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APPENDIX 3 : System specifications
1. Configuration and peripherals
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The DASYS system for performing compliance tests consist of the following items:

a) A standard high precision 6-axis robot (Stdubli RX family) with controller and software.
An arm extension for accommodating the data acquisition electronics (DAE).

b) An isotropic field probe optimized and calibrated for the targeted measurement.
¢) A data acquisition electronic (DAE), which performs the signal amplification, signal multiplexing,
AD-conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is battery powered
with standard or rechargeable batteries. The signal is optically transmitted to the EOC.
d) The Electro-optical converter (EOC) performs the conversion between optical and electrical of the signals for
the digital communication to the DAE and for the analog signal from the optical surface detection.

The EOC is connected to the measurement server.

e) The function of the measurement server is to perform the time critical tasks such as signal filtering, control of
the robot operation and fast movement interrupts.

f) The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the
probe positioning.

g) A computer running WinXP and the DASYS5 software.
h) Remote control with teaches pendant and additional circuitry for robot safety such as warning lamps, etc.

i) The phantom, the device holder and other accessories according to the targeted measurement.
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2. Specifications

a)Robot TX60L

Number of Axes
Nominal Load
Maximum Load

Reach

Repeatability

Control Unit
Programming Language
Weight

Manuafacture

b)E-Field Probe

6

2 kg

Skg

920mm
+/-0.03mm
CS8c¢

VAL3

52.2kg

Staubli Robotics

Model
Serial No.
Construction

Frequency
Directivity

Dynamic Range

Dimensions

Application

Manufacture

c)Data Acquisition Electr

EX3DV3

3507

Symmetrical design with triangular core

Built-in shielding against static charges

PEEK enclosure material

(resistant to organic solvents, e.g., glycol ether)

10 MHz to > 6 GHz Linearity: + 0.2 dB (30 MHz to 6 GHz)
+/-0.3 dB in HSL (rotation around probe axis)

+/-0.5 dB in tissue material (rotation normal probe axis)

10uW/g to > 100 mW/g;Linearity

+/-0.2 dB(noise: typically < 1uW/g)

Overall length: 337 mm (Tip: 20 mm)

Tip diameter: 2.5mm (Body: 12 mm)

Typical distance from probe tip to dipole centers: 1 mm
Highprecision dosimetric measurement in any exposure scenario

(e.g., very strong gradient fields).Only probe which enables compliance
testing for frequencies up to 6GHz with precision of better 30%.
Schimid & Partner Engineering AG

EX3DV3 E-field Probe

AE4)

Features

Measurement Range
Input Offset voltage
Input Resistance
Input Bias Current
Battery Power
Dimension
Manufacture

Signal amplifier, multiplexer, A/D converter and control logic

Serial optical link for communication with DASY5 embedded system (fully remote controlled)
Two step probe touch detector for mechanical surface detection and emergency robot stop
-100 to +300 mV (16 bit resolution and two range settings: 4mV, 400mV)

<5 uV (with auto zero)

200 MQ

<50 fA

> 10 h of operation (with two 9.6 V NiMH accus)

60 x 60 x 68 mm

Schimid & Partner Engineering AG

d)Electro-Optic Converter (EOC)

Version EOC 61

Descrption for TX60 robot arm, including proximity sensor
Manufacture Schimid & Partner Engineering AG
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e)DASY5 Measurement server

Features :

Dimensions (L x W x H)
Manufacture

f) Light Beam Switches

Intel ULV Celeron 400MHz

128MB chip disk and 128MB RAM

16 Bit A/D converter for surface detection system
Vacuum Fluorescent Display

Robot Interface

Serial link to DAE (with watchdog supervision)
Door contact port (Possibility to connect a light curtain)
Emergency stop port (to connect the remote control)
Signal lamps port

Light beam port

Three Ethernet connection ports

Two USB 2.0 Ports

Two serial links

Expansion port for future applications

440 x 241 x 89 mm

Schimid & Partner Engineering AG

Version LB5

Dimensions (L x H) 110 x 80 mm

Thickness 12 mm

Beam-length 80 mm

Manufacture Schimid & Partner Engineering AG
g)Software

Item Dosimetric Assesment System DASYS
Type No. SD 000 401A, SD 000 402A

Software version No.
Manufacture / Origin

h)Robot Controll Unit

DASY52, Version 52.6 (1)
Schimid & Partner Engineering AG

Weight 70 Kg

AC Input Voltage selectable
Manufacturer Stiaubli Robotics
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i)Phantom and Device Holder

Phantom
Type
Description

Material

Shell Material
Thickness
Dimensions
Volume
Manufacture

Type
Description

Material

Shell Thickness
Filling Volume
Dimensions
Manufacture

Device Holder

SAM Twin Phantom V4.0

The shell corresponds to the specifications of the Specific Anthropomorphic Mannequin

(SAM) phantom defined in IEEE 1528 and IEC 62209-1. It enables the dosimetric evaluation of
left and right hand phone usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on the phantom allow the complete
setup of all predefined phantom positions and measurement grids by teaching three points with
the robot.

Vinylester, glass fiber reinforced (VE-GF)

Fiberglass

2.0 +/-0.2 mm

Length: 1000 mm Width: 500 mm Height: adjustable feet

Approx. 25 liters

Schimid & Partner Engineering AG

2mm Flat phantom ERI14.0

Phantom for compliance testing of handheld and body-mounted wireless

devices in the frequency range of 30 MHz to 6 GHz. ELI4 is fully compatible with the
latest draft of the standard IEC 62209 Part II and all known tissue simulating liquids.
ELI4 has been optimized regarding its performance and can be integrated into our
standard phantom tables. A cover prevents evaporation of the liquid. Reference
markings on the phantom allow installation of the complete setup, including all
predefined phantom positions and measurement grids, by teaching three points. The
phantom is supported by software version DASY4.5 and higher and is compatible with
all SPEAG dosimetric probes and dipoles.

Vinylester, glass fiber reinforced (VE-GF)

2.0 £ 0.2 mm (sagging: <1%)

approx. 30 liters

Major ellipse axis: 600 mm Minor axis: 400 mm

Schimid & Partner Engineering AG

In combination with the Twin SAM Phantom V4.0/V4.0c or ELI4, the Mounting Device enables the rotation of the
mounted transmitter device in spherical coordinates. Rotation point is the ear opening point. Transmitter devices can be
easily and accurately positioned according to IEC, IEEE, FCC or other specifications. The device holder can be locked for

positioning at different phantom se

Material

Laptio Extensions Kit

ctions (left head, right head, flat).

POM

Simple but effective and easy-to-use extension for Mounting Device that facilitates the testing of larger devices according
to IEC 62209-2 (e.g., laptops, cameras, etc.). It is lightweight and fits easily on the upper part of the Mounting Device in
place of the phone positioner. The extension is fully compatible with the Twin-SAM, ELI4 Phantoms.

Material

Urethane

POM, Acrylic glass, Foam

For this measurement, the urethane foam was used as device holder.
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j)Simulated Tissues (Liqg

uid)

The following tissue formulations are provided for reference only as some of the parameters have not been thoroughly
verified. The composition of ingredients may be modified accordingly to achieve the desired target tissue parameters
required for required for routine SAR evaluation.

. Frequency (MHz
Mixture (%) 450 900 1800 1950 2450
Tissue Type Head | Body | Head | Body | Head | Body | Head | Body | Head | Body
Water 3891 | 46.21 | 40.29 | 50.75 | 55.24 | 70.17 | 55.41 | 69.79 | 55.0 68.64
Sugar 56.93 | 51.17 | 57.90 | 48.21 | - - - - - -
Cellulose 0.25 0.18 0.24 0.00 | - - - - -
Salt (NaCl) 3.79 2.34 1.39 0.94 | 0.31 0.39 0.08 0.2 - -
Preventol 0.12 0.08 0.18 0.10 | - - -
DGMBE - - - - 4445 | 29.44 | 4451 | 30.0 45.0 31.37
Dielectric Constant | 43.42 | 58.0 42.54 | 56.1 42.0 56.8 39.9 54.0 39.8 52.5
Conductivity (S/m) | 0.85 0.83 0.91 0.95 1.0 1.07 1.42 1.45 1.88 1.78

Note:DGMBE(Diethylenglycol-monobuthyl ether)

. Frequency(MHz)
Mixture (%) 5800
Tissue Type Head Body
Water 64.0 78.0
Mineral Qil 18.0 11.0
Emulsifiers 15.0 9.0
Additives and salt 3.0 2.0

Decision on Simulated Tissues of 5GHz band

In the current standards (e.g., IEC62209-2, IEEE P1528, OET 65 Supplement C), the dielectric parameters suggested for
head and body tissue simulating liquid are given at 3000MHz and 5800MHz. As an intermediate solution, dielectric
parameters for the frequencies between 5000to 5800 MHz were obtained using linear interpolation.

Therefore the dielectric parameters of 5200MHz,5300MHz,5600MHz and 5500MHz(The frequency for the validation)
were decided as following.

f (MHz) Head Tissue Body Tissue Reference
er 0 €T o
[mho/m] [mho/m]

3000 38.5 2.40 52.0 2.73 Standard
5800 353 5.27 48.2 6.00 Standard
5000 36.2 4.45 49.3 5.07 Interpolated
5100 36.1 4.55 49.1 5.18 Interpolated
5200 36.0 4.66 49.0 5.30 Interpolated
5300 359 4.76 48.9 5.42 Interpolated
5400 35.8 4.86 48.7 5.53 Interpolated
5500 35.6 4.96 48.6 5.65 Interpolated
5600 35.5 5.07 48.5 5.77 Interpolated
5700 354 5.17 48.3 5.88 Interpolated

Standard and interpolated dielectric parameters for head and body tissue simulating liquid in the frequency range
3000 to 5800MHz.
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3. Dosimetric E-Field Probe Calibration (EX3DV4,S/N: 3540)

Calibration Laboratory of
Schmid & Partner
Englneering AG

Zeughausstrasse 43, B04 Zurioh, Switzorland

by lhe Suiss A dilation Serves (SAS)

g Schwelzerischer Kallbriardienst
Servico sulsse d'dtalonnage
Servizlo svizzoro di taratura
Swisa Callbration Service

Accreditation We.: SCS 108

The Swiss Accreditation Sarvice Ia one of the signataries ta tho EA

Ag for the recognition of

Cllant

EX33540ult

. [CALIBRATION CERTIFICATE _

. \ehich realize the: physlcal unite of measuramants (51}

probabllity ere ghvar on the folowing pages and are part of Ihe cerlificals,

T

| Object [EX3DV4 - SN:3540
Calibralion procedure(s)
Calibralion date: Ralyai:201
This cakit tifical umenis the Eality o national
The and Ihe Inties with £
Al cabbrations have been conducied in the closed fab facdlily:

H Calibration Equipment used (MATE critical for calibralion)

|

(22 4 3)°C and humidily < 70%.

| Scheduled Callbralion

Primary Standards o] Gal Dala (Carifieats No.} B i
] | Powar malar E44198 GB41203874 3t-Mar-11 (No. 217.01372) Apr-12 !
| | Fower sensor E4412A MY41496087 Si-Mar-11 (No. 217-01372) Ap-i2 i
{ Heterence 3 48 Attenuator | SN: 55054 (3c) 29-Mar-11 (Mo, 217-01369) Apra12 ] '
] | Reference 20 dB Altenuator | &N: 55088 (20b) 26-Mar-11 (No. 217-01367) Ape-12 ) i
| Refarence 30 J8 Allenvator | SM: 55125 (30B) 23-Mar-11 (No. 217-01370) Apr-12 ¢
Reference Probg ESIDVZ SN 3013 28-Dec-10 (Ho, ES3-3013_Decld) Dug-11 |
i DAE4 SN: 854 3-May-11 (No. DAE4-654_May11) ay-12
H dary [[+] Chack Dats (in houss) | &ch Check
| IRF generator HP S845C US3842U01730 4-Aug-89 (in house chack Oct-08) \n houss chack: Qet-11
! Nelwork Analyzer HP BYS3E US37380585 18-Qct-01 (In house check Ocl-10} In house check: Dct-11

}a alug.

Gabbrated by: Sl

Approved by: |
|
| lssued; July 21, 2011

This calibration shall nol be Juced except in full without written appeaval of tha

Cerlificate No: EX3-3540_Jul11
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Calibration Laboratory of S, Soh ©
Schmid & Partner \b “;': g Service sulsse d'élalonnage
Engineering AG T3 S Servizo svizzere di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ’,,,ﬁ....” Swiss Callbration Service
Aczradited by the Swiss Accreditation Sendce (SAS) Accreditetion No.: SCS 108

i The Swiss Accreditatlon Service is one of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates
Glossary:
TSL tissue simulating llquid
MORMzx,Y,2 sensilivily in free space i
ConvF sensitivity in TSL f NORMx,y,z
DCP diode compression point |
CF crest factor (1/duty_cycle) of the RF signal i
ABC modulation dependent linearization paramaters i |
Polarization ¢ « rotation around probe axis
Polarization § 9 rotation around an axis that is In the plane normal to probe axis (at measurement center),

L.e., 8 =0 Is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Abscrpticn Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremant
Techniques”, Dacember 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
«  NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMzx,y,2 are only intermediate values, i.e., the uncertaintios of NORMzx,y.z doss nol affect the E*-field
uncertainty Inslde TSL (see below ConvF).

+  NORM(xy,z = NORMy.y.z * frequency_response (see Frequency Rasponse Chart). This linearization Is
imple ted In DASY4 sofly versians later than 4.2, The uncertainty of the frequency response Is included
in the stated uncortalnty of ConvF,

«  DCPxy.z: DCP are numerical linearization parametars assessed based on the data of powor sweep with CW ]
signal {no uncerlainty required). DCP does not depend on frequency ner media. i

«  PAR:PAR Is the Peak to Average Rativ thal Is nol calibrated but determined based on the signal
characteristics

| e Axyz Bxy.z Cxy.z VR Y2 A, B, Care numerical linearization parameters assessed based on the data of

; power swoap for spacific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibralion range expressed in RMS voltage across the diode.

«  ConvF and Boundery Fffact Paramelers: Assessed in flat phantom using E-fleld (or Temperalura Transfar

Standard for f < 800 MHz) and inside wavegulde using analylical field distributions based on pawer i
measurements for f > 800 MHz. The sama selups ara used for assessment of the parameters applied for
boundary compansation (alpha, depth) of which typical uncertainty values are given. These parameters are
used In DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx, .z * ConvF whereby the uncerlainty corresponds to that given for ConvF. A frequency dependent
ConvF lg used In DASY varslon 4.4 and higher which allows extending the validity from * 50 MHz fo £ 100
MHz.

i = Spherical Isotropy (3D devialion from Isotropy): in a field of low gradients realized using a flat phanlom

! expesed by a patch antenna.

«  Sensor Offsef: The sensor offsel corresponds to the offset of virtual measurement center from tha proba tip
(on probe axis). No tolerance required.
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EX3DV4 — 5MN:3540 July 21, 2011

Probe EX3DV4

SN:3540

Manufactured:  August 23, 2005
Calibrated: July 21, 2011

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3540

July 21, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3540

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm {(uV/(V/im)*) 0.45 0.53 0.54 +10.1 %
DCP (mV)® 100.9 101.2 99.2
Modulation Calibration Parameters
uID Communication System Name PAR A B C VR Unc®
dB dB dB mV (k=2)
10000 CW 0.00 X 0.00 0,00 1.00 139.8 2.2%
Yy | 000 0.00 1.00 119.0
Z | 0.00 0.00 1.00 112.5

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

" The uncertainties of NormX,Y.Z do not affect the E*ield uncertainty inside TSL (see Pages 5 and 6)

E Numerical linearization parameter: uncertainty not required.

= Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: EX3-3540_Jul11
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EX3DV4- SN:3540

July 21, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3540

Calibration Parameter Petermined in Head Tissue Simulating Media

F(MHZ)C | Permittivity” :_gﬂn‘ Y1 coni x ConvFY | ConvFZ | Aipha ?ﬁﬁ }{(rl-?zt)
300 45.3 0.87 1139 | 1138 | 1139 | 020 | o7t | +134%
450 435 087 | 1047 | 1047 | 1047 | 012 | 187 | £134%
836 a5 0.90 1002 | 1002 | 1002 | 080 | o073 | #120%

900 ns 0.97 062 | 982 | 082 | 057 | 077 | £120% |
1450 40.5 1.20 8.81 9.81 081 | 036 | 143 | £120%
1640 403 129 935 | 935 | 935 | 069 | 060 | +120%
1750 404 1.47 9.13 9.13 913 0.77 0.55 +12.0 %
1810 40.0 140 8.1 8.81 861 | 078 | 055 | +120%

| 1900 400 1.40 865 | 865 | 865 | 064 | 062 | #120%
1950 40.0 1.40 8.46 8.46 8486 0.74 0.58 +12.0%

_____ 2000 40.0 140 8.59 8.59 859 | 072 | 056 | £120%
2450 39.2 1.80 7.85 7.65 765 | 061 | 082 | £120%
2600 300 | 198 7.52 7.62 752 | 061 | 072 | +120%
3500 37.9 2.91 7.24 7.24 7.24 0.25 1.20 +13.1%
5200 36.0 486 A1 471 471 | 035 | 185 | +134%
5300 35.9 476 4.39 4.39 439 | 085 | 185 | +131%
5500 356 4.96 4.30 430 4.30 045 | 185 +13.1 %

5600 - 355 5.07 400 | 4.00 400 | oso ! 185 | a3awm
5800 35.3 5.27 4.6 4.16 446 | 045 | 185 | £13.4%

© Frequency validity of £ 100 MHz only appllas for DASY v4.4 and higher {sec Page 2), olse its
ty at calibrati q and the inty for the indicated

of the Conve

resiricled fo 2 50 MHz. The uncertainly is tha RSS
band.

" Al frequancies below 3 GHz, the validity of fissue parameters (s and o) can ba relaxed Lo £ 10% if liquid compensation formula s applied 1o
maasured SAR values, At frequencies abeve 3 GHz, the validity of issua parameters {c and o} Is resticled to £ 5%. The uncerainty is the RSS of

the CanvF y for indieated targat fizaua p
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EX3DVA—8N:3540

July 21, 2011

DASY/EASY - Parameters of Probe: EX3DV4- SN:3540

Calibration Parameter Determined in Body Tissue Simulating Medla

Relative Conductivity Depth Unct.
§{MHz}® | Permittivity" (stm)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) | (k=2)
300 58.2 0.92 11.11 11.11 11.11 0.17 1.15 +134 %
450 56.7 0.94 11.61 11.681 11.61 0.03 1.00 +134%
835 66.2 0.97 10.29 10.29 10.29 0.79 0.64 £12.0% |
900 55.0 1.05 10.05 10.08 10.05 067 | 0.74 £12.0%
1450 54.0 1.30 9,02 9.02 902 | 068 | 078 +12.0 %
1640 63.8 1.40 8.11 9.1 2.11 0.68 0.65 +12.0%
1750 634 1.49 8.21 8.21 8.21 0.76 0.60 +12.0%
1810 53.3 1.62 8.00 8.00 8.00 0.70 0.63 £12.0% |
1900 53.3 1.52 7.95 7.95 7.95 0.58 0.68 £120%
1950 53.3 1.62 8.27 8.27 8.27 0.70 0.62 +12.0%
2000 53.3 _1.52 8.19 8.19 8.19 0.60 0.68 +12.0%
2450 52.7 1.95 7.64 7.64 7.64 0.80 054 | £120% |
2600 52.5 2.16 7.81 7.61 751 0.80 0.60 +120%
3500 513 3.31 6.66 B.58 6.58 0.20 1.60 £18.1%
5200 49.0 5.30 3.94 3.94 3.94 0.55 1.90 +131%
6300 48.9 5.42 3.58 3.59 3.69 0.58 1.80 £13.1%
5500 48.8 565 3.56 3.58 3.56 0.58 1.90 +131%
5800 48.5 577 .25 3.25 3.25 0.60 1.80 +13.1%
5800 48.2 6.00 340 3.40 340 0.60 1.90 +131%
:[Fur:::g%mwrmw r.:r‘t' Llio MHz only ap:alea [:Eﬁ::; 44 and tﬂg[‘r:rn{;c_a Page 2). e!ja itis ::le.dad 1o 50 MHz. The unceriainly fs the RSS

F Al frequoncles below 3 Gz, the validi
measured SAR values. Al frequencies abova 3 GHz, |

ihe ConvF

ty of tissue parameters (e and o) can be relaxed lo = 10% if liquid compansation formula Is applied fo

he validity of tosus paramslers (s and o) |3 resiricted 1o 4 5%. The uneertainty Is the RSS of

for indicatad targat isaue
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EX3DV4- SN:3540

Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide: R22)

July 21, 2011
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment

f=900 MHz, WGLS R9 (H_convF) =2450 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz

-

-i0 -08 -08 -04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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EX3DV4— SN:3540

July 21, 2011

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3540

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2mm
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