The results of the localized SAR for Iridium Satellite Phone
For FCC T/A Kyocera Corp. Jul 15, 98

No. |[R/L |out/in use angle |SAR value
condition (degree) |[(1g ave.)

1 R out intended |(80,65) 0. 121

2 R in intended  {(80,65) 0. 429

3 R out 100° (100,65) 0. 332

4 R in 100° (100,65) 0. 719

5 R out tilted (90,35) 0. 220

6 R in tilted (90,35) 0. 474

7 R out touch (70,65) 0. 100

8 R in touch (70,65) 0. 332

9 L out intended |(80,65) 0. 102

10 L in intended (80,65) 0. 396
A unit of SAR: mW/g
Measurement condition: measurement condition No.1 to 16 complies with FCC @66
Measurement equipment : DASY3 ’ ‘
R: the condition fitting the speaker part of the hand set to right ear by right hand.
L: the condition fitting the speaker part of the hand set to left ear by left hand. &‘9‘}

Out: the condition of the long antenna

In: the condition of the short antenna

Use condition and angle: It refers to page 11-12 in the enclosed document “Safety
Considerations for Human Exposure to EMFs from Mobile Telecommunication
Equipment(MTE) in the Frequency Range 30MHz-6GHz, THIRD DRAFT, Zurich, 30
April1996”.

Transmitting ch: sub-band=30, frequency-ch=8 (1625.979167 MHz)

[The specified value: 1.6mW/g|

Note: We provide with data in all R conditions, because R conditions have worse SAR
values than L conditions do. In addition, we provide with data in all intended use
conditions where some user will usually operate the handset.

\ % %




¢-38L°1
2-38¢¢
¢-3LES
g-381°L
¢-366'8
1-3L0°1
1-382'L
1-3ev'l
1-319°1
1-36L’1

EF/mw] “tuvs

0'G = 20 ‘0'8 = AQ '0'8 = X :LXGXG eqnQ )

(uonsjodenxe eses_3sioM) [3/MW] 98800 (301) ¥VS 1) 5V LXGXG 9qnQ

‘0O [ewo/8] 00') = J g'gy = ‘8 [w/oyw] 8g'| = O [ZHW 00G| ulesg ‘0'6 40308} 13010 (LG'G'LG'G'LG'S)4AU0D ‘L LEINS ~ GAQELT °q0id
| 1 N [ZH] 00G1 :Aouenbeiy ( _G§' ,08) :UOMISO ‘UONOSS PUBH JYBRY ‘WOUBYY UM] OLSUSD
6¢d ,

86/51L/L0




©1900A) ”

¢-380°L
-3t
1I-3117C
1-318
I-3¢6°¢
I-3¢c
1-3%6Y
1~-329°¢
1~3¢€'9
I-3e0°L

B/mw]

0' = 20 '0'8 = AQ '0'8 = XQ £XGXG 99O
(uonejodenxe eseo-3sioM) ‘[B/MW] ¥L2'0 (B01) HvS T8/MH] 62¥0 ((B1) UVS LXGXG 9qnD

,, . 7&0\3 00l =d 9Zy = 3 [w/oyw] §¢'| = O [ZHW 00G| UleJg ‘0’6 40308} 18040 H{(/G'G'LG'G'LG'G)4AUCD {1 LELNS ~ GAQELT 9qoid
I ON [ZHIN] 00G | :Aousnbeid {( G9' ,08) UONISOd ‘UONOSS PUBH IYBRY 'WOIUBYJ UM ] OLOUSD

6¢d

. 86/61/L0




¢-3es'e
1-301°1
1-399'L
1-312e
1-39L7C
1-31e¢
1-398¢
I-Fevry
1-3L6V

1-329°6

B/Mw] “tuvs

& "ON

©4000AY|

0'G =20 '0'8 = AQ '0'8 = XQ LXGXG 9gnQ
(uonejode.xe os85-3SI0M) ‘OPISING Xe * [B/MW] Z120 B01) VS TF/MW] 2ec0 (31) UVS :LXGXG 9GnO
[swo/3] 00'L = J 9'gp = *3 [w/oyw] 8¢'| = O :{ZHIN 00G] UIelg ‘0’6 40IOR} 319040 {(LG'G'LG'G'LG'G)IMOD | LEINS ~ SAQELT 9q0id
[ZHW] 00G1 *Aouenbesd {( _Gg' 00) \UORISO ‘UOROSS PUBH JBRY ‘WIOBYY UM] OLOUSD

6¢d

L OBLL0

S |




1-362'1
1-36¥2
1-3vLe
1-366%
1-3¥29
j-38¥L
1-36L'8
1-396'6
0+321't
0+367'1

B/mw] yvs

B1900ARY ‘

06 =20 ‘08 = AQ '0'8 = XQ :LXGXG 94nO /\
(uonejodeaxe eseo-3si0M) ‘[B/Mw] GEY'0 (301) ¥VS TE/MWT B1L0 (1) BVS :LXGXG eqnD
[cwo/8] 00'L =d 92y =3 [w/oyw] 8¢'| = O {ZHW 00G| uteig ‘06 40308} 38040 '{(LG'G'LG'G'LGC)4AUOD (L LEINS — GAQELT ‘eqold
[ZHW] 0061 :Aouenbead ( GO’ ,00L) UORISO ‘UORDeS pue WYBYRY ‘wouryd UM | OLIGURE)

6¢d

fa/81/L0




g-3e5c
¢-II0'L
1-380'1
1-3irl
1-39L°1
-3¢
1-39¥'2
1-328C
1-3aLe
1-3e5°¢

B/mw] *uvs

81900AY|

0'G = 20 ‘0'8 = AQ '0'8 = XQ :LXGXG 9gnD
(uone|odrnxe esBO-15.10M) ‘OpISING XeW * [B/MW] 110 :B01) MVS TB/ME] 0220 1 :LXGXg oqnO
[cwo/3] 00'L =J 92y = ‘3 [w/oyw] 8L = O :{ZHIN 00G UeJg ‘0'6 20108} 18040 (1 G'G'LG'C'LG'G)4AUOD | LELNS - GAQELT ‘0qoid
[2HIN] 00G1 *Aousnbeag ( GE' ,06) UORISOd ‘UORVSS PUBH B ‘WO UM DUSUSD

6¢d

ORI Ao O




BI1900AY

¢-316°L
1-306L
1-362°C
1-300'¢
1-39L°¢
1-316Y
1-392°S
1~3109
I-39L9
I-316L

B/mw] Puvs

0'G =2Q ‘'0'8 = AQ ‘0’8 = XQ :LXGXG 9qn
(uonejodesyxe eseo-3sioM) ‘[B/Mw] pOE'0 ((301) UVS [8/MW] YLp0 (F1) HVS :LXGXG eqn)
° [cwo/3] 00'L = J 9'2p = '3 [w/oyw] ge'| = O {ZHN 00G| ureIg 0’6 0308} 38840 ((LG'G'LG'G'LGG)IAU0D ‘L IEINS ~ GAQELT eqo.d
@ OZ [ZHN] 00G| Aouenbeig ( GE* 06) UCISOd :UONOSS puBH BN ‘WOoUBYd UM | dusueD

6¢d

86/61/L0




840004)|

o-3Ert
¢-398°¢
¢-362v
¢-3eL'S
¢-361L
¢-38G'8
1-300°1
1-arit
1-362°1
1-3ey’l

B/mw] uvs

0§ =20 '0'8 = AQ ‘0'8 = XQ ‘LXGX§ on_.% /\
(uoneiodesIxe 9s8O-1SI0M) ‘OPISING XBW * [B/MW] 9¥LO0 (BOL) HVS * * [B/MW] G660°0 ‘@ L) UVS :LXGXG 8qnO

, NL i O.Z [ewo/3] 00| = dozy="3 [w/oyw] ge'L = O :{ZHIN 00G| wielg 0’6 40308} 15840 (L GG LG G LG G)4AUCD (LLEINS ~ GAQELT ogqoid
[2HW] 0061 ‘Rouenbeuy ( .59' ,0L) iuonisod Uonoeg pueH WBRY ‘wojueyd UM] ousuen
6¢d

86/GL/L0




T IRy

¢-388°¢
¢-38L'L
1-391°1
1-366'1
1-3¥6°1
1-3ee7¢
1-3eLe
1-301¢
I-36v'¢
1-388¢

B/mw] “yy

©I000AY

0’ =20 ‘0'8 = AQ '0'8 = XQ :LXGXG oqnD _
(uonsjode.ixe 88.565 ‘B/mw] 8120 {@01) MVS L %GXg oqny
[cwo/3] 00'L = J 92y = ‘3 [w/oyw] 8L = O fZHN 00GI UleJg ‘0’8 40308} IO (LG LGS'LEG)IMOD *LIEINS - GAGELT 9q0id
[ZHW] 00G 1 :Aouenboeid {( G9' ,OL) UORISOd ‘UOROSS PuEH BN ‘WOIUBYY U] OLUSUSD

6¢d

96/51/L0




BIGD0AY

¢3S
¢-3vie
Z-3ILy
¢-382°9
¢-398°L
¢-32ve
I-301°L
1-392°1
-3
1-3L9'1

B/mw] *uvs

0'G =20 '0'8 = AQ '0'8 = X :LXGXG oqn
(uonejodenyxe osEO-1SI0M) ‘OpisINO XBN * [B/MW] LFL00 ((01) HVS ' * [F/MW] 201°0 (F1) YVS :LXGXG eqnO
! . [swo/3] 00} = J 9’2y = *3 [w/oyw] 8¢’} = O {ZHN 00G| urelg ‘0’6 40108} 38040 {(LG'G'LG'S'LG'G)4AU0D (L IEINS ~ SAQELT :0q0.d
,, @ OZ [ZHW] 0061 :Aouenbeuy i( GO* 08) :UORISOd UOROSS pusH Yo ‘wojueyd UIM] oUSUSH

6¢d

86/G1/L0




B1900AY]

B/mMu] *uvs

0'G = 20 ‘0'8 = AQ ‘'0'8 = *Q :LXGXG eqnD )
(uonsjodenxs sseo-ysiop) ‘[B/Mw] 8520 (301) Hvs TF/MW] 96€0 (¥1) 9vs 1LXGXG oqnQ )
. [swo/2] 00t =0 92y = '3 [W/oyw] gg'| = O :[ZHW 0051 uIe4g ‘0’6 4030”1500 H(LG'G'LG'G'LGC)IAU0D ‘L LEINS — GAQELT ‘9q0id
| O H * OZ [2HIN] 0051 -Aouenbeuy {( Gg' ,08) :uonisOd UONOES PUBH YT ‘WOJUBYJ UM ] OLGUSD

6¢d




General Information:
FCCID : JOYKC-SSSD-66K
(Device category mobile or portable)
RF exposure environmental controlled or uncontrolled

Test method: measurement or computation

Statement indicating compliance with FCC adopted limits

Antenna Description
. antenna type: patch
antenna location on device: left, top, back

antenna dimension

10. 8mm




antenna gain: 0dBi

Test Signal and Output Power
test signal source: test mode
signal modulation: TDMA/FDMA
output power measurement condition: SAR test configuration
output power measured with: spectrum analyzer
output power measured at 1625.979167TMHz, 9.2% duty factor
max. power measured before SAR with fully charged battery: 595 mW (EIRP, ERP
o

or net output)

max. power measured after SAR: 580 mW
—
(max. power after SAR is only applicable to RF exposure evaluation with SAR

measurement)
Test Position and Condition:

handset position: setup description, picture, illustration etc.-—-appendix 1
center of ear piece aligned with ear canal of phantom
ear piece against phantom ----appendix 1
in alignment with 3-point (ears & mouth) plane of reference---
Ll.intended angle(80, 65)
2.100° angle(100, 65)
3.tilted  angle(90, 35)
4.touch  angle(70, 65)




normal usage position-~intended condition, antenna orientation---

and distance from phantom

antenna extended and retracted
left or right side of head, ma?? , RF coupling condition

tested with or without hand

(CENELEC positions: 80° or other positions)

(Other positions: setup description, picture, illustration, etc.)

Measurement or Computation Uncertainty:

description of measurement or computational uncertainties

measurement equipment(+20%) and measured place(<3-5%).

individual sub-system uncertainties probe: +10%,
repeated accuracy of Robot: *0.02mm

estimated total system uncertainties (%) +20%




System and Phantom Descriptions:

description of measurement system & performance appendix 2
description of positioning system & performance appendix 2
overall system performance verification procedures appendix 3
RF susceptibility verification appendix 4
system verification results

averaged over lam® (1g) of tissue:  3.85mWig

averaged over 10cm® (10g) of tissue: 2.73mW/g
description of phantom: shape, size and complexity appendix 5
phantom with ear, without ear or using spacer

phantom shell thickness at ear(4mm), cheek or other locations(2mm)

Tissue Properties:

types of tissues used B1800
composition of ingredients
1.0%
description of methods used to characterize tissue materials and ambient conditions---
appendix 6

dielectric constants 41.0




conductivities (S/m) 1.67

tissue densities (kg/m®) 1.0

Electric Field Probe Descriptions and Calibration:

(E-field probe description & performance, probe type and serial no. ET3DV5-SN1311)
(E-field probe calibration procedures)
(media and frequency for E-field probe calibration)
. probe offset (8mm), isotropic response appendix 7
(E-field probe calibration factor)

. (calibration or expiration date)

SAR Measurement Parameters, Procedures and Results:

(SAR test frequencies )
description of coarse scan region, size 10 x 10 x 0 cm’®, scanning resolution 20 mm
description of fine scan region, size 2x32x 3 scanning resolution 8 mm

(source-based time averaging applied to SAR @f tested with CW))

(SAR distribution of worst case test results (frequency, antenna position - fixed, extended
or retracted))
. identification of peak SAR location (98, 64, 4.4) mm

. highest peak SAR (W/kg) and its test configuration 0.719(W/kg) right hand 100°

(I-gram averaged peak SAR (W/kg))




(other SAR test positions)

(I-gram SAR for other positions)

description of I-gram average procedures, highest SAR gradient at peak location
(W/kg/mm) 0.0125

description of procedures used to extrapolate SAR to phantom surface

This will be able to be extrapolated by the evaluation of z-direction SAR characteristics.
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s

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 so that the ear piece is in the
symmetry plane of the clamp).

2. Adjust the sliding carriage (2)
to 90°. Then adjust the phone holder
angle (3) until the reference line of the
phone is horizontal (parallel to the flat
phantom bottom). The phone reference
line is defined as the front tangential line
between the ear piece and the center of
the device bottom (or the center of the
flip hinge).

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

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

5. Adjust the device position angles to the desired measurement position.
The rotation scale (7) gives the tilt angle from the body axis. C1 denotes
the intended use position (plane through ear openings and mouth); C2 is
the 30°-tiit position according to CENELEC. The angle of the sliding
carniage (8) gives the inclination angle of the phone (80° = intended use
position).

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

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

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

Manual DASY3 V1.0 16
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1. SYSTEM DESCRIPTION

1.1 System setup

The DASY3 system consists of at least:

Bectro - optic coupter

Surface catect
¢lectronic

{opt ¥nk)
DAE

fuid probe
{with surface detect}

)
Z

Remote Teach

i Control Panel

x T \T:u';umuhem
O B :«a under test
\_ [ | B
| e y,

e Miniaturized field probes

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

e A probe positioning system (six-axis robot) for automatic field scans with
its own robot controller

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

e 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-measurement the customer must supply the following
components (see figure 1):

« Device to be measured. It must be in a known and stable state during !
measurements (output power level, frequency, and modulation). §
e Medium (tissue simulating liquid) with known dielectric parameters. Since {'
the parameters might change with time (due to water evaporation) the ‘}
!

customer must be able to assess the actual parameters and to mix or !
change the liquid composition to adjust the parameters. /

I
For system validation a source with specified frequency and accurately },/
known forward power at the validation kits SMA connector must be availabl |

7
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Schmid & Partner Engineering AG

(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 95 or
Windows NT. The software is buitt in a modular way with dynamic link
libraries. This allows new components easily to be appended and to be
changed according existing components to special customer needs without
the necessity of rewrite the whole software.

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

1.2.1 Field measurements

These are standard field measurements at the location of the probe tip. The
software reads the output of each probe sensor and uses the calibration
parameters of all involved components to calculate the correct 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
- statistics or as a function of time (scope).

Different measurement profiles (time, auto-zero cycles, accuracy, filter) can
be used. The data can be exported to text files. For more information Field
Measurements with Multimeter Option, page 42.

1.2.2 Field Scans

Using the positioning 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
the robot and all involved calibration parameters. This allows utilization of the
stored data for all possible selections or evaluations at the moment of
visualizing or exporting the data. To visualize the data graphic-tools for 1D,
2D and 3D are included in the software.

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,
automatic detection of the phantom surface, etc. If the device outline and
position is specified in the scan, a simple picture of the device can be
included in the graphic.

Manual DASY3 V1.0 5




Schmid & Partner Engineering AG

1.2.3 Documents

z Several scans can be combined in one measurement document. The scans
can be measured individually or automatically (e.g. reference point
measurement, surface scan for maximum, fine cube measurement, power
drift measurement). Sophisticated evaluation and documentation 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:

e Probe calibration parameters

o Data acquisition electronics parameters

PC-Card parameters

Device or source parameters (frequency, modulation)

Scan parameters (grid size and orientation, phantom position, type)
Measurement profile (filttering, time) '

¢ Graphic format and evaluation

¢ o o

B Many parameters are absolutely necessary to operate the system, others are
| optional and only necessary for special features (e.g. the device dimensions
are necessary if the device shall be shown in the graphic; otherwise they can
be omitted). Some parameters are coupled to components and do not
change (e.g. probe calibration parameters), others might differ between
measurements (e.g. liquid 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 field probe has a set of
calibration parameters stored under a unique name. Instead of entering the
parameters the user has to select the corresponding parameter set each time
a component (e.g. probe) is changed in the system. The necessary selections
are:

PC-Card

DAE (only if several data acquisition electronics are available)
Probe

Liquid

Device

Phantom (including defined scans)

Graphic formats

Selecting new parameter sets is only necessary when components are
changed when different grids or graphic formats are desired. The last
selected set is always the default for new measurements. However,
sometimes it is necessary to add or change existing data sets. The
parameters in the system can be manipulated in different ways:

e Import data file with factory-settings (electronic, probe, phantom)
« Change parameters in setup options dialog

Manual DASY3 V1.0 6




Schmid & Partner Engineering AG

« Enter completely new data set in the options menu

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

If several people will use the system, it is recommended to have one system
operator who defines all measurement procedures and phantom settings.
This prevents incorrect measurement data due to improper parameter
! settings from users who are not very familiar with the system.

- Several procedures are supported from SPEAG based on our experience
i with the system, but more might be added.

Predefined procedures:

o 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

« Validation measurement procedure with: power reference measurement,
maximum search, fine cube measurement, rotated fine cube
measurement, z-axis measurement, drift measurement.

e Validation graphics format

Manual DASY3 V1.0 ) 7
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4.1 SAR - Measurement

N —

10.

11.
12.
13.
14.

Stir liquid until it shows no effects of inhomogeneity.

Measure dielectric parameters. If the parameters are outside of tolerances
adjust or change the liquid.

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

Mount electronics box on robot arm. Turn electronics box on (allow 15
min. warm up for sensitive measurements).

Select mounted probe from menu ‘Setup Probe’ .

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 arm power is on: Open multimeter
window. Select profile ‘m4s az4s’ in the ‘Option’ page of the multimeter. If
the measured voltage is out of the acceptable range (x 2.5 pV) check
grounding system (see Grounding Problems, page 79).

Check phantom position 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 (Installing the Generic Twin Phantom, page 52).

Stir liquid if necessary. The liquid should be homogeneous. If the liquid
shows effects of inhomogeneity, remeasure the liquid and or replace the
liquid.

Check surface detector using the ‘Move surface’. The probe should stop
ca 1 mm above the surface. (If not, move probe up and clean the probe
tip, repeat surface detect).

Move probe into selected phantom section.

Check for interference in liquid (analogue point 5).

Set up device.

The following files exist as predefined templates in the directory:
FCC left.da3 Intended use position, left hand
FCC right.da3 Intended use position, right hand
CEN intended left.da3 Intended use position, left hand
CEN intended right.da3 intended use position, right hand
CEN touch left.da3 Touching position, left hand
CEN touch right.da3 Touching position, right hand
CEN 100° left.da3 100° position, left hand
CEN 100° right.da3 100° position, right hand
CEN 30 tilted left.da3 30°-tited position, left hand

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

Open the file, save it under a different file name and start the
measurement.

Manual DASY3 V1.0 » 70
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ET3DV4 SN:1311

Parameters of Probe

NormX 2.07
NormY 2.02
NormZ 1.92
DCP 50000

ConvF(450MHz) 6.9+ 10%
ConvF(S00MHz) 6.1 £ 10%
ConvF(1800MHz) 5.3 £ 10%

dprobe_ﬁp - center_dipoles 2 . 7

dsurface - probe_tip 1 7 + O 2

! Brain tissue simulating liquids

ET3DV4 SN:1311

uV/(Vim)?

uV/(Vim)?

uV/(Vim)?

nv

£=47.2 + 5%; 5=0.45 + 10% mho/m’
£=42.1 £ 5% 5=0.85 + 10% mho/m’
£=40.0 + 5% 6=1.7 + 10% mho/m’

mm

mm

Page 3 of 14




ET3DV4 SN:1311

Receiving Pattern (¢), 6 = 0°, f= 30 MHz
( TEM-Cell:ifi110 )

—0—X —o—Y ——Z —0—Tot

1.00

0.80

0.60
. 040
@ o020
T 0.00 &0 O-0-0-0-0-0-0-0-0-0-0< 5000
£ 020

-0.40

-0.60

-0.80

-1.00

0 60 120 180 240 300 360
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Receiving Pattern (¢), 6 = 0°, f= 100 MHz
( TEM-Cell:ifi110 )

—o—X —o—Y ——Z —0—Tot

1.00

0.80

0.60
_. 0.40
@ 020
T 0.00 $0-0-0< P0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0P-0-0-0-0-0
£ -0.20

-0.40

-0.60

-0.80

-1.00

0 60 120 180 240 300 360
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ET3DV4 SN:1311

Receiving Pattern (¢), 6 = 0°, f = 300 MHz
( TEM-Cell:ifi110 )

—0—X —o—Y ——2Z —O—Tot

1.00
0.80
0.60
0.40
0.20
0.00 &=0-0-94 5-0-0-0-0-0-0-0-0-0-0-0-0-0 Q-0 O-0-O¢
-0.20
-0.40
-0.60
-0.80
-1.00

error{dB]

0 60 120 180 240 300 360
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Receiving Pattern (¢), 6 = 0°, f = 900 MHz
( TEM-Celt:ifi110 )

—o0—X ——Y ——2Z —0—Tot
1.00
0.80
0.60
_ 040
o 0.20

T 0.00 Gor0-0-0< 3-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-00-000-000-0-0-09
E -020
-0.40
-0.60
-0.80
-1.00

0 60 120 180 240 300 360
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Receiving Pattern (¢), 6 = 0°, f = 1800 MHz
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2.5 Phantom

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

Left hand
Right hand
. Flat phantom

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

A white cover is provided to tap the phantom during off-periods 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 properly 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 Installing the Generic Twin Phantom, page 52):

Phantom use with tissue simulating liquids:

« Water-sugar-solutions can be left permanently in the phantom. Always
cover the liquid if the system is not used, otherwise the parameters will
change due to water evaporation (see Tissue Simulating Liquid, page 82).

e Buthyldiglycol-solutions should be used with care. As glycol is a softener
for most plastics, the solution should be taken out of the phantom and the
phantom should be dried when the system is not used (also overnight!). A
test has shown a slight coloring of the inner surface after 3 months on
continuously being filled with 1.8 GHz Buthylfiglycol solution.

» Do not use other organic solvents without testing the phantom resistively
previously.

Manual DASY3 V1.0 15
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5.5.2 Testing Brain Simulating Liquid

1. 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 calibration.

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

Set water temperature in HP-Software (Calibration Setup).

Perform calibration.

Validate calibration with dielectric material of known properties (e.g.

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
for ").

Conductivity can be calcuiated from ¢" by 6 = 0 go €" = ¢" f [GHZz] / 18.

Measure liquid shortly after calibration. Repeat calibration every hour.

Stir the liquid to be measured. Take a sample (~50ml) with a syringe from

the center of the liquid container.

9. Pour the liquid into a small glas flask. Hold the syringe at the bottom of the
flask to avoid air bubbles.

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

11. Perform measurements.

12. Adjust medium parameters in DASY3 for the frequencies necessary for
the measurements (‘Setup Config’, select medium (e.g. Brain 900 MHZz')
and press ‘Option’-button.

13. Select the current medium for the frequency of the validation (e.g. Setup
Medium Brain 900 MHz).

N

o0hw

© N
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Frequency Response of E-Field
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1. SYSTEM DESCRIPTION

1.1 System setup

The DASY3 system consists of at least:

eclal

N )

Bectro - aptic cougler

Surface dewct
slectronic

(opt #nk)

il peobs
{with surtace detect)

[T tesue simulntirg
dquid

T device under test

—— device holder

Robet J/

Controder

Miniaturized field probes

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

A probe positioning system (six-axis robot) for automatic field scans with
its own robot controller

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

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-measurement the customer must supply the following
components (see figure 1):

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

Medium (tissue simulating liquid) with known dielectric parameters. Since
the parameters might change with time (due to water evaporation) the
customer must be able to assess the actual parameters and to mix or
change the liquid composition to adjust the parameters.

For system validation a source with specified frequency and accurately
known forward power at the validation kits SMA connector must be availabl

t v

.
e
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(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 95 or
Windows NT. The software is built in a modular way with dynamic link
libraries. This allows new components easily to be appended and to be
changed according existing components to special customer needs without
the necessity of rewrite the whole software.

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

1.2.1 Field measurements

These are standard field measurements at the location of the probe tip. The
software reads the output of each probe sensor and uses the calibration
parameters of all involved components to calculate the correct 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
statistics or as a function of time (scope).

Different measurement profiles (time, auto-zero cycles, accuracy, fiter) can
be used. The data can be exported to text files. For more information Field
Measurements with Multimeter Option, page 42.

1.2.2 Field Scans

Using the positioning 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
the robot and all involved calibration parameters. This allows utilization of the
stored data for all possible selections or evaluations at the moment of
visualizing or exporting the data. To visualize the data graphic-tools for 1D,
2D and 3D are included in the software.

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,
automatic detection of the phantom surface, etc. If the device outline and
position is specified in the scan, a simple picture of the device can be
included in the graphic.
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1.2.3 Documents

Several scans can be combined in one measurement document. The scans
can be measured individually or automatically (e.g. reference point
measurement, surface scan for maximum, fine cube measurement, power
| drift measurement). Sophisticated evaluation and documentation 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 parameters

PC-Card parameters

Device or source parameters (frequency, modulation)

Scan parameters (grid size and erientation, phantom position, type)
Measurement profile (fittering, time) '

Graphic format and evaluation

e o6 & o & o o

Many parameters are absolutely necessary to operate the system, others are
optional and only necessary for special features (e.g. the device dimensions
are necessary if the device shall be shown in the graphic; otherwise they can
be omitted). Some parameters are coupled to components and do not
change (e.g. probe calibration parameters), others might differ between
measurements (e.g. liquid 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 field probe has a set of
calibration parameters stored under a unique name. Instead of entering the
parameters the user has to select the corresponding parameter set each time
a component (e.g. probe) is changed in the system. The necessary selections
are: ,

PC-Card

DAE (only if several data acquisition electronics are available)
Probe

Liquid

Device

Phantom (including defined scans)

Graphic formats

Selecting new parameter sets is only necessary when components are
changed when different grids or graphic formats are desired. The last
selected set is always the default for new measuremenis. However,
sometimes it is necessary to add or change existing data sets. The
parameters in the system can be manipulated in different ways:

+ Import data file with factory-settings (electronic, probe, phantom)
« Change parameters in setup options dialog
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« Enter completely new data set in the options menu

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

If several people will use the system, it is recommended to have one system
operator who defines all measurement procedures and phantom settings.
This prevents incorrect measurement data due to improper parameter
settings from users who are not very familiar with the system.

§ Several procedures are supported from SPEAG based on our experience
with the system, but more might be added.

Predefined procedures:

_ e FCC measurement procedures (for one position and one frequency),

i , including the following scans: reference measurement, maximum search,

f fine cube measurement and drift measurement.

i e  FCC graphic format

: + Validation measurement procedure with: power reference measurement,
maximum search, fine cube measurement, rotated fine cube
measurement, z-axis measurement, drift measurement.

+ Validation graphics format
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2. HARDWARE

2.1 DASY3 plug-in card

"~

,'Zf

The PC-Plug-in card uses one
standard medium-sized ISA-slot. it
contains all necessary circuitry for
the operation of the DASY3
software with either DAE2 or DAE3
electronic box. Room for peripheral
extensions (parallel /0, ...) is
provided on the board.

The card contains a 24 bit 66 MHz data signal processor (DSP) and 96k x
24bit 12ns memory-bank. The DSP does real-time data evaluation for field
measurements and surface detection, controls the robot movements and
handles safe operation. The PC-operating system cannot interfere with these
time critical processes. All connections are supervised. The disconnection of
| any of these cables to the board will automatically disable all program
g controlled robot movements.

Clock
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; /——- Trane. J

Surface Surface
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Calibration: No calibration is required.
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Jumpers for the base address have to bet set in the software accordingly
(see Data Acquisition, page 30). The new values are ready after a complete
shutdown of the computer.

Connections:
1. DB9female
Connection to robot (or electro-optical adapter in DASY mini
version)
2. Subminiatur connector 3p male (Binder 712, Amphenol)
3. DBS9 female

RS232 connection to robot controller (SIO Board)
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2.2 Data Acquisition Electronics

2.2.1 Description

The data acquisition electronics consists of a highly sensitive electrometer-
grade preamplifier with auto-zeroing, a channel and gain-switching
multiplexer, a fast 16 bit AD-converter and a command decoder and control
logic unit. Transmission to the PC-card is accomplished through an optical
downlink for data and status information and an optical uplink for commands
and clock.

Channel X
Sarplng
ADC

Y

Data

—~

Mux

Statiss opt Downtink

7
Uplink
Logic o .
Power receiver
ranegemeat

-

r—

— -0tk

e ny
VS :;I l( :‘L Batteries
Probe touch
detector

The mechanical probe mounting device includes two different sensor systems
for frontal and sidewise probe contacts. They are used for mechanical surface
detection and the emergency system.

The input impedance of the DAE3 box is 200 MQ; the inputs are symmetrical
and floating. Common mode rejection is above 80 dB.

Note:

Due to the high impedance the offset voltage might dnft to several tenths of
microvolts if the inputs are left open. To take advantage of the high sensitivity
of the input electronic, a properly designed grounding and power distribution
system in the laboratory is necessary. See Grounding Problems, page 79 for
further information.

Important:
Keep the DAE dry; absolutely avoid condensing humidity in the DAE-box.

‘ Calibration: Required once a year.
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2.2.2 Batteries

The DAE works with either two
standard 9V batteries or two 9V
(actually 8.4V) accus. As the
electronics automatically
powers down unused
components during breaks or
between measurements, the
battery lifetime depends on
system usage. Typical lifetime

are >15 hours for batteries and >8 hours for accus. Remove the batteries if

you do not use the DAE over a longer time.

Note: The use of accus is highly recommended.

2.2.3 Probe mounting

The following steps illustrate how a probe should be connected to the data
acquisition electronics. Be careful when handling the probe!

Picture 2 Connect probe to box
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2.2.4 DAE connection

Connect the optical cable (black) from the
DAE (blue box) to the optical adapter (gray
box), and the serial cable from the optical
adapter to the PC-Board.

Picture 3 Cable connections

To switch on press the push button on top of the
electronic box shortly (less than a second). Pressing it
for more than two seconds turns the electronic box
off.

The box will turn off automatically 15 minutes after
switching off the computer.

Picture 4 Switch on (red light starts blinking)

Picture 5 Grounding connection
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2.3 Cabling

Optional

Safety circuitry

8m

Power: 3 x 400V + 1x 240V
or 3 x240V
or 3x208V
Robot 5m (optional 10m)
Controlier -« >
(~96 wires, @ 40mm)
A A
 E—
5m (opt. extension +10m) U o |
o o™ Y
QK Teach
& g o Remote Pendant
e Control
A

Robot
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2.4 Dimension compact version
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2.5 Phantom

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

) Left hand
o Right hand
. Flat phantom

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

A white cover is provided to tap the phantom during off-periods 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 properly 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 Installing the Generic Twin Phantom, page 52):

Phantom use with tissue simulating liquids:

e Water-sugar-solutions can be left permanently in the phantom. Always
cover the liquid if the system is not used, otherwise the parameters will
change due to water evaporation (see Tissue Simulating Liquid, page 82).

o Buthyldiglycol-solutions should be used with care. As glycol is a softener
for most plastics, the solution should be taken out of the phantom and the
phantom should be dried when the system is not used (also overnight!). A
test has shown a slight coloring of the inner surface after 3 months on
continuously being filled with 1.8 GHz Buthylfiglycol solution.

e Do not use other organic solvents without testing the phantom resistively
previously.
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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 so that the ear piece is in the
symmetry plane of the clamp).

2. Adjust the sliding carriage (2)
to 90°. Then adjust the phone holder
angle (3) until the reference line of the
phone is horizontal (parallel to the flat
phantom bottom). The phone reference
line is defined as the front tangential line
between the ear piece and the center of
the device bottom (or the center of the
flip hinge). '

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

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

5. Adjust the device position angles to the desired measurement position.
The rotation scale (7) gives the tilt angle from the body axis. C1 denotes
the intended use position (plane through ear openings and mouth); C2 is
the 30°-tilt position according to CENELEC. The angle of the sliding
carriage (8) gives the inclination angle of the phone (80° = intended use
position).

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

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

If the ear piece of the phone is shifted horizontally after changing the
device angles, the phone or the device holder is not correctly positioned.
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2.7 Validation kit

The validation dipole is a 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
at the flat section of the generic twin phantom filled with tissue simulating
liquid produces a repeatable and specified situation in which the dipole is
matched and characterized with respect to SAR.

See the dipole documents and the section system validation for more
information.
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2.8 Robot

2.8.1 Description

The Staubli RX60L, RX90, RX90L robots are high precision industrial robots.
The important characteristics in the DASY system are:

« High precision

« High reliability

« Low maintenance costs _

o Low ELF-fields due to closed metallic construction

Calibration

The probe positioning in the DASY SAR measurement system is not
depending on absolute robot accuracy. In vertical axis an optical or
mechanical surface detection system positions the probe accurately with
specified distances from the phantom shell. In the horizontal planes the
measurement location for integrated peak SAR-measurements is based on a
coarse grid search routine.

In the measurement document the position of each measured surface point is
stored as actual robot position read from the robot controller. Software
positioning errors can be traced in the document file.

The only necessary calibration of the robot which influences SAR-accuracy is
the accuracy of relative movements in the measurement volume, but the
robot will stop if the desired accuracy cannot be reached.
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2.8.2 Robot safety

Follow the safety regulations from robot manual provided by Staubli (Chapter
1 Safety):

Check that no one is within the robot work envelope when switching arm
power on or moving the robot. Always take tool offset into account.

Each time that the robot is moved using the teach pendant, select a low
speed.

Before any maintenance on the arm, make sure arm power is off.

Before any maintenance in the controlier cabinet, switch off the mains
supply via the mains isolator.

Note:
The customer must meet specific robot safety regulations of the
corresponding country.

The Staubli robot offers many possibilities for safe operation in industrial and
labor environments.

The minimum requirements should be:

L

Instructed persons should only eperate the system.

The safe area around the robot must be clearly marked (warning signs,
floor markings, barriers, shielded room).

For installation, teaching etc. the robot area may be entered only when
the robot is in manual mode and the operator has the teach pendant in
hand with the “dead man switch” functional.

Additionally the following options should be considered:

An external warning lamp can be connected to the robot indicating when
the robot arm is powered and when the robot is in program controlled
mode.

Additional safety products like switching floor mats, door switches, etc.
can be connected to the robot. They can be disabled by bringing the robot
in manual mode with the key switch on the front panel.

The robot controller can be rewired to reduce the voltage to the motor
amplifiers. (This mode is called “turtle mode” and Stiubli offers the
controller with switchable motor voltages). The DASY system works well
with reduced voltage. See the installation documents if the voltage has
been reduced.
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3. SOFTWARE

3.1 Installation

To install DASY3 for Windows 95 insert the CD-ROM and run the program
setup.exe in the directory ‘DASY3\DISK1V. Perform the steps of the
installation program.

Afterwards restart your computer and start the DASY3 program. Select ‘Setup
Config..." from the menu and change to the ‘Configuration’ Page in the dialog
(see Configuration, page 22). Press the ‘Import' button in the dialog. A File
Dialog will appear. Change to the directory ‘Configuration data’ on the CD-
ROM and select all files (press SHIFT - Key and select the first and the last

entry).

Afterwards try to check the installation by performing the steps described on
the next page.

If you are not sure that you have all options installed, check if the following
files are in the program directory:

dasy3.exe Main program

da3core.dll Base functionality for data acquisition
da3boardv3.dll DASY3 PC-Board support
da3e3d.dll E-field probe 3-dimensional
da3h3d.dll H-field probe 3-dimensional
da3temp.dll Temperature probe

da3tempscan.dil Temperature scan

da3full.dll Robot and Phantom support
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3.1.1 TestInstallation

After having successfully executed the proceeding actions, the following
steps should be performed:

L

Start up the application DASY3.

Press the multimeter button on the toolbar. ( ) If any error
messages appear in the window, perform the steps described in
State Information of Data Acquisition (page 45).

Choose your current settings (page 22).

Check for noise on the probe as described in Grounding Problems (page
79).

Press the robot button on the toolbar. ( ﬁ] ) If any error messages
appear in the window, perform the steps described in Starting up the
Robot (page 46).

Choose your current settings (page 22).

Setup the generic twin phantom {page 52).

Perform a validation (page 72).

Note:

Be sure that the optical detector is connected for dosimetric probes.
The DAE is switched on.

DAE box is connected.

All cables between robot, robot controller and PC-card are connected.
DAE unit corresponds to the probe calibration data.
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3.2 Configuration

You can choose your current setting by

selecting ‘Setup’ from the menu and
|'t1 selecting the entry you want to use
(e.g. ET3DV5-SN1309 is the selected
probe in figure) or you can open a
configuration dialog with ‘Setup
Config..." where you can also set the
current configuration under ‘Actual’

page.

—To see the parameters of the different
settings, you have to select the
‘Configuration’-page. Double click on
the type. You can remove items
(‘Delete’ — button) add new entries

< e PCBoad
¥ & Dats Acquston
7 [ Meanuement Profie

= beden (‘New'-button), Import or Export entries
e A~ to a different file and rearrange the
< ¢ " Q Vaidaton

order of the items with drag and drop.
To see the properties of the entries
press the ‘Options ...’ button. ‘Save All'
writes the configuration data to disk.

Phantom
Robot
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3.2.1 Access Rights

If several people will use the system, we recommend having one system
operator (‘Administrator) who defines all measurement procedures and
phantom settings. This prevents incorrect measurement data due to improper
parameter settings from users who are not very familiar with the system.

T S ———— If the access right is ‘User’, the parameters of
F it the complete acquisition system cannot be

changed, except for setting the parameters for
the device and the medium to be measured
and selecting with which probe, medium,
device and phantom the user wants to
measure.

As an ‘Administrator, you  can setup the
system for the user, e.g. set new conversion
factors for the probe, create new phantoms,
and import, export, or delete entries. To
change from user to administrator mode you need a password (see label on
configuration disk).

Manufacturer mode is reserved for Schmid & Partner Engineering AG.
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3.2.2 Probe

If you want to see the parameters of a probe press the button ‘Options’ in the
‘Setup Config...’ dialog.

B NN <] Every probe has a ‘General’ page

consisting of the type name, seral
number, and calibration date, as
well as whether the calibration data
is wvalid for data acquisition
electronics version 2 or version 3.

In the ‘Mechanicall page the
mechanical information of the probe
is stored. The length is used to
move the coordinate system from
the robot to the probe tip.

If the probe has the capability to detect the surface, a ‘Surface Detection’
page is added.

For optical detection, the distance
between the surface and where
the probe stops upon surface
detection must be entered (see
probe calibration sheet) for further
evaluation of the parameters see
Cube Evaluation, page 76.

£ -Field Probe {30} ] ] <]

With DAE3 a mechanical surface
detection capability was added. If
the value in the ‘Tip Surface
Distance’ box is greater than zero,
the probe will be retracted by this
amount after detecting the surface
mechanically.

The ‘Offset’-page shows the current offset setting for the probe. See Field
Measurements, page 42.
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3.2.2.1 E-field Sensitivity Factors

For detailed evaluations of the sensitivity factors, see Data Evaluation on
page 74. This data corresponds to the sensitivity factors on your calibration
sheet.

“Ficld Probe (3D} ' ' ]

To account for different types of mediums for SAR — measurements, you
have to define a conversion factor between the E-field in air and medium.
Select the ‘Conversion’-page:

t Field Probe (10} [x} t-Field Prabe [X]

52 Cociversion Faclor

For each medium and frequency range (for example brain simulating liquid
around 900 MHz) a conversion factor for the probe can be defined (see figure
on the right side). If you have checked the box ‘Select parameter
automatically’ and you want to perform measurements with the probe, then
depending on the frequency and the medium the first conversion factor which
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fits the solution range is used for subsequent measurements. If no
conversion factor for this solution range can be found, a warning will appear.
If you have not checked the box 'Select Parameter automatically’ the
highlighted set of conversion factors will be used if the frequency of the
device and the medium is within the solution range. You can add your own
new conversion factors for different frequencies or solution parameters by
pressing the ‘New'-button or delete a conversion factor set by pressing the
‘Delete’-button.




Schmid & Partner Engineering AG

3.2.2.2 H-field Sensitivity Factors

i ekd Pt 0 e A e — The sensitivity factors for the H-

field probes are similar to those of
the E-field probe. However,
because of the frequency
dependence of the H-field probe,
more parameters are need. For
the process of Data Evaluation,
see page 74.

3.2.2.3 Temperature Sensitivity Factors

i emperatwe Probe [1D] [ x] Temperatuze Prohe [x]

¢ Gl | Mchorical] Sutacs Do [y}« | Syl | T

fecsc

For different temperature ranges a set of sensitivity factors for the probe can
be defined (see figure on the right side). The selected temperature range will
be used for calculations and in scans (e.g. 0°-60° in left picture). For the
process of Data Evaluation, see page 74.
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3.2.3 Medium

A medium type (e.g. see example
in left figure) is defined by the
solution conductivity (o), the
relative permitivity of the solution
(e:), the density of the simulating
tissue in g/cm® and the frequency
range in which these parameters
are valid. If you perform SAR-
measurements with temperature
probes, you also have to specify
the density of the medium and the
heat coefficient factor.

To add a new entry press the ‘New’
button in the ‘Setup Configuration’
Dialog.

For information how to measure the tissue simulating liquid and what
tolerances are acceptable, see Tissue Simulating Liquid, page 82.
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3.2.4 Device

The device defines the excitation field. You must specify the carrier frequency
(only used for the evaluation of H-field probes) and crest factor. The crest
factor is the ratio between peak and average power (e.g. analog 1, GSM 8).

If you select ‘Simple Mobile Phone’ instead of just ‘Device’ when creating a
new device, a simple outline of the device can be entered.

3.2.4.1 Showing the Outline of the Device

To improve the visualization of the measurement, the device can be
visualized in the graphics. Select ‘Options Device’ and press the ‘New’ button.

Mahile Phane (Simple) ‘ ' B

To generate an approximation of the device tested, enter the data for the box,
the ear position, the connector size, the antenna and the tip length. You can

. change to the preview window to see whether your data matches with the
phone. In the graphics the ear center point will be put to the device reference
point defined in the section (see Section, page 34).
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3.2.5 Data Acquisition

The Data Acquisition is based on the Data Acquisition Electronics (short DAE,
black or blue box) and the PC-Board. The parameters of the PC-Board can
be changed with the jumpers on the board. Enter the same settings in the
dialog as are on your card (defautt from manufacturer). Afterwards, restart the

computer.

[oata Acquisition Eleciomes |

DASY3 can work in the
configurations DAE2 or DAE3.
However, the probes must be

calibrated for the correct Data
Acquisition Electronics, since the
input resistance is different for the
different DAE versions.

The range parameters correspond
to the DAE calibration sheet and
cannot be changed.

Attention! If you are working with
two different versions of DAEs, be
sure to change the DAE. The
software  cannot  automatically
recognize the DAE version.

Manufacturer setting for the PC-
Board is 300 (hex). If you have
conflicts with other boards in your
PC you can change the jumper
settings on the card and in the
software, but the computer has to
be restarted first before
measurements can be done. If the
power supply is not 50 cycles, it can
be changed to 60 cycles.
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3.2.6 Measurement Profiles

You can define different measurement profiles and store them similar as
other resources in DASY. You can define a measurement profile for a precise
single measurement or a measurement profile that is very fast. You also have
the possibility to visualize each individual measurement point in the complete
measurement.

The Data Acquistion Electronics

supports two different ranges, a low
range (up to 5 mV) and a high range (up
to 500 mV). If ‘Auto’ is selected, the first
20 ms are used to determine the
appropriate range used for the next
measurements. By selecting ‘No Filter
~eévery measurement sample (128us x 3)
is used, but the measuring time is
limited due to fifo overflow depending on
the speed of your PC-system. To
remove the noise from the line
frequency the ‘Notch line frequency’ is
best used. However, a free notch filter
time can also be chosen.

A measurement consists of two

parts, an auto zeroing and a °: Genca Meemfmt]swpcmcmml
measurement cycle. Enter the time
for each cycle. The auto zeroing
cycle zeroes the offset voltage of
the input amplifiers. Specify the
number of measurements after
which the zeroing cycle should be
repeated (or after how much time if
you click on [s]) and whether you
want to perform the zeroing cycle
after the measurement cycle. For
sensitive measurements and during
the warm-up of the electronics box,
the auto zeroing cycle should be
reactivated regularly.




—
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If the ‘Signal to noise ratio’ or ‘Noise
s g Condtion level' is activated, the measurement
will be evaluated after 32 samples
(e.g. if you have selected the notch
line filter this will be around 0.6s). If
the measured error is within the
signal to noise error or below the
noise level in a 99.9% interval, the
measurement will be stopped.
Otherwise, the accuracy evaluation
will be further perfomed until the
accuracy has been achieved or the
measurement time has passed.

If ‘per channel' is selected, every channel must be within the accuracy
definition, instead of only the total value.

For proximity profiles see Proximity Sensor Values, page 51; for temperature
probes see Temperature Scan, page 63.
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3.2.7 Phantom

DASY3 allows setting up two different kinds of phantoms; phantoms with
three reference points (e.g. Generic Twin Phantom) or phantoms without
reference points. The advantage of phantoms with reference points is that all
data stored for the phantom (boundary, origin, grids etc.) is relative to these
points, and if the phantom is moved the phantom can be reinstalled. In the
following sections the parameters for the ‘Generic Twin Phantom’ is
explained.

Each phantom is identified by a name
and must have a start point (select
‘Phantom Teach Start’ in the robot
window). The start point should be at a
place where the probe can easily be
‘cleaned and removed from the probe
holder.

If ‘Unlock Factory Settings' is pressed,
you can specify which type of surface
detection is applicable to this phantom.

If a reference system is used, the length and width of the reference system
can be entered. If the phantom is installed (the three reference points have to
be teached with the robot) the reference tolerance is used to check whether
the measured length and width is ~Rett .~ Ret2
within the specified tolerance. | «<~—— P > o~
Another check is if the leveling error
of the phantom (absolute z- Width
difference between reference Pt1,
Pt2 and Pt3) is within the tolerance. a

\ Rpt3

When the ‘Sections'-page is selected
a view from the top to the phantom is
selected. The coordinate system has

o its zero point on reference Pt1. One or
LT ‘|| more sections define the phantom.
. Lo 7”:\\ The section that is active is displayed

/ T T & J -l green, the inactive sections in blue.

Another section can be selected by
the drop-down listbox. You can delete
sections (‘Delete’-button), or create
new sections (‘New’-button).
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3.2.7.1 Section

If you press ‘Option’ on the ‘Sections’ page, all parameters for the section can
be set. A section is defined by the following parameters:

Reference point

Each section has a reference point. This point must be above the surface
where the probe stops with the surface detection. This point is used to define
different grids, display the device at this location and to do reference and drift
measurements. If the phantom is active in the robot window, press ‘Teach’
and a dialog will appear to teach the current robot position as the teach point.

Reference angle

With the reference angle the zero (tilt) angle of the probe holder can be set.
Move the probe with the robot into the direction of the zero angle and press
the ‘Teach'-button. Afterwards the zero reference angle will be displayed as
an arrow in the window. If the probe holder has the tilted angle scale in the
clockwise direction, check the Tilt angle clockwise'-box (e.g. Generic Twin
Phantom, Right hand Section).

Liquid level

If the liquid level is defined, all movement in this section from point to point will
be 1 cm below the liquid level (press ‘Teach’-button to set liquid level).
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Clearance
upper grid level
Appeoach path for the next grid point
]
/'/i . ;‘é'
el DN LA
\ Ceannce {*}]
@< Begin of curfaca detection
O~ Site of fleld measurement
Clearance [mm]
Air 0
Flat phantom 15
Head phantom 20
Boundary

The ‘Clearance’ option defines
the minimum amount by which
the probe should be lifted before
being moved horizontally to the
next measuring site. This ensures
that the probe does not touch any
part of the phantom while moving
between the two points. As a
short cut, the probe is actually
moved at an angle away from the
surface while moving towards the
next point. This also ensures that
it has a given clearance when
reaching the next point.

Clearance [°]

0
0
15

If you define more than one section for a phantom or you have an area that is
not freely accessible, it is absolutely necessary that a boundary is defined
(blue lines). A boundary consists of at least three points: it is not allowed to
have two points on the same location, and the boundary should be a polygon
with no intersecting lines in-between. You can add new points with ‘New’
button, removing the selected point with the ‘Delete’-button or reteach the
selected boundary point with the ‘Option’-button.

User points

If you want to define points for the phantom yourself, define user points the
same way you have defined boundary points.
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3.2.7.2 Grids

Every section can have predefined
grids, which users can easily select for
their measurements. Change to the
‘Grids’-page in the phantom dialog
and you can select different grids, add
new grids or delete existing ones.

Black circles displayed in the graph
are the points to measure viewed
from the top.

The grid dimension is defined by the
number of points in each direction
and the distance between the points.

The origin of the grid can be either the
reference point or the actual position
where the grid is started.

With ‘Detect’ the probe will be moved
towards the surface, with ‘Fix surface’
checked the probe will not move
lower than the coordinate.

To align the grid to the current orientation of the phone, the grid can be shifted
and rotated. Enter the number of points in the x- and y-direction to shift the
start point away from the grid point. The value in ‘Grid angle’ rotates the grid.

nx: 6, ny: 3 relx: 1, rely: 0.5 grid angle: 65°

Points that are outside of the boundary will not be displayed nor measured
(see third grid above).
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If you specify a relative amount for z, the probe will first detect the surface and
then move the relative point number times the distance of one z-axis point up
before measuring.

The orientation of the probe towards the grid is such that the x-sensor is
aligned toward the x-axis of the grid, if the rotation angle of the DAE-box and
the probe is specified. If another orientation is desired the probe orientation
angle can be specified to rotate the probe itself for the grid measurement.

{
:
@
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3.2.8 Robot

The parameters of the robot are the
free height, holder length and holder
angle.

The free height defines a height
where the robot can move the probe
around without touching any part of
the phantoms. If movements from
the software between sections or
phantoms are to be done, the robot
will first move the probe up to the
free height and move to the next
location at the free height before
going down to the next point.

The holder length is fixed set, the angle differs from the RX60L (45°) to the

RX90(L) (0°).
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3.2.9 Graphic Formats

Various graphic formats can be defined for specific measurement types (e.qg.
validation format, compliance format). See also Graphics, page 66.

Lt sphec f ot [x]

The ‘graphic format name’ will be
displayed in the graph menu.

If ‘Use Default’ is selected a unit can be
specified which will be set as the default
unit for opening a graph.

If ‘Use Evaluated' is selected extrapolated
values from the cube scans will also be
displayed.

A 3D scan is displayed with 2D contour
plots and a legend.

The legend will be displayed only if ‘Show
Legend' is selected.

‘Show Lines’ draws a black line on isolines
and between grid points.

For scaling the isoline, the minimum and
maximum values (automatic if ‘Use
Default' is selected) as well as the number
of isolines can be specified.

Scaling is either linear or pseudo log-scale (three lines per decade 0.1 0.2 0.5
1...). The graphics can be displayed in colors or in black-white.
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For scatter graphics (f(x) or f(x,z)) and polar graphics (f(angle)) minimum and
maximum values can also be set. Additionaly a grid can be displayed behind
the graphics (‘Showing’ checked, distance in ‘Line dx' and ‘Line dy’).

The device can be visualized in the
graphic. Select ‘Full’ or ‘Wireframe’
to display, ‘None' not to display the
device.

The plane can be made
transparent, so that the device
outline can be shown (see picture
below). Set the transparency value
and select ‘Show'.

Note: A plane will only be drawn
transparently if there is only one
plane in the graphics.

If a rotation value is entered, the
graph will be rotated counter
clockwise from the default setting
angle when the graphic window is
opened. An additional zoom factor
can be specified as well.

The option ‘3D-View' displays a curved grid which corresponds to the
measured data in a curved phantom. When the option has not been selected,
the measured coordinates are substituted by computed coordinates which
form a regular grid (without surface information, therefore the device will not

be included in the graphics).
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For the graphics a title, header and footer can be specified. If ‘Show Title’,
‘Show Header’ or ‘Show Footer is selected, the text will be shown; otherwise
the text is hidden. The alignment can be left, center or right, and the font can
be selected (Button ‘Font ..."). .

The first line in the title will be 50% larger fonts than the other lines. Text
entered in brackets (e.g. {Device:Name}) will be replaced by the current
settings in the scan (e.g. Dipole 1800 MHz).

To insert a new variable choose the drop down box (only functional when
using ‘Graph Options’ in the graphics menu):

Variable

{Comment}

{Device:Crest factor}
{Device:Frequency (MHz]}
{Device:Name}
{Device Antenna}
{Device Position}
{Document name}
{Dnift}

{Graph pos}

{Grid Dimension}
{Maximum}
{Medium:Parameters}
{Medium:Name}
{Name}

{Penetration depth}

{Phantom:Name}
{Phantom:Section Name}
{Probe:Name}
{Probe:Converson factors}
{SAR avg 1g and 10g}
{SAR cube type}

{SAR evaluation type}
{SAR peak}

{Scan evaluation}

Description

Comment in measurement document
‘Settings’-page

Device parameter

Device parameter

Device parameter

Antenna position in scan

Device Position (horiz and titted angle)

Filename

Evaluation from Drift - Scan
Position in graphics

Grid dimension of scan
Maximum value of grid points
Medium parameter

Medium parameter

Name of scan

Example

1.0

1800 [MHZz]

Dipole 1800

Out

(80°, 65°)

Validation 1800.da3

Powerdrift: 0.3 dB

Plane(1)

Dx = 10.0, Dy = 10.0, Dz = 10.0
1.66

o=1.7[mho/m] &= 1.2 p=1.00 [g/cm?)]
Brain 1800 MHz

Coarse

Average, Min and Max Penetration depth Penetration depth: 8.3 (7.8,9.2) mm

calculated from Cube 5x5x7
or z-axis scan

Phantom parameter
Phantom parameter

Probe parameter

Probe parameter

Cube evaluation

Cube evaluation

Cube evaluation

Cube evaluation (extrapolated peak)
Scan evaluation

Generic Twin
Flat
ET3DV5 SN:2008

'ConvF(4.50, 4.50, 4.50)

SAR (1g):1.50 [mWi/g) SAR(1OQ)
Cube 5x5x7

Worst-case extrapolation

Peak [2.75 mW/g]

Max at 33.0,4.5,3.9
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3.3 Field Measurements with Multimeter Option

If you have pressed the muttimeter button and the data acquisition displays
no error, the muttimeter window will appear. You can display the muitimeter in
a small ('View Small’), an extended ('View Extended’) or a large (‘View Large’)
window.

fsm st iMFTER.

If you have started a measurement (‘Measure Single’), the values and the
statistics will be displayed afterwards on this window. The values are
displayed in the specified unit, which can be changed in the gray listbox. The

number of the significant digits can be increased or decreased by pressing
the two arrow buttons. If you choose the ‘Off -switch, offset compensation will
be activated; if you choose ‘Rel’, the reference value will be taken into

account.

The multimeter can also be used for continuous measurements (‘Measure
Continuous’).

Select the ‘Options’ page and choose a
measurement profile for continuous
measurements.

Select in Continuous Measurement Profile’ the
new profile. If the value in ‘Moving Average’ is
greater than 1, the statistics will be based on the
specified number of measurements. The profile
can be directly changed by pressing the
‘Options’ button.
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3.3.1 Data Logging

All measured data can be exported to a text
file. The file will be created in the directory
where DASY3 was started.

If ‘Manual' mode is selected, you must press
the ‘Data Logging’ button every time; if ‘Auto’
is enabled, all measurement data will be
added.

You can specify whether you want to have the header information (units and
! components) and whether you want to add a comment after each
| measurement. Two units can be exported for one measurement, depending
on the selection, which is active.

3.3.2 Offset Compensation

When measuring extremely weak fields, the
! cdi Lo offset inherent in the probe can cause

~ relatively large measurement errors. In order

- to avoid this effect, the offset can be

~ measured and automatically accounted for
in the following measurements.

Suataic O | Reterenca | Opdone |

~ |t is important to have no electromagnetic

- fields when measuring the offset for any

probe. Increase the measurement time in

. the profile to about 5 seconds, perform the

' measurement and press the button ‘Last

. measured’ afterwards. If you want to

"~ compensate the measurement for further

measurements, press the ‘Compensate’ button. The offset compensation will

be assigned to the probe until you overwrite it again or quit the DASY3
software. :
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3.3.3 Measurements with a Reference

ELTTTTNII - ] |f ; relative value in the ‘Reference’ page is

o e entered and the ‘Relative’ switch is set, the
measurement data will be relative to this
value.

| 3.3.4 Toolbar

I ~ |
R
I
Data logging options
Add data to a file
Stop a measurement
Measure continuously with continuous profile
Start a measurement with single profile
Open multimeter, Initialize Data Acquisition

|
|
[
|
E
|
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3.3.5 State Information of Data Acquisition

DASY3 State T =l if an error occurs during
measurements, the Data
Acquisition Page will be shown. If
the state is not correct the Error
radio button is checked. ‘Check’
— button triggers a measurement
in high range and returns the new
state.

If measurements cannot be
started in the multimeter because
the buttons and menus are
grayed press one more time the
‘muftimeter button' to reinitialize
the Data Acquisition.

Battery low
Battery or accu pack is empty. Change batteries or accus.

DAE not switched on
Switch DAE on (upper part of the electronics box) or check the connection
from the PC to the DAE.

AD value underflow
The DAE received zero values. This appears in most cases when there is
high noise (e.g. from a power line) in the surrounding area.

AD value overflow
The measurement signal is too high for the DAE.

Common mode errors
Common mode signal is too high. DAE is not working in the linear range
Follow Grounding Problems on page 79.

Overflow in evaluation
The notch filter time is too long.

Driver unavailable or Download failed

The DAE-Driver cannot be started. Try to restart the computer, check that
there are no conflicts with base addresses. If the problem does not disappear,
contact Schmid & Partner Engineering AG.

Self test failed
There are problems with the PC-BoardV3. Please contact Schmid & Partner

Engineering AG.

Fifo overflow

Shorten the measurement time if you are not using a filter during
measurements.
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3.4 Robot and Phantom handling

3.4.1 Starting up the Robot

ROBOT

Turn on the main power switch of the control cabinet. The robot is ready when
all the lights on the manual control pendant have ceased to blink
(approximately 3 minutes). The arm power can then be switched on with the
COMP PWR button on the manual control pendant and pressing afterward
the arm power ON from the control cabinet (if.remote control is used the
power can be switched on/off trough the remote control instead of control
cabinet). The arm Power ON button on the control cabinet or on the remote
control will now light up. Only when this control lamp is activated can the robot
arms be powered.

IMPORTANT:

When you switch the robot off, always turn the ARM POWER off before
turning the controller switch off (position 0). If you switch the controlier off
before the arm power is turned off, the robot arm collapses considerably
before the brakes can stop it.

PROGRAM

To use the robot and phantom support press the Robot-button in the Robot

Toolbar.
| s = 0l The robot is controlied by the
: _“‘“"'lwl“j“__lm;__ | PC via the serial port (RS-
! ;::;a"::iiruozpmuwm.ma Taup 97 152253 =, 232). The ‘Monitor Page

e oaIHEX provides you with direct

! = Ertemd E-5TOP o

| [ Program sk 0 tovped o adcheck. 369 3 2T 40 37 152255 access to the serial interface.

! e : From this monitor level you

; '_-f:ﬁoqnhﬂtﬂsloppedldold’n:k.deoﬂ 740337 152258 v . are able '(O Send rObot
M € N . .

?‘ﬁﬁ?‘sr%‘r || commands (in its own

Hown'dﬂsmwdddaldeckicpfl 2T-Ay37 152253

language) directly to the

ﬂOEOT Robot pawer off Montor speed: 10 ‘-“: X
‘ robot controller.

YASK STATE MAIN PROGAAM CURRENT PROGRAM STEP CYCLES
ALK

,‘ 50 Nolectve delcheck dalcheck 3 0 00
:l Not active  dad.ir dad.rit 15 1 00

The first time the system is used software from the PC will be downloaded to
the PC. If the initialization of the robot was not successful an error dialog will

appear.
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DASY3 State ] i ) [<]

No robot window or DAE not ready
The Data Acquisition is not working properly or is not correctly set up. First
perform the initialization in ‘Data Acquisition’-Page.

Serial port is in use by another application
Another application is using serial port number one. Quit this application.

Serial cable from PC not connected to robot
The serial cable from PC to robot is not connected. Check the connection.

Serial cable from PC Board not connected
The serial cable from PC Board to PC is not connected. Check the
connection.

Power not enabled or Robot not ready

Robot arm power is not on, see Starting up the Robot, page 46, first
paragraph. If the problems remain, check whether the calibration was
successful (see Known Startup Problems, page 48).

Manual mode on teach panel
Switch on the teach panel back from ‘Manual' to ‘Comp' mode.

Touch active

First check, that all emergency buttons from the robot are released and that
the probe is not touching anything (otherwise the probe must be removed).
Afterwards press ‘Touch Release’, see also Touch System, page 50).
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If the initialization of the robot succeeds, a new window will appear called
MONITOR which displays communication information between the robot and
the PC.

If you choose the Monitor option you are actually on the robot control level. At
this level several movement and coordinate-handling instructions are
provided by the Menu. If you no longer need the monitor or direct access, just
double click on the system box of the Monitor window.

With' <ENTER> you call the robot, which answers back with the ready signal
<.>. Instructions to the robot can be directly typed in and can be transferred to
the robot controller by typing <ENTER> again or can be selected from a pull-
down menu. Any new instruction can only be transmitted to the robot after
the ready signal <.> reappears. Which means that the previous instruction
has been successfully executed and the robot is ready to receive new
instructions.

3.4.2 Known Startup Problems —-

Problem:

Sometimes, after the robot has been initialized, it is not possible to turn on the
arm power. First verify that the emergency stop has not been activated.

Solution:

Switch off the robot and turn off and on the robot control cabinet. In the
‘Monitor’-page the message “Calibration failed” will appear and the joint angle
of the robot which could not be calibrated will be displayed. Take the teach
pendant, change to the joint mode and try to adjust the incorrect joint angle. If
this does not work, you must move the joint angle of the robot manually (first
release the brake on the back side of the robot).

If you are using the RX60L robot and the calibration is lost you have to
recalibrate the robot, restart the controller (key switch to manual) and perform
the instructions in the monitor window.

ATTENTION! Before making manipulations manually within the workspace of
the robot, be sure to turn off the arm power for safety reasons.
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3.4.3 Elementary Robot Commands

Upper case letters are the robot controller instructions. Lower case letters are
variable parameters.

SPEED v

The speed (v) of the robot can be set as a percentage of the maximum speed
(100) with an integer value between zero and 100. For safety reasons the
speed is restricted to 20.

EX DA3.WHERE

Shows the current location of the tool (global Cartesian coordinates plus tool
orientation angles). The command WHERE can be used, but the coordinates
will not be relative to the phantom.

STAT
Returns the current robot status (speed information, current robot mode,
program tasks, etc...).

DO DEPARTS
Moves the probe the distance (in mm) up.

Robot commands can also be directly performed from the menu, and or
toolbar:

, |
, l Stop robot movement or surface detect
Reserved for later usage
Align probe
Start surface detection
Move to start point of current phantom
Lift probe 100 mm up
Lift probe 50 mm up
Lift probe 10 mm up
Open robot window or reinitialize

Align probe aligns the probe to the nearest world axis (x,y or z) and should be
done before the phantom is installed.

Surface detection can be performed, if the probe, phantom and Data
Acquisition Electronics support have the capabilities to detect the surface.

If all buttons are grayed the initialization was not successful. Press the robot
button one more time.
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3.4.4 Touch System

In case the probe touches the surface of the shell phantom, a so called
“touch" is activated, which should avoid damage to the probe. The probes are
very sensitive to mechanical stress and shocks. In a touch situation the robot
will immediately stop any further movements and turn off power to the arm. If
the probe slightly touches a surface robot power will go off. If the probe
touches hard the FAULT light turns on (located on the front side of the robot
control panel).

if the FAULT light appears on the robot, the emergency stop feature must first
be reset. The "Release Touch" command in ‘Setup State’, ‘Robot’-page
releases the "touch state" and deactivates the emergency stop.

Attention!

If the emergency stop is activated while the robot is moving, do not just
repower the arm after resetting the emergency stop. When the power is
turmed on in this special case the robot arm usually makes an unpredictable
movement that could badly damage the probe. Therefore, REMOVE THE
PROBE from the robot arm, if possible.
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3.4.5 Proximity Sensor Values

The proximity sensor provides information on how close the field probe has
approached the surface of the body. The information is provided using a
cylindrical bundle of optical fibers integrated into the field probe. One half
(semi-circle) of the fibers in the cross-section of this bundie transmits light,
which when reflected on a surface can be collected by the fibers in the other
half. Due to the parallax effect caused by the geometrical separation of the
transmitting and receiving fibers; the intensity of the reflected light always
reaches a maximum when the tip of the fibers is at a given distance from the
reflecting surface, largely independent of the angle of approach and the
nature of the reflecting surface.

The intensity of the reflected light is displayed as AD-values (16 bit). The
proximity sensor begins sensing an approaching surface at a distance of
about 10mm. As the sensor comes closer to the surface the reflected light
reaches a maximum at a distance of 2mm from the surface. However, the
distance at which the maximum can be detected depends on the angle of
approach.

There are two checks to be sure that the proximity sensor is working properly.

1. Detect the surface on a white paper. Select the proximity profile in the
multimeter, if the AD-values are around 40000, the proximity sensor is
correctly setup.

2. Detect the surface of the liquid. If the probes stops just above the liquid
surface, the proximity sensor is properly cleaned.

Note:
Always clean the sensor (at the tip of the field probe) after removing it from
the tissue simulating solution.
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3.4.6 Installing the Generic Twin Phantom

To set up the ‘Generic Twin’ Phantom perform the following steps:

1. Select the ‘Generic Twin’ Phantom from the menu.

[ DASY3 - RX DASY3 Benmic

2. Press the Align button on the toolbar to align the probe on the z-axis.

3. Select ‘Phantom Install from the menu, and the following dialog will
appear:

.2 DASY3 - RX DASY3 Genetic Twin

Lffe. Move:. iedmﬁobot i

4. The probe has to be moved using the teach pendant to the first reference
point. Position the probe just above the marker (see picture below left).
Press the button ‘Get Robot Pos' in the dialog to read in the current robot
position. Then press OK. The orientation (roll) of the probe does not
matter for installing the phantom.

- Rpt1 s Rpt2
o P

= ;

5. The same procedure must be
repeated for reference points 2
and 3. When this has been done
a dialog will appear which
indicates if the installation is now
within the tolerances set out in
the ‘Factory Settings’ for the
phantom.
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3.4.7 Verifying a Phantom with a Reference System

A check of the positioning of the phantom must be performed after you have
changed the probe or the phantom has been shifted slightly. If the phantom is
not active, select it from the ‘Setup Phantom’ menu.

if you select ‘Phantom Verify Ref Pt1' the probe will move to a
position 1 cm above the marker. If the horizontal position is correct
place the space between the probe and the marker to see if the
vertical position is also correct. Repeat this procedure with Reference
Pt2 and Reference Pt3. If the probe is not placed properly with
respect to the marker uninstall the phantom (‘Phantom Uninstall’) and
reinstall it (see Installing the Generic Twin Phantom, 52).

3.4.8 Additional Phantom Commands

Only a single phantom can be active at a time, during which the sections and
grids of the phantom can be seen beside the ‘Monitor-page in the
robot/phantom — window. If you need to change to another phantom, change
to the other phantom under ‘Setup Phantom’ and move to the starting point of
the new phantom.

Move Start
PR e e lil Moves the probe to the free height (see Robo
R 8] 1[1,] Moves the probe to the free height (see Robot,

page 38) and then to the starting point. Use this
starting point to disable the power of the robot
ooy i and to clean the probe whenever changing to
' - another probe.

Jmanmamanr

‘Move Section ...’

Moves the probe over the free height to the section. If a boundary has been
defined or if the liquid level has been teached, the probe moves to the device
point at the height of the boundary or 1 cm below the liquid level.

‘Move Device Pt

Moves the probe to the device point. Should you have changed probes, first
check with a ‘Move Device Pt safe’, followed by a ‘Move Surface' if the stored
device point is on the same height.

‘Moves Device Pt safe’
Same as Move Section, but then the movement does not go over the free
height.

‘Move Boundary ...," ‘Move User ...’
Moves the probe to the boundary or user point.
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‘Section Teach Liquid Level’

Teaches the liquid level of a section.

‘Show Boundary’
Moves the probe along the boundary.

| -2 DASY3 - RX DASY3 Genetic Twin
gerprTErE—y S B

‘Phantom Teach Start’
Teaches the start point of the phantom.
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3.5 Field Scans, Documents

Select ‘File New’ to create a new measurement document. The document
has two pages, a ‘Settings’ — page and a ‘Jobs'-page.

The ‘Settings’-page displays
the measurement date,
measurement number and
measurement environment.

W DASYIL ol <]}

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

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

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

The ‘Jobs'-page contains a

domgn i |0 Gt et list of the various tasks that
B = G — .~.|| “have to be performed for a
IR i P [Seskona] || given measurement. The
el & oo “|| example shows the first task
o % compieted »

to be a reference
measurement above the
£|| device point (Reference),
7l search for a maximum
1| (Coarse), and then two cube
|| scans to determine average
#11 SAR-values; and finally a z-
Axis measurement followed
uup by a drift measurement to check the power drift of the device. An
explantion of the jobs is given in the next chapter.

RS 5:'-‘,'-‘.'-“- R ,.._;__.?A_ ‘,'.'.'_if'\.'é_;"-" Rt AR SR ..'.7,:‘.»‘;.;_-___ PR H

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

The position enables automated field scans to be made along lines, across
planes or within volumes. The field is measured at discrete points, and the
raw data from the probe is stored together with the position information from
the robot and all involved calibration parameters.

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,
automatic detection of the phantom surface, etc.

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

[ 5oasv3-pasynn |

PN o cen Wi Heg: o NEW Scans (and Jobs) can be inserted with
Ewph"’c‘”«.—-y,m “ﬂebj : the ‘Job Scan ... menu. Scans can be

. inserted depending on the measuring setup
(e.g. Temperature scan is not possible with
an E-field probe).
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3.5.1.1 Coarse Scan

Coarse scans are used for the quick measurement of the field distribution in a
wider area and the determination for the interpolated maximum.

Maasurement Prafier

Im:lsa:hGJdB "l

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

If you press option the parameters of the section, grid and measurement
profile can be examined at and changed (see Phantom, page 33 and
Measurement Profiles, page 31). To define new grids for coarse scan
measurements change to the phantom setup.
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If a device with graphics has been defined the parameters for the device
position can be defined:

Grid coordinate angle and offset with respect to the reference point and
direction are defined in the grid menu (e.g. if you want to have the grid the
same alignment as the device, the titted angle of the device position should
correspond to the grid rotation).

.
PPt Titted angle
{clockwiseor
counterciockwise)

Section reference line

Device reference line Section reference point (ear center)

The reference point of the section determines the location of the device in the
| graphics. Device angles can be changed for each scan.

Example positions:

Position horizontal angle tited angle
intended use 80° ) 65° (C1)
touching position until touching head (<80°) 65° (C1)
100° position 100° 65° (C1)

30° tilted position 90° 35°(C2)
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The device will be shown below the reference point of the section. The
distance can be calculated approximately as follows:

Probe

/

1

) Sensor offset
Tip surface distance

{2) Shell Probe calibration point

Device
reference point
(loudspeaker opening)

Device reference line

Probe dipole point to surface of phantom (1): ca4 mm
(Depends on how the device point was teached)

Thickness of phantom shell (2): 2mm
Thickness of ear (3): 2mm
Distance of device ear point to phantom (4): 0 mm

(Depending on position of device)
Total 8 mm

If 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 reference point and shift the ear center position
to the antenna feed point).

If only small shifts are needed you can add a shift in x-direction and y-
direction (Note: coordinate system is that of the phantom for these
distances).
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3.5.1.2 Cube Scan (4x4x7, 5x5x7)

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

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

If ‘Last evaluated maximum' is checked, the cube will be centered at the last
evaluated maximum in a previous scan and the surface detection parameters
will be adjusted accordingly. An additional 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
grid angle and surface detection have to be adjusted.
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3.5.1.3 Reference and Drift scan

DASY3 supports the measurement 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 the grid page, the following dialog is
displayed:

The power reference
measurement 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.

To measure the power drift add the drift scan after the end of the
measurement scan. A reference scan has to be inserted previously. The
probe will 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.

Reference 824 V/m

Coarse Max at 46.0, 52.0, 3.9

Cube 4x4x7 SAR {1g} 0.360 [mW/gl SAR (10g} 0.225 [mw/g)
Drift 0.23d8

Cube 5x5x7 SAR (1g} 0.389 [mw/g), SAR (10gk 0.226 [mw/g]
Drift 0.27d8

Reference 8.50 V/m

Drift -0.01 d8
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3.5.1.4 Rotation (1D)

3.5.1.5 Z-Axis

Note:

To check the isotropy of the probe
move the probe 1 cm above the
section reference point and perform a
rotation scan. Specify the number of
points and the angle between the
points (e.g. No. of points 36, Angle
10°). The probe will be rotated about
the z-axis and then the deviation will
be calculated.

To measure the field distribution along
the z-axis at the current location insert
a z-axis scan. Specify the number of
points and the distance between the
points. If no surface detect has been
selected the scan will start at the
current location.

If fix surface’ is selected and a phantom with reference points is used, use
the command ‘EX DA3.WHERE’ in the robot monitor window to read the z-

height.
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3.5.1.6 Temperature Scan

Tempetatwe scan [x]

To measure temperature rise at the
current location insert a temperature
scan. It is important that a
temperature profile is selected for the
measurement profile.

!
|
i
+

ErrTrT RN <] A temperature profile is defined in

Evabssiion an additional page. Specify the time
interval where the calculation of the
temperature rise (1) should be
performed, and if a relative time
interval (2) should be deducted from
this amount.

(°C]

(M

fs]
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3.5.1.7 Evaluation

After each scan has been performed, the evaluation begins, and the resutt of
the evaluation is displayed at the right sight of the list box.

Reference 8.24V/m

Coarse Max at 46.0,52.0,39

Cube 4xdx7 SAR (1g): 0.380 [mWw/g] SAR (10g} 0.225 {mW/g]
Orift 0.29d8

Cube 5x5x7 SAR (1g} 0.383 (mW/g] SAR (10g} 0.226 [m\w//g}
Dt 0.27 d8

Reference 8.50 V/m

Drift Q.01 d8

Coarse Scan

Displays the interpolated maximum (in grid coordinates). With ‘Job Do Move
Interpolated Max’ the robot moves the probe to the interpolated peak of the
measurement (only in x,y direction, z is on liquid or boundary height for safety
reasons). With ‘Job Do Move Max-the probe is moved to the peak value
measured.

Cube

Displays the averaged volumes for 1g and 10g, a warning will appear if the
interpolated volume is touches the scan area. See Cube Evaluation, page 76
for a detailed explanation of the algorithm.

Reference, Drift

Displays the drift from the last reference value in dB.

Temperature scan

Displays temperature rise in mK/s.

3.5.1.8 Modifying Measurement Parameters

If the measurement is performed with wrong measurement parameters (e.g.
different medium parameters) the parameters can be changed. Select ‘File
Modify’ and change the parameters in the ‘Settings’-page (these changes are
only done in the document, if these changes are needed for the next
measurement change the parameters in the ‘Setup’-dialog t0o.).

Note:

The evaluation will not automatically be repeated. If some parameters have
been changed, select all measured scans in the ‘Job™-page and repeat the
evaluation with ‘Job Evaluate’.
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3.5.1.9 Export of scan data

From a measured scan it is possible to export the data to a text file. Select the
scan to be exported and select ‘File Save Scan As' from the menu. A dialog
will appear where a filename must be specified. A dialog appears up, asking

which data you want to have exported:

[C \Program Files\DASY3\|dev1800ICube 5x5x7.txt

The text file consists of a measured
point on every line. The fields are
spearted by tabs. If ‘Coordinates’ is
selected the coordinates of the grid
points are included, and afterwards
the first and the second unit will be
added with the selected
components.

If ‘Extrapolated data' is selected
the unit windows disappear
because only mW/g can be
exported.
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3.6 Graphics

The measured and evaluated scans can be visualized graphically by
selecting a graphics format from the menu ‘Graph’. All predefined graphic
formats (see Graphic Formats, page 39) are listed in the ‘Graph’ menu. The
first selected scan is visualized and the other selected scans are used for title
information (e.g. SAR evaluation results).

S DASCY v i8] Lo e}
O £ Bares “Irps_Hovy. Guagh Wicom fiep 0o 1Y
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3.6.1 Viewer Buttons

If the viewer window is too small, not all of these buttons will be visible.

_ﬂ Select/Pick Button

Selects object manipulation or pick mode (and deselects camera or viewer
mode). The cursor shape will change to an arrow.

Note: Not reserved for DASY3.

g}l View Button

Selects camera or viewer mode (and deselects object manipulation or pick
mode). The cursor shape will change to a hand icon. In this mode, the user is
moving the camera in 3D space.

=1 Help
This menu provides help about the application
Note: reserved for future versions.
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@J Home Button
Returns the camera to its home position (initial position if not reset).

@j Set Home Button
Resets the home position to the current camera position.

% View All Button
Brings the entire scene graph into view.

ﬁﬂ Seek Button

Allows the user to select a new center of rotation for the camera. When
clicked on (and in viewer mode) the cursor changes to a crosshair. The next
left mouse button press causes whatever is underneath the cursor to be
selected as the new center of rotation. Once the button is released, the
camera either jJumps or animates to its new position.

E Projection Button
Selects the type of camera used by the viewer. It toggles between the two
available camera types perspective and orthographic. Only displayed for
Examiner and Plane viewers.

3.6.2 Mouse Usage and Predefined Keys

Left Mouse: Rotate the virtual trackball.

Ctr + Left Mouse: Used for roll action
(rotates around the viewer forward direction).

Shift + Left Mouse: Translate up, down, left and right.

Ctrl + Shift + Left Mouse: Dolly in and out (gets closer to and further away
from the object).

Right Mouse: Open the popup menu.

Home: Sets camera to Home position

's'". Activate Seek mode.

Press (but do not hold down) the 's' key, then
click on a target object.

3.6.3 Popup Menu

The viewer can be removed by pressing the right mouse button and removing
the ‘Decoration’ check. The axes of the coordinate system can be shown with
‘Preferences Rotation axes’.




Schmid & Partner Engineering AG

3.6.4 Menu

If ‘Print 1/1" is checked, the contour plot will be printed
with the same dimension as the measurement scan
was. This can be useful for printouts of a flat
measurement area (e.g. free space measurement of a
mobile phone).

Different types of visualization can be chosen: one
contour plane in xy-, xz-, or yz-directions; all planes; a
volume; or scattering diagrams (f(z), f(x,z)).

The measured data can be displayed either by
components or as the resulting value. Select the unit in
which the values should be displayed.

If different planes are possible and only one plane is
selected, you can move this plane around the different
levels. The same applies to scatter graphics. To insert
the number or position into the plane, enter the variable
{Graph pos} into the title.

The parameters of the current graphics format can be
modified by selecting ‘Graph Options’. The
modifications will be valid only for this graph, except
when ‘Graph Update’ is selected to update the format
permanently. When ‘Graph Update As' is selected, a
new graphic format with this modifications can be
created.




-
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4. EXAMPLE PROCEDURES

In the following chapters three example procedures are explained:

¢ SAR —Measurement
e H-Field Scan
o System Validation
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4.1 SAR — Measurement

-

oo

10.

11.
12.
13.
14.

Stir liquid until it shows no effects of inhomogeneity.

Measure dielectric parameters. If the parameters are outside of tolerances
adjust or change the liquid.

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

Mount electronics box on robot arm. Turn electronics box on (allow 15
min. warm up for sensitive measurements).

Select mounted probe from menu ‘Setup Probe’ .

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 arm power is on: Open multimeter
window. Select profile ‘m4s az4s’ in the ‘Option’ page of the multimeter. If
the measured voltage is out of the acceptable range (+ 2.5 pV) check
grounding system (see Grounding Problems, page 79).

Check phantom position 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 (Installing the Generic Twin Phantom, page 52).

Stir liquid if necessary. The liquid should be homogeneous. If the liquid
shows effects of inhomogeneity, remeasure the liquid and or replace the
liquid.

Check surface detector using the ‘Move surface'. The probe should stop
ca 1 mm above the surface. (If not, move probe up and clean the probe
tip, repeat surface detect).

Move probe into selected phantom section.

Check for interference in liquid (analogue point 5).

Set up device.

The following files exist as predefined templates in the directory:
FCC left.da3 Intended use position, left hand
FCC right.da3 Intended use position, right hand
CEN intended left.da3 Iintended use position, left hand
CEN intended right.da3 Intended use position, right hand
CEN touch left.da3 Touching position, left hand
CEN touch right.da3 Touching position, right hand
CEN 100° left.da3 100° position, left hand
CEN 100° right.da3 100° position, right hand
CEN 30° titted left.da3 30°-tilted position, left hand

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

Open the file, save it under a different file name and start the
measurement.
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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 robot arm. Turn electronics box on (allow 15
min. warm up for sensitive measurements).

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

4. Open the robot-window in DASY3, select ‘Free Space’ from the ‘Setup
Phantom’ menu and move to the Point (‘Move Start’).

5. Check for interference while arm power is on: Open multimeter window.
Select profile ‘'m4s az4s' in the ‘Option’ page of the multimeter. If the
measured voltage is out of the acceptable range (¢ 2.5 pV) 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 to zero and the position of the
ear set to the antenna feedpoint.

8. Open a new file and measure a coarse scan with no surface detection.
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4.3 System Validation

N -

o~

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

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

Apply input power to dipole (10mW - 10W). The input power to the dipole
should be measured at the dipole input with a 500 measuring device to
an accuracy of 0.1 dB or better.

Select dipole from ‘Setup Device' (e.g. ‘Setup Device Dipole 900 MHZz').

In the directory predefined the following files exists as templates:

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

Open the file, save it under a different file name and start the
measurement. ) :

Use the ‘Validation’ — graphics format for the graphics. Since there are
two cubes (probe is 90° rotated to the other), the average and the
deviation of the evaluated values are displayed.

4.3.1 Additional System and Probe Checks

7.

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

Move probe to interpolated maximum, move to surface and retire the
probe ca Smm (“do departs 5”). Perform a probe rotation scan. (Check
first that the cables 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.

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 results
differ.
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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
Tissue Simulating Liquid

e o o & o




[
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5.1 Data Evaluation

The first step of the evaluation is a linearization of the filtered input signal to
account for the compression characteristics of the detector diode. This
compensation depends on the input signal, the diode type and the DC-
transmission factor from the diode to the evaluation electronics. If the exciting
field is 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,.2-Lf—

dep,
with  V; = compensated signal of channeli (i = x,y,z)
UluV] = input signal of channel i (i=xy,2)
cf = crest factor 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 evaluated as follows, depending on the probe type:

Ein v Hizﬁ.ai0+ailf+ai2f2
Norm, - Convl f
with  V; = compensated signal of channeli (i = x,y,z)
Norm; = sensor sensitivity of channel i (i=xy,2)
uV/(V/m)? for E-field Probes
a; = sensor sensitivity at 1 GHz for H-field probes
ConvF = sensitivity enhancement in solution
f = carrier frequency [GHz]
E = electric field strength of channeliin V/im
H; = magnetic field strength of channeliin A/m

The total field strength (Hermitic magnitude) can be calculated by taking the
RSS value of the field components.

Eu=yE'+E'+E’
The primary field data are used to calculate the derived field units.

SAR=E, 2} —Z
1000

with  SAR = local specific absorption rate in mW/g
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Eot = total field strength in V/im
G = solution conductivity in Siemens (mho)
o = solution density in g/cm?®

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.
2
P - Etol
pwe "
3770
with P, = equivalent power density of a plane wave in mW/cm?

Eet = total field strength in V/m
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5.2 Cube Evaluation

The spatial peak SAR - value for 1 and 10 g is evaluated after the Cube -
measurements have been done. If you change any parameter afterwards
with ‘File Modify’ (for example crest factor or medium factors) you will 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 data 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
between the surface and the lowest measuring point is ca 1 mm (see probe
calibration sheet). You can visualize the extrapolated data from a cube
measurement if you select Graph Evaluated.

(2) The maximal interpolated value is searched with a straight-forward
algorithm. Around this maximum the SAR - values averaged over the spatial
volumes (1g or 10 g) are computed using the 3d-spline interpolation
algorithm. If the volume cannot be evaluated (i.e., if a part of the grid was cut
off by the boundary of the measurement area) the evaluation will be started
on the corners of the bottom plane of the cube.

(3) All neighboring volumes are evaluated until no neighboring volume with a
higher average value is found.

Extrapolation

The extrapolation is based on a least square algorithm [W. Gander,
Computermathematik, p.168-180]. Through the points in all z-axis
polynomials of order four are calculated. This polynomial is then used to
evaluate the points between the surface and the probe tip. The points,
calculated from the surface, have a distance of 1 mm from one another.

Interpolation

The interpolation of the points is done with a 3d-Spline. The 3d-Spline is
composed of three one-dimensional splines with the "Not a knot"-condition
[W. Gander, Computermathematik, p.141-150] (x, y and z -direction)
[Numerical Recipes in C, Second Edition, p.123ff ].

Volume Averaging
Firstly the size of the cube is calculated. The volume is integrated with the
trapezoidal - algorithm. 1000 points (10x10x10) are interpolated to calculate

the average.

Advanced Extrapolation

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




Schmid & Partner Engineering AG

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. During
SAR measurements, the software performs the following tasks:

* Generates a measurement grid and sends the grid positions to the robot
controller. The robot will perform a slow downward movement at each grid
position.

« Filters and evaluates the signal from the surface detector to stop the
surface approach within a defined distance from the surface.

+ Reads the data from the data acquisition electronics (DAE2 or DAE3) and
evaluates the field strength using the scftware parameters from the probe,
liquid and device.

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

e Extrapolates the measured fine cube values to the surface. A numerical
process then searches within the measured and extrapolated cube for the
1g and 10g volume which yields the highest averaged SAR values.
Integrated SAR values are calculated in mWI/g using the parameter for
tissue density.

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

o The assessed data from the data acquisition electronics are stored as raw
data (as microvolt readings from the probe sensors), together with all the
necessary software parameters for the data evaluation (probe calibration
data, liquid parameters and device frequency and modulation data). The
evaluation is done at the moment of data visualization or export of the
evaluated data to other file formats. The measurement file can be used to
check (or change in case of erroneous values) the correct parameter
settings and repeat the evaluation. 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 as well as the measurement grid
positions sent to the robot. Visualization is 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 exported
data.

|
(
I
I
i
!
'
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|

The standard system validation procedure uses a calibrated dipole at a
specified distance (with spacer) and position from the phantom. The dipole
must be fed with a known input (forward) power, and normal SAR
measurements must be performed. The results (integrated SAR values, SAR
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distribution, decay within liquid) are compared with calibration data delivered
with the dipole or with any older measurements under equal conditions. This
validation checks the complete system, including software. Any malfunction in
the robot positioning system, the surface detection system, the probes or the
data acquisition would be detected, as well as incorrect liquid parameters or
incorrect parameter settings in the software.
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5.4 Grounding Problems

- 5.4.1 Introduction

The DASY3 measurement system includes field probes with high source
impedance and a very sensitive data acquisition. unit. Since the interaction of
the probe with the measured field should be as small as possible,
conventional shielding of the probe is not practical. Small signals from the
detector diodes in the probe are transmitted through highly resistive lines
inside the probe body to the data acquisition electronics (DAE). These lines
are completely exposed to any electric and magnetic fields produced in the
laboratory. Several measures in the system try to reduce the effects of any
signals picked up by these lines:

« High line resistiveness

e Highly symmetric construction of-the probe

» Highly resistive antistatic shielding in the probe to prevent the effects of
static charges produced by moving the probe

o Differential input amplifiers in the DAE, with high common mode ranges
and very high common mode rejection ratios

+ Resistive filters between the line and the detector diodes

« RF filters at the input of the DAE

e Floating ground of the DAE (battery operation and optical links to the data
evaluation unit)

« Numerical data filtering in the data evaluation unit

Despite all these measures, a bad measurement setup can produce
undesired output and decrease the sensitivity of the system. The smallest
signals detectable by the DAE are around 1uV, with source impedance of
around 10MQ. To profit from this high sensitivity, a careful measurement
setup is crucial.
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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.

The statistics beside the channel signal values provide maximum values,
minimum values and standard deviations. The standard deviation is taken
from the filtered signals; with no filtering, the standard deviation is a direct
measure of the input noise.

The fiiter is a notch filter on the power line frequency and all its harmonics.
(The power line frequency can be set in the options of the PC-Board).

To check the setup, 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
strengths in the probe area. These fields can often be considerably reduced
by proper grounding of the systems components. The disturbing fields can
have many sources, which can be different in each laboratory.

« Static charges in the setup
« ELF-fields from power lines
« other RF-fields

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

If you encounter a constant offset independent of the probe position, you can
compensate for it via the software in'the multimeter-offset page.

5.4.3 Strategies to Reduce System Noise (Offset)

Laboratory
If the offset is too high (> + 3 uV) and the probe is freestanding, check the
laboratory for disturbing field sources (ELF or RF).

Static charges

People are 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 touch the phantom during a measurement, even from
the outside - the charge you carry around will likely produce an AD-overflow
and abort the measurement. If you have to touch the phantom during a
measurement, you must ground the phantom and yourself beforehand. (Use
resistive cable or antistatic arm wrists to ground yourself.)
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Measurements without phantom

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

It the measured field is confined within an exposure system (e.g.,
measurements in small TEM-cells or in Waveguides), the DAE can be directly
connected to the outside metallic structures of the exposure system.

In open field situations such a direct connection might influence the field to be
measured. If the offset is still too high, connect the exposure equipment to a
power line outlet (electrically) near the power connection.

Measurements in phantoms

Regarding ground loop problems, everything said in the last section applies
here as well. Additionally, there might be some problems with static charges
when moving the probe around in liquid. In that case you should connect the
liquid to a grounding point. If this is not sufficient, the DAE can be connected
with a resistive line to a grounding point as well.
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5.5 Tissue Simulating Liquid

5.5.1 Recipes

Recipe I:

Water 40.1%
Sugar 58.0%
Salt (NaCl) 0.8%
HEC (Hydroxyethylcellulosis) 1.0%

Preservative Substance

900 MHz: &, = 42.5 + 5% and ¢ = 0.85 + 10% mho/m’

450 MHz: &, = 47.2 + 5% and o = 0.45 + 10% mho/m

'simulates tissue according to the data provided by C. Gabriel at 900 MHz.

Recipe Hl: —-

Water 40.4%
Sugar 56.0%
Salt (NaCl) 2.5%
HEC (Hydroxyethylcellulosis) 1.0%

Preservative Substance

900 MHz: &, = 41.2 + 5% and ¢ = 1.2 + 10% mho/m?

Zsimulates tissue according to the data provided by Pethig at 900 MHz
(Hartsgrove et al. BEMS 8:29-36, 1987).

Recipe lli:

Water 45.0%
Sugar 53.9%
HEC (Hydroxyethylcellulosis) 1.0%

Preservative Substance
1800 MHz: ¢, = 41.0 £ 5% and ¢ = 1.65 + 10% mho/m?®
simulates gray brain tissue according to the data provided byC.Gabriel at

1800 MHz.

Recipe IV:

Water 53.8%
Buthyldiglycol® 46.1%
Salt (NaCl) ' ' 0.1%

Preservative Substance not necessary

1800 MHz: ¢, = 40.3 + 5% and ¢ = 1.23 + 10% mho/m*

‘simulates the mean value of gray and with brain tissue according to the data
provided by C. Gabriel at 1800 MHz.

5Dietylenglycol-mono—buthyl—ether (Buthyldiglycol) is an organic solution and
only very sligthly toxic. Caution: it dissolves aliphatic and aromatic Epoxy
resins.
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5.5.2 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 calibration.

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

Set water temperature in HP-Software (Calibration Setup).

Perform calibration.

Validate calibration with dielectric material of known properties (e.g.

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 " by o = © g " = ¢" f [GHz] / 18.

Measure liquid shortly after calibration. Repeat calibration every hour.

Stir the liquid to be measured. Take a sample (~50ml) with a syringe from

the center of the liquid container: -

9. Pour the liquid into a small glas flask. Hold the syringe at the bottom of the
flask to avoid air bubbles.

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

11. Perform measurements.

12. Adjust medium parameters in DASY3 for the frequencies necessary for
the measurements (‘Setup Config’, select medium (e.g. Brain 800 MHZz')
and press ‘Option’-button.

13. Select the current medium for the frequency of the validation (e.g. Setup

Medium Brain 900 MHz).

N —
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sar and far field exposure of the human- body o o_noqw.niw.smmn fields in the frequency

1ge of mobile communications (30 MHz - 6 GHz) results in induced clectromagnetic fields
the human tissue. The macroscopic interaction with the_ field increases the random
slecular-motion in the tissue, i.c., part or the entire induced electromagnetic energy is
nverted to heat energy. The depth of penetration is frequency dependent and ranges from
seral centimetres-to a few millimetres, The biological effects which result from such
nperature increases are rather well understood and are commonly referred as thermal
ects. They are the basis for the basic restrictions in the current standards for the protection
the occupational and general population to electromagnetic exposure above 1 MHz. In the
lowing the requirements for testing mobile communication equipment (MTE) are defined,

*h that compliance with the basic restrictions are achieved, The basic restrictions and-

o_,osno ~o<o_vm:wm<oc :.5_.:%9.;383;8359580 .of the Buropean Prestandard
[50166-2 (ENV,1995) approved by CENELEC on 30.1 1.94, ,

ler standards discussed by the working group are the ICNIRP [IRP,1988) recommendation
I the ANSI/TEEE standard {ANS/1,1992]. It was concluded by the majority of the working
wup member that compliance with the, Buropean Prestandard EN50166-2 provides
nprehensive protection from thermal adverse health effects due to exposure from MTE.,
wever, the requirements defined for testing procedures may .also be extended to testing
npliance with different basic restrictions, ¢.8., as-those defined in the ANSVIEEE standard
NS§/1,1992). The considerations and conclusions of this report are also consistent-with the
ently published statement of ICNIRP about the health issues related to the use of handheld

iotelephones and base transmitters E.OZ._SS. -

2.SCOPE © .~ .

This report deals with the safety considerations of thermal effects for human exposure (o

electromagnetic fields from MTE in the frequency range of 30 MHz 10 6 GHz. It does not
consider the effects on implants, such.as cardiac pacemakers, nor does it consider the
exposure of persons to'electric and magnetic fields during medical research, diagnosis or
treatment. Additional considerations are also necessary for persons with metalic implants in
the area of the brain or ear (i.c., metal plates or clamps).

Although this report assumes a fairly wide interpretation of the word “mobile” (see Appendix
A), the material herein concentrates solely on handheld and other portable MTE and the basic
requircments for testing the compliance of such devices with the basic safety limits which
have been developed. :




PHYSICAL QUANTITIES, UNITS AND CONSTANTS © ~ ~ . . o

H.Dg:m:.nm .. ....: p.

e ?Ranmoaaq .»nmomw& mh.ca.m.a are used throughout the s

tandard. >

e,

santity mwu&ou . .G.E..ﬁ.,“ . Vi&&.mau . _
urent density ' J L v.fﬂ,.ﬁvonm,wm;.p.cmno.io.:o... A/m? o
uoﬁoﬂ.w_o_a stength E e <o=.wmﬁ. .::.:.ho.. ) i . Vim. )

sctric flux aosmmc.“ -~ D .OoEom& vmn.mnrumo.a.oqo. C/m?

unio. szacn:inw o mmoSAoau permetre ~S/m

.b:o...o.« . f . . :o.n.u : - , I.N

ignetic field strength  ~ H .>va3 per Eo.:o. - A/m

\gnetic flux density B Tesla (Vs /m?) . T . :
iss Density . “p - E_o..wg.nczo Bo.:.o . xm\..&u

Bomc::« o . t Henry per metre’ - I\B -

mitiviy . & " Firad per metre . _n F/m .

ver density . s Y.,...4‘<<.m: vmn m,a.cm.a.o Enrn b .YMSEN.. .
cific mEon..o: BS.. . m>- ......¢..<w.: wﬁ.E_owBS 4 . i\ww .. 4
velength ) ) » “Metre .- . _..5 o .

perature . T Kelvin ; B X e K . _
Constants o - .

sical constant .Zwmaamo. . ., 2 -

ity of light ¢
aittivity of free space - ¢,
aeability of free space i,

sdance of .»..Eo space 7,

A_N...wu.q.xmowim. L o R
mmuax _.o..ﬁ.m.i o -
, .Soao_,,.www..b....

4. TERMS AND DEFINITIONS

4.1 >¢2.»n» Q.oxgvﬁ.nc.sv&_.m& power (Pavg), The time-averaged rate of energy transfer
defined by: o :

A L : . - s . .
L P = __ P(t)d @.1)
. . TR . f -l~:_‘ o
where ty and tp are the start and stop time of the oxwowcno. The period 1 - 1) is the exposure
duration time. Co a . . : .

4.2 Averaging time (tavg). The %v&vam_o time over which exposure is averaged for
" purposes of determining compliance with the limits. )
4.3 Basic restriction. The basic restriction is the ceiling level that should not be exceeded
under any conditions. The basic restriction includes the necessary safety margins.

4.4 Conductivity '(5). The ratio of the conduction-current density.in'a medium to the clectric

field strength. Conductivity is expressed in units of Siemens per metre (S/m).

4.5 Oo::-.:._ecw exposure. Exposure for a duration exceeding the corresponding averaging

time. Exposure for less than the averaging time is called short-term exposure.

4,6 Dielectric constant ( &), see Permittivity. : , . .
4.7 Duty factor (duty cycle). The ratio of pulse duration to the pulse period of a periodic

~ pulse train. A duty factor of unity corresponds to continuous-wave operation. .

" 4.8 Electric field u:o,n.....nn. .Q.U...?o .Bmma:ao of a field vector at a point that represents the
.- force (F) on a positive small charge (¢ ) divided by the charge. o
m_o.omn.o field strength is expressed in units of volts per metre (V/m).

“42)

4.9 Electric flux density (D). The magnitude of a field vector that is equal to the clectric field
strength (E) multiplied by the permittivity (€)

D=¢£ - : 4.3)

Electric ncxvaosﬂo\ is expressed in units of coulomb per square metre (C/m?2). .
4.10 Exposure. Exposure occurs whenever a person is Subjected 10 electric, magnetic or

o_onqo.ammaoan fields or to contact currents other than those originating from physiological
processes in the body and other natural phenomena. ) o

-a.ﬁ. mxvo.u_.:o _n<n_..q.:m<u_=wo~.§o quantity used when a person is exposed to
_electromagnetic fields or contact currents, : . .

4.12 Exposure, direct effect of. The result of a direct interaction of the exposed human body

with o_ooqoammaonn fields.

4.13 Exposure, partial-body. Partial-body exposure results from concentrated deposition of
the energy. - . ‘ : . .
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