MHz 0.717 mWig | 0.939 mW/g 0.618 mWig 0.769 mWw/qg |
1910MHz 0.812 mw/g 1im 0.724 mW/g 0.867 mW/g .
Temperature:22 degrees C
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SAR was measurad with the DASY3 system show in Figure 5.7 1.

Probe: ET3DV5-SN1340

Data Acquisition: DAEJISN346.

Medium: Brain 800MHz

Device: MT253XFORGA

Phantom:; Generic Twin
Frequency(MHz} 824 836 849
& rpsrmittivity) 40.48 40.23 39.86
o (conductivity:mho/m} 0.705 0.712 0.72] -

Probe: ET3DV5-SN1340

Data Acquisition: DAE3SN340 .

Medium; Brain 1800MHz

Device: MT253XFORGA

Phantorn: Generic Twin
Frequency(MHz) 1850 1880 1910
& ripermittivity) 37.41 37.34 37.03
= (conductivity:mhe/m; 1.86 1.89 1.94
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Schmid & Partner
Engineering AG

Staffelstrasse 8, 8045 Zurich, switzeriand, Telefon +41 1 260 08 &0, Fax +411 280 0B 64

Calibration Certificate -

900 MHz System Validation Dipole

Type:

- Qerial Number:

Place of Calibration:

Date of Calibration:

Calibration Interval:

Schmid & Partner Engineering AG hercby certifies, that this device has been calibrated
on the date indicated above. The calibration was performed in accordance with
specifications and procedures of Schmid & Partner Engineering AG.

Whereever applicable, the standards used in the calibration process are traceable to
international standarcs. In all other cases the standards of the Laboratory for EMEF and
Microwave Electronics at the Swiss Federal Institute of Technology (ETH) in Zurich,
Switzerland have been applied.

Calibrated by:

Approved by:
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Schmid & Partner
Engineering AG

Staffelstrasse 8. 8045 Zurich, Swi

txertand, Telefon +41 1 280 08 60, Fax +41 1 280 08 &4

DASY
Dipole Validation Kit

Type: D900V2
Serial: 027

Manufactured:  December 1997

Calibrated: ~ January 1998~ /
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1. Messurement Conditions

The measurements were performed in the flat section of the new generic twin

phantom (shell thickness 2mm) fi i+ brain simulating sugar solution of the
following electrical parameters at 900 MHz: _
— e e -~
Relative Dielectricity 423 + 5%
Conductivity 0.85 mho/m 1 5%

The DASY3 System (Software version 1.0a) with a dosimetric E-field probe ET3DV4
(SN:1302, Conversion factor 5,5) was used for the measurements.

The dipole was mounted on the small tripod so that the dipole feedpoint was
positioned below the centre marking of the flat phantom section and the dipole was
oriented parallel to the body axis (the long side of the phantom). The standerd
measuring distance was 15mm from dipole centre to the solution surface. The
included distance holder was used during measurements for accurate distance
positioning.

The coarse grid with a grid spacing of 15mm was aligned with the dipole. The 5x5x7
fine cube was chosen for cube integration. Probe isotropy errors were cancelled by
measuring the SAR with normal and 90° turned probe orientations and averaging.
The dipole input power (forward power) was 250mW +3 %. The results are
normalised to 1W input power.

2. SAR Measurement

Standard SAR-measurements were performed with the phantom according to the
measursment conditions described in section 1. The results have been normalised to a
dipole input power of 1W (forward power). The resulting averaged SAR-values are:

A

averaged over 1 cm” (1 g) of tissue: 9,32 mW/g /--

averaged over 10 em’ (10 g) of tissuc: 6.12 mW/g

Note: If the liquid parameters for validation are slightly different from the ones used
for initial calibration, the SAR-values will be different as well. The estimated
sensitivities of SAR-values and penetration depths to the liquid parameters are listed
in the DASY Application Note 4. ‘SAR Sensitivities’.

Gd 00D ) ) IEW 00TH 0Ze W 918 v LLHYZHE X666




3. Dipole Impedance and return loss

The impedance was measured at the SMA-connector with a network analyser and
numerically transformed to the dipole feedpoint. The transformation parameters from
the SMA-~connector to the dipole feedpoint are:

Electrical delay: 1.406 ps  {one direction)

Transmission factor: 0.987 (voltage transmission, one direction)

The dipole was positioned at the flat phantom sections according to section 1 and the
distance holder was in place during impedance measurements.
Feedpoint impedance at 900 MHz: Re{Z}= $50.040Q
Im {Z} = -0.01 0

Return Loss at 900 Miiz - 545 dB

4, Handling

The dipole is made of standard semirigid coaxial cable. The centre conductor of the
feeding line is directly connected to the second am of the dipole, The antenna is
therefore short-circuited for DC-signals.

Do not apply excessive force to the dipole arms, because they might bend. If the

dipole erms have to be bent back, teke care to release stress to the soldered
connections near the feedpoint; they might come off.

After proionged use with 100W radiated power, only a slight warming of the dipole
near the feedpoint can be measured.

L
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Schmid & Partner

Engineering AG

e 8OO

Staffulstrasse 8, 8045 Zurieh, Switzerland, Talefon +41 1 2B0 08 60, Fax +41 1 200 08 &4

Calibration Certificate

1800 MHz Sjstem Validation Dipole

Type:

Serial Number:

Place of Calibration:

Date of Calibration:

Calibration Interval:

Schmid & Partner Engineering AG hereby certifies, that this device has been calibrated
on the date indicated above. The calibration was performed in accordance with
specifications and procedures of Schrmid & Partner Engineeting AG.

Whereever applicable, the standards used in the calibration process are traceable to
international standards. In all other cases the standards of the Laboratery for EMF and
Microwave Electronics at the Swiss Federal Institute of Technology (ETH) in Zurich,

Switzerland have been applied.

Calibrated by:

Approved by:
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Schmid & Partner
Engineering AG

5 Zurich, switzerland, Telafon +41 4 280 OB 60, Fax +41 1 280 08 &4

staffeistrasse 8, BO4

DASY3
Dipole Validation Kit

Type: D1800V2
Serial: 222 |

Manufactured: December 1997
Calibrated; January 1998
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1. Measprement Conditjons

The measurements were performed in the flat section of the new generic twin

phantom (shell thickness mm;?uxm simulating sugar solution of the
following electrical parametefs at 1800 MHz:

—

Relative Dielectricity 39.5 1 5%
Conductivity 1.70 mho/m £ 10%

The DASY3 System (Software version 3.0b) with a dosimetric B-field probe ET3DV4
(SN:1302, conversion factor 4.6) was used for the measurements.

The dipole feedpoint was positioned below the centre marking and oriented parallel
10 the body axis (tbe long side of the phantom). The standard measuring distance was.
10mm from dipole centre to the solution surface. The included distance holder was
used during measurements for accurate distance positioning. :

The coarse grid with a grid spacing of 15mm was aligned with the dipole. The 5x5x7
fine cube was chosen for cube integration. Probe isotropy errors were cancelled by
measuring the SAR with norme] and 90° turned probe orientations and averaging.
The dipole input powet (forward power) was 250mW + 3 %. The resulis are
normalised to 1W input power.

u (4

Standard SAR-measurements were performed with the head phantom according to the
measurement conditions described in section 1. The results (see figure) have been
normalised to & dipole input power of 1W (forward power). The resulting averaged

SAR-values are:
v
averaged over 1 cm’ (1 g) of tissue: 39.4 mW/g
averaged over 10 e’ (10 g) of tissue: 19.9 mW/g

Note: If the liquid parameters for validation are slightly different from the ones used
for initial calibration, the SAR-values will be different as well. The estimated
sensitivities of SAR-values and penetration depths to the liquid parameters are listed
in the DASY Ap;‘alication Note 4. ‘SAR Sensitivities'.

4
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The impedance was measured at the SMA-connector with a network analyser and
numerically transformed to the dipole feedpoint. The t_ransfomaﬁon parameters from
the SMA-conniector to the dipole feedpoint are:

Electrical delay: 1.193 ns  (one direction)

Transmission factor: 0.990 (voltage transmission, one direction)

The dipole was positioned at the flat phantom sections according to section 1 and the
distance holder was in place during impedance measurements,
Feedpoint impedance at 1800 MHz: Re{Z)} = 4980
Im {Z} = "'1-0 ﬂ

Retmn]..ossatlSOOM-Iz -39.6dB

4 Handling

The dipole is made of stendard semirigid coaxial cable. The centre conductor of the
feeding line is directly connected to the second arm of the dipote. The antenna 1s
therefore short-circuited for DC-signals.

Do not apply excessive force 10 the dipole arms, because they might bend. If the
dipote arms have to be bent back, take care to release stress to the soldered
connections near the feedpoint; they might come off.

After prolonged use with 40W radiated power, only a slight warming of the dipoie
near the feedpoint can be measured. :
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schmid & Partner Enginsering AG

3.5 Field Scans, Documents

Select ‘Flle New' to create a new measuremsnt document. The document

hes two pages, a ‘Settings’ — page and a 'Jobs’-page. _

,.,... P P PO P T LT ) “ P PP T e - T'w ‘S&ﬂingsi-page displays
o PR i the measurement date,

measurement number and

measurement environment.

Each measuremeant
document is limited to a set
of one of each of the
following: probe, data
acquisition, medium, and
phantom. {(e.g. for tiwo
different frequencies two
measurement  documents
are required).

When a measurement document is opened thé configuration of the setup are
copied into the document and continually updated unrll the actual
measurament has been performed.

Pressing ‘Option’ displays the parameters of each resource.
Any written comment can be entered into the ‘Comment’ field.

e P 4 The 'Jobs’-page contains a

L el 21 fist of the various tasks that
have to be performed for a
given measurement. The
example shows the first task
to be a reference
measurement above the
device point (Reference),
1 "search for a maximum
(Coarse), and then two cube
gcans {o determine average
SAR-values; and finally a z-

’ )
B R RS D R w

Lt e T TR A X L Axis measuremant followad
yup by a drft measurement to check the power drift of the device. An
explantion of the jobs is given in the next chapter.

Jobs can be removed with the ‘Delete’-Key.

Manuai DASY3 V1.0 55
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Schmid & Partner Enginesring AG

3.5.1 Scans

The position enables automated fleld scans to be made along fines, across
planes or within volumes. The field is measured at discrete points, and the
raw data from the probe is stored togethsr with the position information from
the robot and ali Involved calibration parameters.

A field scan can be defined as a free space scan or can be related to a
phantom using automatic gid adaptation to the phantom boundary,
autornatic detection of the phantem surface, etc.

To start scans or jobs select the scans to measure and select ‘Job Start’. A
dialog wil display a statistics of the scan (estimated time, values of last
measured point). Pressing the ‘astop’ ~ button will stop the current scan, and
the perceniage of the points measured will be shown. A scan can be
resumed if ‘Job Start' ia pressed again.

New Scans (and Jobs) can be inserted with
the ‘Job Scan ..' menu. Scans can be
insertead depending on the measuring setup
(e.g. Temperature scan is not passible with
an E-fleld probe).

Manual DASY3 V1.0 58
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Schmid & Partner Enginsering AG

3.5.1.1 Coarse Scan

Coarse scans ans used for the quick measurement of the fleid distribution In a
wider area and the determination for the interpolated maximum.

In the ‘Scan’-page of the section, the grid to measure and the measurement
profile (time and accuracy settings) have to be sslected (current section and
grid are displayed-on the right).

If you press option the parameters of the section, grid and measurement
profie can be examinsd at and changed (see Phantom, page 33 and
Measursment Profies, page 31). To define new grids for coarse scan
measurements change to the phantom setup.

Maruml DASY3 V1.0 87
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Schmid & Partner Englneering AG

if a device wih graphics has been defined the parameters for the device
position can be defined:

|
i
i
|
i
|
Fi Grid coordinate angle and offset with respect to the reference point and
1 direction are defined in the grid menu (e.g. if you want to have the grid the
same alignment as the device, the tited angle of the device position should
ﬁ , correspond to the grid rotation).
/\ ,.:wm
[clockwipsor
coyntarciockwies)
Saciion referenica Ine
Device refersnce e Saction referanca peint (sar osnter)

The referance point of the section determines the location of the device in the
graphics. Device angles can ba changed for each scan.

Example positions: _
Position horizontal angle titad angle
intanded use 80° 65°(Ct)
touching position until touching head (<80°) 65° (C1)
100° position 100° 65° (C1)
30° tilted position 90° 35° (C2)
Manual DASY3 V1.0 58
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Schmid & Partner Enginssring AG

The davice wili be shown below the reference point of the section.
distance can be calculsted approximately as follows:

PFrobe

/

) Sansor offest
Tip surtaca d s tance

/ Prota calibration point
() uar

Davica
rfamnce point
{budspasker opuring)

Davice nference Ine

Probe dipole point to surface of phantom (1): cad mm
(Depands on how the device point was teached

Thickness of phantom shefl (2). . : 2mm
Thickness of ear (3). 2mm
Distance of device sar point to phantom (4): 0omm
(Depending on position of device) ‘
Total g mm

i the device should be shifted, change the device reference point (e.g. if a
free space grid should be centered at the antenna feed point, use the
antenna feed point as device refarance point and shift the ear canter position
1o the antenna feed point).

If anly small shifis are needed you can add a shift in x-direction and y-
direction (Note: coortinate system is that of the phantom for these
distances).

Manual DASY3 V1.0 - 88
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3.5.1.2 Cube Scan (4x4x7, 5x5x7)

Cuba Scans are used to determine the averaged SAR-distribution for 1g angd
10g. These two scans (Cube 5x5x7 whole frequancy range, Cube 4x4x7
frequency smaller than one 1 GHz) can only be used when an E-field probe is
selected and the medium le a tissue simulating fiquid.

If you press '‘Options’ on the grid page, the following dialog is displayed:

.,

i If ‘Last evaluated maximum’ Is checked, the cube will be centered at the last
it A evaluated maximumn in & previous scan and the surface delection parameters
- will be adjusted accordingly. An additonet probe rotation can be added (e.g.
see System Validation, page 72).

. & if a cube has to be measured at the current position or reference point the
3 grid angle and surface detection have to be adjusted.

Manual DABY3 V1.0 ' 8a
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Schmid & Partner Enginesering AG

3.5.1.3 Reference and Drift scan

DASY3 supports the measurament

of the power drift of the device over

different scans. To measure the power drift, the reference scan has to be first
selected. If you press options on
displayed:

To rmeasure the power drft add
measurement scan. A reference scan
probe wili move to the same location of the reference scan and then the
difference In dB of the previous and the current values will be calculated.

the grid page, the following dialog is

The power reference
maeasuremant will
move the probe the z-
distance (e.g. 10 mm)
above the reference
point of the section.
Therefore it is
important  that the
reference point has
been chosen at the
proper height.

the drift scan after the end of the
has to be inserted previousty. The

Refwarcs 824Vim
Coass Mas &t 450 520,39
Eaﬁﬂuh? smgn; D380 friw/gl SAR (10g 0226 {miwégl
Cube 5547 SAR (15} 01388 [mw/5). SAR [10gk 0275 Imwigl
D Q7
Refvrarce B50 Vi
oL - ANE
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Schmid & Partner Engineering AG

5. TECHNICAL INFO

The following chapters are appended to the User manual to add a deeper
understanding of how DASY3 works, and what steps are necessary to
guarantee exact measurements.

Data Evaluation

Cube Evaluation

Software Verification

Grounding Problems

Recipes For Brain Tissue Simulsting Liquids

Manual DASY3 V1.0 73
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Schmi¢ & Partner Enginsering AG

5.1 Data Evaluation

The first step of the evaluation is a linearization of the fiterad input signal fo
account for the compression characterdstics of the detector diode. This
compensation depends on the input signal, the dicde type and the DC-
transmission factor from the diode to the evaluation elactronics. If the exciting
field 18 pulsed, the crest factor of the signal must be known to correctly
compensate for the peak power, The formula for each channel can be given

as;
v,=U,+U} g
dep,
with V, = compensated signal of channeli  {i = xy.2)
U{uv] = input signal of channel | (i=xy.2)
cf = creat facior of exciting field _
(DASY parameter)
dcp. = diode compression point in mV
(DASY parameter)

From the compensated input signals the primary field data for each channel
can be evalualed as folows, depending on the probe type:

g ; { 2
B E = ¥, H,=Jﬁ-m+aﬂf+anf
128 Norm, - ConvF f

il

- with V,  =compensated signal of channell (I=xy.z)
= - B Norm, = ssnsor sensitivity of channei | (i=xy2)
uV/(V/m)? for E-field Probes

3¢ o = sensor senskivity at 1 GHz for H-fiek! probes
ConvF = sensitivity enhancement in solution

4 f = carrer fraquency [GHz]
i E = glactric field strength of channel iin V/m

‘;‘; ‘ H = magnetic field strength of channe! | n A/m

f The total field strengih (Hermitic magnitude) can be calculated by taking the
; 4 RSS value of the field companents,

k) E,=JE +E’+ £

g

i The primary field data are used to caiculate the derived fleid units.

%1

‘-1 a

B SAR=E?:

Manual DASY3 V4.0 74
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Schmld & Partner Engineering AG

wih SAR = local specific absorption rate in mWig
By = total field strangth In V/m
o = solution conductivity in Siemens {mho)
p = golution density In g/em’

Note that the density is normally set to 1 (or 1,06), to account for the actual
brain density. (Parameter simulating tissue density).

The power flow density is calculated assuming the exciting field to be a free

space field.
_ Elﬂz
Pre = 3770

with Ppw = equivalent power denaity of a plane wave in mwWiem?
Ew = totalfield strength in Vim
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5.2 Cube Evaluation

The spatial peak SAR - value for 1 and 10 g is evaluated after the Cuba -
measurements have been done. if you change any parameter afterwards
with ‘File Modify’ (for example crest factor or medium factors) you wit have to
reevaluate the measurements. This evaluation can be repeated, if your press
Job Evaluation on the selected scans. The algorithm that finds the maximal
averaged volume is divided Into three different stages.

(1) The deta between the dipole center of the probe and the surface of the
phantom is extrapolated. This data cannot be measured, since the center of
the dipoles Is 2.7 mm away form the tip of the probe and the distance
betwaen the surface and the lowest measuring point is ca 1 mm (see prabe
calibration sheet). You can visualize the extrapolated data from a cube
measurement if you sslact Graph Evaiuated.

(2) The maximal interpolated value is searched with a straight-forward
algorithm. Around this maximum the SAR - values averaged over the spatial
volumes {tg or 10 g) are computed using the 3d-spline interpolation
gigorithm. If the volums cannot be evaluated (i.e., If a part of the grid was cut
off by the boundary of the msasurement area) the evaluation wlil be started
on the corners of the bottom plans of the cube.

(3) All neighboring volumes are evaluated untit no neighboring volume with

higher average value is found.

“ Extrapolation |

N The extrapolation is based on a least square agorthm [W. Gander,
F Computermathematik, p.168-180]. Through the points in al z-axis
potynomials of order four are calculated. This polynomial is then used to
B avaluate the points between the surface and the probe tip. The ponts,
g calculated from the surface, have a distance of 1 mm from one ancther.
Interpolation |

The interpolation of the points is done with a 3d-Spiine. The 34d-Spline s
3 composed of three one-dimensional spiines with the "Not a knot"-condition
k¢ 8 [W. Gander, Computermathematik, p.141-150) (x, y and z -direction)
R fNumerical Recipes in C, Second Edition, p.123ff 1.

Volume Averaging

¥4 Firstly the size of the cube is calculated. The volume Is integrated with the
e trapezoidal - algorithm. 1000 points (10x10x10} are interpolated to calculate
:; the average.

ff Advanced Extrapolation

kg The BIOEMC group of the ETH 2urich is currently investigating the boundary
_Zj effects on E-field probes. As soon as the research is finished DASY3 will
‘:.;
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allow to compensate for these boundary effects. But until then we do not
encourage to use the 'Advanced Extrapolation’ - option.

5.3 Software Verification

‘The Software DASY3 V3 has been written specifically for the measurement of
SAR in liquid filled shell phantoms and has been thoroughly tested. Duiing
SAR measurements, the software performs the foflowing tasks:

» Generates a measurement grid and sends the grid positions to the robot
controlier. The robot will perform a siow downward movament at each grid
position. - :

. Fiters and evaiuates the signal from the surface detector to stop the
surface approach within a defined gdistance from the surface.

« Reads the data from the data acquisition electronics (DAE2 or DAE3) and
evaluates the field strength using the softwars parameters from the probe,
liguid and devica.

» During a fine cube measurement (for integrated SAR-values), moves the
probe backward from the surface in several steps and measures the field
velues are.

« Extrapolates the measured fine cube values to the surface. A numerical
process then searches within the measured and extrapoiated cube for the
1g and 10g volume which ylelds the highest averaged SAR values.
integrated SAR values are calculated in MW/g using the parameter for
tissue dansity.

All of these procedures influence the final integrated SAR value and are
specifically adapted and tested for the specified task. To make the whole
measuremeant process transparent and accessible for validation, the data are
stored In the measurement file (.DA3 extension) In the following format.

» The asssssed data from the data acquisition electronics are stored as raw
data (as microvolt readings from tha probe sensors), together with all the
necessary scftware parameters for the data evalugtion (probe calbration
data, fiquid parameters and device frequency and madulation data). The
evalugtion is done at the moment of data visualization or export of the
evaluated data to other fila formats. The measurement flie can be used to
check (or change in case of erroneous values) the comract persmeter
sattings and repeat the evalugtion. Raw data can also be exported to
perform the evaluation with other software packages.

» The surface positions stored in the measurement file are the actual robot
positions read from the robot controller s well as the measursment grid
positicns sent to the robot. Visualization s based on actual robot
positions. Any failure in the software to calculate or transmit the correct
positions would be visible in the graphics and traceable in the axported
data.

The standard system vakdation procadure uses 8 calibrated dipole ot &
specified distance (with spacer) and position from the phantom. The dipole
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S I

5.4.2 Measurement of the System Noise and Offset

The multimeter in the DASY3 software lets you access the DAE. You can
directly measure the input signals of the three channels in microvolts.

R

The statistics beside the channel signat values provide maximum values,
minimum values and standard deviations. The standard deviation is taken
from the fitered signals; with ne fitering, the standard deviation is a direct
measure of tha input noise.

R

i B

RS

The filter ia a notch fiter on the power line fraquency and &l its harmonics.
(The power line frequency can be set in the options of the PC-Board).

To check the sstup, measure the offset voltage of the input channels in
microvolts when everything is in place but the signal source is switched off. In
ideal situations the offset in each channel should be within = 1 uV; under
realistic measuring conditions offset values within + 3 pV should be reached.
if this value is exceeded, it Is most likely due to interference from high field
atrengths in the probe area. These flelds can often be considerably reduced
by proper grounding of the systems compaonents. The disturbing fieids can
have many sources, which can be different in each laboratory.

o Static charges in the setup
o ELF-fleids from power ines
e other RF-flalds

S G P AR M ERCR SV SE L LN

-,

It is therafore not possible to (ndicate a general method for grounding. The
best strategy must be determined at each site. in the following sections we
indicate socme measures which might prove helpful in the above mentioned
situations. A grounding point is provided in the system (2mm connector in the
sront of the data acquisition electronic box).

R

it you encounter a constant offset independant of the probe position, you can
corpensate for it via the software In the multimeter-offset page.

5.4.3 Strategies to Reduce System Nofse (Offset)

Laboratory
i the offset is too high (> = 3 pV) and the probe is freestanding, check the
|aboratory for disturbing field sources (ELF or RF).

Static charges

Paople ars excellent vehicles for static charges. Do not move around within
about 50cm of the measurement site when you want to do very sensitive
measurements. Never fouch the phantom dusing & measurement, even from
the outside - the charge you carry around wil likely produce en AD-overflow
and abort the measurement. If you have to touch the phantom during a
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measurement, you must ground the phantom and yourself beforehand. (Use
resietive cable or antistatic arm wrists to ground yoursett.)

Measurements without phantom

When the measured device is floaling (no ground connection, e.g., mobile
phones), there is generally no further problem. if you use grounded radiating
systems, the different grounding systems normally usad for robot and
exposure systems can produce high signals between the probe and
measured device due to ground loops.

¥ the measured fieid is confined within en exposurs system (8.0.
measuraments In smafl TEM-cells or in Waveguides), the DAE can be directly
connected to the outside metallic structures of the axposure system.

in open field stuations such a direct connection might influence the field to be

measured. If the offset is st too high, connect the expasure equipment to 8

power iine outiet (electrically) near the power connection,

Measurements in phantoms

Regarding ground loop problems, evarything said in the last section apples
hers as well. Additionally, there might be some problams with static charges
when moving the probe around in liquid. In that case you should connect the
liquid to a grounding peint. If this is not sufficient, the DAE can be connected
with a resistive line to a grounding point as wall,
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5.5 Recipes For Brain Tissue Simulating Liquids

5.5.1 Dielectric Parameters of Brain Tissue

For the measurements of the field distribution inside the generic twin phaniom
with DASY3, the phantam must be filled with 20 liters of homogeneous brain
fissue simuleting fiquid. The Tliquid should have dilelectric parameters as
similar as poasible io those of the human brain. The table below lists the
dielectric parameters of brain tissue as measured by C. Gabriel [1]. More
detalied information about the dielectric parameters of tissues can be found

in the Rterature [2][3][4).
brain 880 MHz 1780MHzZ
tissu® 245D c:SDinS/m |- exSD a+8D in S/m

Gray brain matter 51.423.6 1.08+0.11 49,5436 1.44:0.12
White brain malter 34.0+£3.1 0.5940.09 32.6£2.9 0.840.11
| Cerebellum 49.8+3.0 1.080.07 48.0+29 | 1.43:0.07

Cerebrospinai fluid | 78.140.1 1.9720.01 77.320.1 2.55x0.01

5.5.2 Ingredients

Water: delonized water (pure H;0) aa basis for the liquid
Sugar: refined sugar in crystals, to reduce relative
as availabla in food shops permittivity
Salt pure NaCl increase conductivity
Cellulose: Hydroxyethyl-celiulose, to increase viscosity and
medium viscosity to keep sugar in solution
(powder, 75-125 mPa 8, 2% in water, 20°)
Preservative substance:
Preventol D-7 to prevent the spread of

Bayer AG, D-51368 Levarkusen bacteria and molds
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5.5.3 Recipes
Ingredient 800 MHz 1800 MHz
Water 2016 % | 3461] 10301} 63.83| 4.17i 11.441
. %
Cellulose 1.00% | 86.0 256.0 1.00% | 93.0 256.1¢g
Sait 068% | 59.6 1774 - - -
Preventol 0.10 % 8.0 268 0.10% 8.0 2474¢ |
Sugar B804 % | 5.00kKg | 1488kg| 44.971500kg| 13.72 kg
%
Total amount - 6.7 20.01 - 7.31 20.01
Distectric g =425 - 1e=410 '
| Parametars 2t 20° [ o= 0.85 Sim o =1.85 Sim

5.5.4 Preparation

The following sequence of steps has peen tried and tested and is therefore
recommended for the preparation of the iquid. A hotplate/magnetic stirrer
should be used, and a glass conteiner is recommendsd. Both items are
standard chemical laboratory equipment and can be purchased by
corresponding companies. ' '

1. Fill the water into the container. Begin heating and stiring.
2. Add the cellulose, the preservativa substance and the salt (only for the

900 MHz liquid). After some hours, the liquid will become mare
transparent again, The container must be covered to prevent evaporation.

. Add the sugar. Hand stirming will probably be necessary at the baginning

until the sugar is sufficiently dissoived.

. Keep the liquid hot but below the boiling point for at least 12 hours, while

continuousty stiring. The contalner must be coversd to prevent
evaporation,

5.5.5 Tips and Remarks

The brain issue simulating liquid can be used for several months. If the
liquid begins to become lumpy, heating and stirfing is recommended 1o
redissolve the lumps.

The dielectic parameters may change slightly with time. Therefore,
periodic measurement of the parameters is recommended.
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e If another preservative substance is used instead of Preventol, the
required amount of salt may change, since Preventol increases the
conductivity.

« If an organic praservative substance ia used, it must be verffied that the
substance does not dissolve ihe Epoxy used in the probes.

« |f the measured dielectric parameters are not within the required range,
additional salt can be used 1o increase the conductivity, sugar to reduce
the relative permittivity and water to increase the relative permittivity.
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biclogicat tissues: |. litarature survey”, Phys. Med. Biol., vol. 41, pp.
2231-2249, 1996

(3] S. Gabrel, R. W. Lau, and C. Gabriel, “The dislectric properlies of
biological tissues: . measurements In the frequency range 10 Hz to
20 GHz", Phys. Med. Biol., vol. 41, pp. 2251-2269, 1996.

(4] S. Gabriel, RW. Lau, and C. Gabiiel, "Tha dielectric properties of
biclogical tissues: i, parametric models for the dielectric spectrum of

; tissues”, Phys. Med. Biol., vol. 41, pp. 2271-2293, 1996,

E
§

T e

Al

Manual DASY3 V1.0 ' 54

3

201 (040 S (R 00T GEe 9 9 18 CU 8 LHYZHE #6661




L

01 ATy

Sehmid & Partner Enginsering AG

5.5.8 Testing Brain Simulating Liquid

Turn NWA on and allow at least 30 min. warm up.

Mount dielectric probe kit so that interconnecting cable to NWA will not be
moved during measurements or cafibration,

Pour de-ionized wetar and measure water temperature (£1°).

Set wa'er temperature in HP-Software (Calibration Setup).

Perform calibration. :
Validate calibration with dielectric material of known properies (e.9.

polished ceramic slab with >8mm thickness £'=10.0, £"=0.0), If measured

parameters do not fit within tolerance, repeat calibration (0.2 for ¢': £0.1

fore”). '

Conductivity can be calculated from e" by s = o &g e =" f[GHz]/ 18.

Measure liquid shortly after calibration. Repeat callbration every hour.

. Stir the liquld to be measured. Take a sampie {~50mi) with a syringe from

tha canter of the liquid container. _

Pour the llquid into a small glas flask. Hald the syringe at the bottom of the

flask {o avold air bubbies.

10. Put the dielactric probe In the gias flask. Check that there are no air
bubbles in front of the opening in the dielectric probe kit.

11. Perform measurements.

12. Adjust medlum parameters in DASY3 for the frequencies necessary for
the measurements ("Setup Config', select medium (e.q. Brain 900 MHZ')
and press 'Option’-buttori.

13, Select the cumrent medium for the frequency of the vaildaticn (e.g. Setup

Medium Brain 800 MH2).

N 2

il oot

o~

w
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SN:1331

Manufactured: December 97
Calibrated: January 98
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ET3DV5 SN:1331
Introduction

The performence of el probes is measured before delivery. This includes an assesament of the
characteristic parameters, receiving paterns & a function of frequency, frequency responsé and reative
accuracy. Furthermore, cach probe is tested in use according to a dosimetric asgessment protocol. The
sensittvity perameters (NomX, NormY, Norm2), the diode compresion parameter (DCP) md the
conversion facter (ConvF) of the probe and some of the memurement disgrams are given in the
following,.

The performance of the individual probes varies
slightty due to tolecances arising from the
meufacturing process. Since the lnes are highly
resistive (several MChms), the offset and noise
problem is greatly increased if signals in the fow uV
range are measured. Accurate measurement below 10
pWig are possible if the following precautions arc
taken. 1) check the current grounding with the
mu!ﬂmeter" , i.e, low noise levels, 2) compensate the
current oﬂ'setl . 3) uselong integration time (approx.
10 seconds), 4) calibrate! before each measurement,
5) persons should avoid moving eround the lab while
measuring.

Since the fiek distortion cased by the supporting
material and the sheath is quite high in the O direction,

the receiving pattemn is poor in adr. However, the Fig 1 D to the field distortion caused by the
distortion in tissus equivalent material is much less supporting matesial, the pmbe ey Iwo chame-
because of its high dielectricity. In addition, the fields teristio direotioms, reftred t s sagle W end 0. '

induced in the phantoms by dipole structires close to
the body are dominently parallel to the surface. Thus, the error due to non-isotropy is much betterthan 1
dB for dosimetric assessmerns.

The probes are calibrated n the TEM cell ifi 110 aithough the field distribution in the cell is not very
uniform and the frequency response is not very fiat. To ensure consistency, 8 strict protocol is followed.
The conversion factor (ConF) between this calibration and the measurament in the tissue gimulation
soltion is performed by compearison with temperature measurements and computer simulations. This
conversion factor is only valid for the specified tissue simulating liquids at the specified frequencies. If
measurements have to be performed in golutions with other electrical properties or at other frequencies,
the conversion factor has to be assessed by the same procedure.

As the probes have been constructed with printed resistive lines on ceramic substrates (thick film
technique), the probe is very delicate with respect t¢ mechanical shocks.

Attention:

Do not drop the probe or let the probe collide with any solid object. Never let the robot move
without first activating the emergency stop feature (i.e., without first turning the data acquisition
electromics on).

| Feature of the DAS Y2 Software Tool.
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Parameters of Probe ET3DVS SN:1331

NormX 1.04 LV/(VIm)?

NomY 1.29 uV/(V/m)?

NormZ 1.29 uVI(Vimy?

DCP 102 mV

ConvF(4s0MHz)  5.28  10% £=47.2 £ 5%; 0=0.45 & 10% mho/m’
ConvF{300MHz)  4.93 £ 10% £=42.6 + 5%; 0=0.85 + 10% mho/m'
ConvF(1800MHz) 4.22 + 10% £=41.0 £ 5%; G=1.7 + 10% mho/m’
pooe_to - caver_spoiee. 2.7 mm

uurrsce - prova_to 14£02 mm

1 Brain tissue simulating liquids

>&
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Receiving Pattern (¢), 0 = 0°

\ = 30 MHz, TEM cell F1110

¢= 100 MHz, TEM cell 1110
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ET3DV5 SN:1331

f = 1800 MHz, WG R22 f = 2500 MHz, WG R26
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ET3DVS5 SN:1331

Frequency Response of E-Field
( TEM-Cell:ifi110, Wavegulde R22, R26)
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ET3DVS SN:1331

Dynamic Range f(SARpain)
( TEM-Celi:ifi110)
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ET3DV6 SN:1331

Conversion Factor Assessment

f= 900 MHz, WG R9

f= 1800 MHz, WG R22
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Staffelstrasse B, 8045 Zurlch, Switzerland, Telefon +47 1 280 08 60, Fax +41 1 280 OB &4

Calibration Certificaté

Dosimetric E-Field Probe

Type:

Serial Number:

Place of Calibration:

Date of Calibration:

Calibration Interval:

Schmid & Partner Enginecring AG hercby certifies, that this device has been _
calibrated on the date indicated above. The calibration was performed in accordance
with specifications and procedures of Schmid & Partner Engineering AG.

Whereever applicable, the standerds used in the calibration process are traceable to
international standards. In all other cases the standards of the Laboratory for EMF and
Microwave Electronics at the Swiss Federal Institute of Technology (ETH) in Zurich,
Switzerland have been applied.

Calibrated by:

Approved by:

s

6Cd 0149 S eH 0O wzs e 918 THIBTHYZHE HO060T




Schmid & Partner
Engineering AG

Staffelstrasse 8, B045 Zurlch, Switzerland,

Telafon +41 1 280 D& 60, Fan +41 1 280 0B &4

Probe ET3DV5

SN:1340

Manufactured: January, 20 1998
Calibrated: January, 26 1898

Calibrated for System DASY3
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ET3DV5 SN:1340
Introduction

The performence of all probes is measured before delivery. This includes an assessment of the
characteristic parameters, receiving peterns & a function of frequency, frequency response md relative
accuracy. Furthermore, each probe is tested in use according to a dosimetric assessment protocol. The
sensitivity parameters (NomX, NormY, NormZ), the diode compresion parameter (DCP) ead the
conversion factor (ConvF) of the probe and some of the messurement disgrams are given in the
following.

The performance of the individual probes varies
slightly due to tolerances arising from the
manufacturing process. Since the lines are highly
resistive (several MOhms), the offset and noise
problem is greatly ncreased if signals in the low puV
range are measured. Accurate measurement helow 10
uW/g are possible if the following precautions are
taken. 1) check the current grounding with the
muln‘meferl, i.e, low noise levels, 2) compensate the
currernt qﬁset" , 3) use long integration thne (approx.
10 seconds), 4) calibrate! before each measurement,
5) persons should avoid moving ground the lab while
measuring.

Since the field distortion caused by the supporting
material and the sheath is quite high inthe ® direction,

the receiving pattern is poor in eir. However, the Fig L Dic to the ficld distartion canscd by the
dstortion in tissue equivalert meterie! s much less supporting materisl, the prbe hes (wo chamo-
becsuse of its high dicleetricity. In addition, the fields teristic diroctions, fefermd to s anghe w and 0.

induced in the phantoms by dipole structures close to
the body are dominemtly parellel to the surfece. Thus, the error due to nor-isotropy is much better then 1
4B for dosimetric assessiments,

The probes are calibrated in the TEM cell ifi 110 although the fleld distribution in the cell is not very
uniform and the frequency response is not very flat. To ensure consistency, a strict protocol is followed,
The conversion factor {CorF) between this calibration and the measuremert in the tissue simulation
solution is performed by compatison with temperature measurements and computer simulations. This
conversion factor is only valid for the specified tissue simulaling liquids at the specified frequencies. 1f
measurements have 1o be performed in solutions with other electrical properties or at other frequencies,
the conversion factor has to be essessed by the same procedure.

As the probes have been constructed with printed resistive lines on ceramic mubstrates (thick fim
technique), the probe is very delicate with respect to mechanical shocks.

Attention:

Do not drop the praobe or let the probe collide with any solid object. Never let the robot move
without first activating the emergency stop feature (i-e., without first turning the data acquisition
electronics on),

! Feature of the DAS Y2 Software Tool.
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ET3DVS SN:1340

DASY3 - Parameters of Probe: ET3DV5 SN:1340

Sensitivity in Free Space

NormX 2.1 uVIVIm)?

NormY 2.2 uVIHVIm)?

NormZ 21 uVIVIm)?
Diode Compression

DCP X 100 mv

DCPY 100 mV

PGP 2 100 mvV

Sensitivity in Tissue Simulating Liguid

450 MHz ConvF X 6.18 extrapolated &= 4815%

ConvFY 6.15 extrapolated o= 0.50 £ 10% mho/m

ConvF Z 6.15 extrapolated (braln tissue elmutating liguid)
g00 MHz ConvF X 5.81 £ 10% % 425+ 5%

ConvF Y 5.81 £ 10% g= 0.85 z 10% mho/m

ConvF Z 5.81 1 10% (brain tiseue simulating liquid)
1800 MHz ConvF X 5.36 interpclated &™ 41+ 5%

ConvF Y 5.36 interpolated o= 1,32 1 10% mho/m

ConvF £ 5.36 interpotated (brain tissue simulating liquid)
1800 MHz ConvF X 813 + 10% B = 41 £ 5%

ConvF Y 513 +10% o= 1.70 £ 10% mhoim

ConvF 2 513  +10% (brain tissue simulating liquid)
Sensor Offset

Probe Tlp to Sensor Center 2.7 mm

Surface to Probe Tip 19102 mm
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ET3DVS SN:1340

Receiving Pattern (¢), 0 = 0°

r f = 30 MHz, TEM cell Ifi110 = 4100 MHz, TEM cell 1110
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ET3DV5 SN:1340

f = 1800 MHz, WG R22 f = 2800 MHz, WG R26
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ET3DV5 SN:1340

Frequency Response of E-Field
( TEM-Ce!l:If1110, Waveguide R22, R26 )
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ET3DV5 §N:1340

Dynamic Range f(SARpyain)
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ET3DV5 SN:1340

Conversion Factor Assessment

f= 900 MHz, WG RS f = 1800 MHz, WG R22
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3 _,5:, schmid & Partner Enginsering AG

2.5 Phantom

The generic twin phantom is a
fierglass shell phantom with 2
mm shell thickness. It has three
measurement areas:

Left hand
Right hand
) Fial phantom

The device holder can be fixed in any of these: a 100x50x85 cm (BXTxH)
support for free standing robots and a 100x75x85 cm (BxXTxH) version for .
table mounted robots,

r ‘i A white cover is provided to tap the phantom during off-perods to prevent
water evaporation and change in liquid parameters. Free space scans of
devices on the cover are possible; however the optical surface detector is not
working propery at the cover surface. Place a white paper on the cover when
using optical surface detection.

Three reference markers are provided to identify the phantom position with
respect to the robot (see Instaling the Generic Twin Phantom, page 52):

Phantom use with tissue simulating Equids:

« Water-sugar-solutions can be |eft permanently in the phantom. Always
cover the liquid if the system is not used, otherwise the parameters wil
change due o water evaporation (see Recipes For Brain Tissue
Simulating Liquids, page 82).

= Buthyldiglycol-solutions shouid be used with care. As glycol is a soflener
for most plastics, the solution should bs taken out of the phantom and the
phantom should be dried when the sysiem is not used (also ovemight!}. A
tast has shown a slight coloring of the inner surface after 3 months on
continuously being filed with 1.8 GHz Buthyidiglycol solution.

« Do not use other organic solvents without testing the phantom resistively

previcusly.
) 2 |
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gchmid & Partner Engineering AG

2.6 Device Holder for Generic Twin Phantom

1, Put the phone In the clamp
mechanism (1) and hold it straight while
tightening. (Curved phones or phones
with asymmetrical ear pieces should be
positioned 8o that the ear piece Is in the
symmetry plane of the clamp).

ol ._Q‘ .

2. Adjust the sliding caniage (2)
fo 90°. Then edjust the phone hoider
angle (3) untl the reference line of the
phone Is horizontal (paraliel to the fiat
phantom bettom). The phone refarence
line is defined as the front tangential line
between the ear piace and the cerder of
the device bottom (or the center of the
fip hinge).

3. Place the device holder at the desired phantom section and move 1t
securely against the positioning pins (4) {see picture on previous page).
The screw in front of the turning plate can be epplied for correct
posttioning (5). (Do not tighten i too strongly).

4. Shift the phone clamp (6) so that the ear piece Is exactly below.the ear
¥ A marking of the phantom. The phone is now corractly positioned In the
holder for all standard phantorn measurements, even after changing the
phantom or phantom section.

5. Adjust the device position angles to the desired measurament position.
j ' The rotation scale (7) gives the tilt angle from the bady axis. C1 denotes

4 the intanded use position (plane through ear openings and mouth); C2 is
the 30°-it position according to CENELEC, The angle of the shding
carriage (8) gives the inclination angle of the phone (80° = intended use

position).

6. Afer fixing the device angles, move the phone fixture up until the phone
£ touches the ear marking. (The point of contact depends on the deaign of
the daevice and the positioning angle).

Note:
Always lower the phone fixture prior to changing the device angles.

by e

If the ear piece of the phone is shifted horizortally after changing the
device angles, the phone or the device holder is not correctly positioned.

Manual DASY3 v1.0 : 16
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gchmid & Partner Enginesring AG

2.7 Validation kit

The velidation dipole Is @ highly symmetric dipole. It comes with a special
support and a snap-on distance holder,

Using the dipole at the specified frequency with support and distance holder
=t the flat section of the generic twin phantom filed with tissus simulating
liquid produces & repeatable and specified situation in which the dipola ia
matched and charactarized with respect to SAR.

See the dipoie documents and the saction system validation for more
information.

Manual DASYY V1.0 17
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Schmid & Partnar Engineering AG

4.1 SAR - Measurement

Stir liquid until t shows no effects of inhomogeneity.

Measure disiectric parameters. If the parameters are outside of iolerancas

adjust or change the liquid.

Mount probe on electronics box. Make sure that the connector catches

properly and the probe is mounted siraight.

Mount electronics box on robot arm. Tum electronics box en (allow 18

min. warm up for sensitive measurements).

Seject mounted probe from menu ‘Setup Propbe’ .

Open robot-window in DASY3, select ‘Generic Twin' from the 'Setup

Phantom’ menu and move to the Point (Move Start).

Check for interference while the armm power is on: Open muiltimeter

window. Select profile ‘m4s az4s’ in the ‘Option’ page of the muitimeter. If

the measured vokage s cut of the acceptable range {x 2.5 1V) check

grounding system (see Grounding Probiems, page 79).

8. Check phantom posiion via reference points. If the phantom has been
moved or If the difference in the x-,y- or z ~ direction is grater than 2 mm,
reinstall the Phantom (instafling the Generic Twin Phantom, page 52).

9. Siir liquid if necessary. The liquid should be homaogeneous. it the liquid
shows effects of inhomogeneity, remeasure the iquid and or replace the
liquid.

10. Check surface detector using the ‘Move surface’. The probe should stop
ca 1 mm above the surface. (f not, move probe up and cisan the probe
{ip, repeat surface detect).

14. Move proba into ssiected phantom section.

12. Check for interference in liquid (analogue point 5).

13, Set up davice.

14. The following files exiat as predefined templates in the directory:

oo kLB M

~

FCC left.da3 intended use position, left hand
FCC right.da3 Intended use position, right hand
CEN intanded left.da3 intended use position, left hand
CEN intended right.da3 Intendad usa position, right hand
CEN touch left.da3 Touching position, lefl hand
CEN touch right.da3 Touching position, right hand
CEN 100° left.dad 100° position, left hand

CEN 100° right.da3 100" position, right hand

CEN 30° tiited left.da3 30°-tied position, left hand

CEN 30° tited right.da3 30°-tilted position, right hand

Open the file, save it under a differsnt file name and start the
measurament.

Manual DABY3 V1.0 70
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8chmid & Partner Englnsering AG

4.2 H-Field Scan

1. Mount probe on electronics box. Make sure that the connector catches
properly and the probe is mounted straight.

2 Mount electronics box on robet arm. Tum electronics box on (allow 16
min. warm up for sensitive measurements).

3. Select mounted probe from 'Setup Probe’ - menu.

4. QOpen the robot-window in DASY3, select ‘Free Space’ from the 'Setup
Phantom’ menu and meve to the Point {Move Start).

5. Check for interference while arm power is on: Open mulimster window.
Saelect profile ‘m4s azds' in the ‘Option’ page of the multimeter. if the
measured voltage is out of the acceptable range (£ 2.5 uV) check
grounding system (see Grounding Problems, page 79).

6. Reteach the section reference point and angle to the antenna feedpoint of
the device.

7. Create the device with ear angle radius set {o zero and the position of the
ear sat to the antenna feedpoint,

8. Open a new file and measure a coarse scan with no surface detaction.

. Manual DASY3 V1.0 71
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4.3 System Validation

1. Perform steps 1-12 described in SAR - Measurement, page 70.

2. Set up validation dipole at flat section of generic twin phantom using the
distance holder.

3. Apply input power to dipoie (10mW - 10W). The input power fo the dipote
should be measured at the dipole input with a 50Q measauring device to
an accuracy of 0.1 dB or better. :

4. Selact dipole from ‘Setup Device' (e.g. ‘Setup Device Dipole 900 MHzZ).

5. In the directory predefined the foliowing files exists as templates:

Validation S00MHz.DA3 Validation with Dipole 900 MHz
Validation 1600MHz.DA3 Validation with Dipole 1800 MHz

Open the file, save It under a different fie name and start the
measurament.

6. Use the Validation' — graphics format for the graphics. Since there ars
two cubes {probe is 90° rotated to the other), the average and the
deviation of the evalusiad values are displayed.

4.3.1 Additional System and Probe Checks

7. Move probe o Interpolated maximurn and: perform z-axis measurement
(using surface detection, ca 30 points @ 2mm spacing). Compare the
measured decay in the liquid with the expecled decay (see AN about
SAR-sensitivities); check for standing waves and layering within the fiquid.
However, the extrapolated data wil not be comparable with the
extrapolated data for the cube measurement).

8. Move probe to interpolated maxmum, move to surface and retire the
probe ca 5mm ("do departs 5°). Perform a probe rotation scan. (Check
firat that the cabiles to the electronics box allow for rotational movement.
Watch probe movements and abort operation if cables are stressed).
Check the result for isotropy within specifications.

5. Perform SAR-measurements, Z-scan or probe rotation with different input
power levels (<100mW and >10W). Normalize both results to 1W and
compare (linearity). Check for correct compression point setting if resuits
differ.

Manual DASY3 V1.0 T2
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1. SYSTEM DESCRIPTION

1.1 System setup

The DASY?3 system consists of at least:

Miniaturized field probes

Highly sensitive probe output measuring system spitt into data acquisition
unit (DAE) (see figure 2) and & PC plug-in card with Signal processor for
time-critical evaluations (see figure 3}

A probe positioning system (sbe-ads robot) for automatic field scans with
its own robot controller ’

Remote control with teach pendant and warning lamp for safe operation of
the robat.

A surface detect system that permits automatic positioning of the probe
within a known distance to a phantom, surface, or device

A shell phantom for body related SAR-measurements

A system validation kit which allows to validate the whole system

To perform a SAR-measurament the customer must supply the following
components (ses figure 1).

Davice to be measured. It must be in a known and stable state during
measurements (output power leve, frequency, and modulation).

Medium (fissue simulating Equid) with known dialectric parameters. Since
the parameters might change with time (due to water avaporation) the
customer must be able to assess the actusl parameters and 1o mix of
change the liquid composttion to adjust the parameters.

Manual DABY3 V1.0
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For system velidation a source with specified frequency and accurately {
known forward power gt the validation kits SMA connector must be available

(signal source (>=10 dBm output power), power meter {<5% accuracy),

cables).

1.2 Software

The DASY3 software is destined to work with DASY2 or DASY3 hardware. It
is written In Visual C++ (full 32-bit version} and is runs under Windows 935 ofr
Windows NT. The scftware s buit in a modular way with dynamic link
libraries. This allows new components eaclly fo be appended and to be
changed according exsting components to specisl customer neads without
the necassity of rewrite the whole software. '

The DASY3-Software makes use of all system components to allow fleld
measurements on theee hierarchical complexity levels.

1.2.1 Fleld measurements

These are standard field measurements at the location of the probe tip. The
software reads the output of each probe ssnsor and uses the calibration
paramsters of all involved components to calcuiate the comect field strength
(The probe positioning system can be used manually to position the probe but
no information from the robot is used in the evaluation). The output can be in
many different units, by component or as a total, as a single value with
atatistics or as a function of time (scope).

Different measurement profiles (time, auto-zero cycles, sccuracy, fitter) can

be used. The data can be exported to text files. For mare information Fleld
Measurements with Multimeter Option, page 42.

1.2.2 Fleld Scans

B
3
Y
3

Using the pasitioning system, automatic field scans over lines, planes or
volumes can be performed. The field is measured at discrete points, and the
¥ raw data from the probe is stored together with the position information from
tha robot and all involved calibration parameters. This allows utilization of the
storsd data for ali possible selections or evaluations at the moment of
visualizing or exporting the deta. Te visualze the data graphic-tools for 1D,
2D and 3D are included in the software.

Tl T

A field scan can be defined as a free space scan or can be related to a
phantom using automatic grid adaptation to the phantom boundary,

Manual DASY3 V1.0 5
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automatic detection of the phantom surface, etc. it the device outiine and
position is speciied in the scan, a simple picture of the device can be

included in the graphic.

1.2.3 Documents

Several scans can be combined in one measurement document. The scans
can be measured individually or automatically (e.g. refersnce point
measurement, surface scan for maxmum, fine cube measurement, power
drit measuremant). Sophisticated evaluation and decumentation Is possible
by using data simultaneously from several scans in the document.

In order to work properly, the system requires a good deal of information from
the user: :

Probe calibration parameters

Data acquisition electronics parametars

PC-Card parameters

Device or source parametars (frequency, modulation)

Scan parameters (grid size and crientation, phantom position, type)
Measurement profite (fitering, time)

Graphic format and evaluation

Many parameters are absolutely necessary to operate the systam, others are
optional and only necessary for special features (e.g. the device dimensions
are necessary i the device shall be shown in the graphic; ctherwise they can
be omitted). Scme parameters are coupied to components and do not
change (e.g. probe calibration parameters), others might differ between
measurements (e.g. iquid parameters, scans and evaluation). To make work
easy, the parameters are arranged in data sets, and each data set is stored
in the system under a specific name (e.g. each fleld probe has a set of
calibration parameters stored under a unique name. Instesad of entering the
parameters the user has o select the coresponding parameter set each time
a component (e.g. probe) is changed In the system, The necessary selections

PC-Card
DAE (only if several data acquisition electronics are avallable)

Probe

Liquid

Device

Phantom (including defined scans)
Graphic formats

» 2 ¢ & ©¢ @ &

Selecting new parameter sets (s only necessary when componenis are

changed when different grids or graphic formats are desired. The |ast
celacted set is aways the default for new measurements. However,

Manual DASY3 V1.0
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sometimes it is necessary to add or change exiéﬁng data sets. The
parameters in the sysiem can be manipulated in different ways.

« Import deta flle with factory-settings (etectronic, probe, phantom)
o Change parameters in setup options dialog
« Enter completely new deta set in the options menu

Changed or entered data sets can be stored in the system of exported to
configuration-files (e.g. for use in ather systems). Each system component
from SPEAG comes with a configuration file including all necessary system
data. To prevent accidental changes in the crucial parameters, afl
configuration files with manufacturer's settings have the read-only etiribute.

if several people will use the system, it is recommandad to have one system
operator who defines all measurement procadures and phantom settings.
This prevents incorrect measurement data due to Improper parameter
settings from users who are not very familiar with the aysiem,

Saveral procedures are supported from SPEAG based on our expefience
with the system, but more might be added. -

Predefined procedures:

e FCC measurement procedures (for one position and one frequency),
including the following scans: reference measurement, maximum search,
fine cube measurement and drift measurement. :

e FCC graphic format

o Validation measurement procedure with: power reference measuremnent,
maxmum search, fine cube measurement, rotated fine cube
measurement, z-2is measurement, drift measurement.

e Validation graphics format

Manuai DASYI V1.0
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