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SAR

: USDA The
National Institute of Standards and Technology's Electronics/Electrical
Engineering Lab.
Gradient Corporation Harvard University School of Public Health

TUV Rheinland North America

IBM Endicott EMC Test

Lab.

Criterion Technology Corp. The National Institute of Standards and

Technology-Boulder Lab.

, IDC

Compliance Certification Services  Intertek Testing
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ServicesNA ,Inc.

: NEMCO

EESI, Inc.
, UCLA Electrica

Engineering Department  Compatible Electronics,Inc.  Aegis

Lab.Inc.
(SAR)
SAR Specific Absorption Rate
W/ kg
External Fields Internal Fields
E(vm Induced Currents
Energy Absorption
P M)
g Specific Absorption Rate
Hiam )

SAR (W/ kg)
SOURCE REFERENCE LEVELS BASIC RESTRICTIONS

SAR
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SAR

1 - SAR

2 - AR
SAR
SAR= d/dt(dw/dm)=d/dt(dw/(? dv))
aw (W)
dm (kg)
dv (m?)
P (kg/m?)
E (V/m)
o (S/m)
P (kg/m?)

SAR SAR ANSI/IEEE
std C95.1-1992 Edition 100KHz  6GHz
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FCC 100KHz~6GHz

(SAR)

*x (Localized SAR)
1
*xk handswrists feet  ankles
10
SAR
FAR
E-Field probe Free space
— E-field probe
1
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2 | sotropic
3
4
5
E-field probe Dipole 3
3 Channel Dipole 1 2.5mm Dipole
1.9GHz  RK(
) 2GHz E-field
probe 3-Channel Dipole
Sensor factor Sk
835MHz~925 MHz | ¢ ( F/m) o ( Sm)
41.8 ~ 46.2 0.85~ 0.95
1500MHz~1800 MHz| & ( F/m) o ( Sm)
38 ~ 4 12 ~ 15




(PIO/P:10318) (SAR)

52.4 % 40.4 %
45.0 % 56.0 %
15% 25%
HEC 1.0% 1.0%
HEC: Hydroxyethylcellul osg( )
4
RF
mv-W -W
Conversion Factor CF
mv-W
-W Conversion

factor CF
SAR t C T, (1)?

t RF Power 30sec
C Bran C 2.17) Ig

T RF Power

CF (SAR/ V) Sensor Factor............(2),

Sensor Factor(SF)

V
(1).(2)
CF ((C n/iI( V t)) Sensor Factor

C CF

10 , 42
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SAR

1.5mm
150
Probe
SAR

SAR=((Peak(mv) + 1cm(mv)) / 2) * (Conversion Factor(CF) /Sensor Factor(SF))

Peak(mv):
lem(mv): lcm
Sensor Factor(SF):
Conversion Factor(CF):

SAR
PRODUCTY( ): DASY 3 Dosimetric Assessment System(
)
1 DASY3professional & DASY 3compact(DASY 3 & DASY3

)

11, 42
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2 Probes( )
3 DataAcquisition Systems( )
4 Software( )

5 Phantom( )

6 Robots( ; )
7 Vadidation Kits & Calibration Dipoles( / &
)
SAR
1 DASY 3professional & DASY 3compact(DASY 3 & DASY3
)
SPECIAL PACKAGE DASY3professional A



(PIO/P:10318) (SAR)

Application

The DASY 3professional package allows the broadest range of applications: Dosimetry in the Generic Twin Phantom or larg
of mobile phones, base station antennas, etc. Several phantomsand setups can be used around therobot (e.g., two generic phar
easy expansion to future applications.

Components

2 E-Field Probes ET3DV6

1 E-Field Probe ER3DV6R

1 H-Field Probe H3DV6

1 Dummy Probe DP1

1 Data Acquisition System DAS3

1 SAM Twin Phantom V4.0

1 Mounting Device for Transmitters V3.0

1 Stéubli Robot RX90L and CS7M incl. Cabinet
1 Robot Socket with LB1 adaptor

1 Robot Arm Extension V3.0

1 Robot Remote Control V3.0

1 System Validation Kit D900V 2 (or D835V 2)
1 System Validation Kit D1800V 2 (or D1900V 2)
1 Light Beam Switch for Probe Tooling LB1

1 Software DASY 3 Vx.x

1 Software DASY 3 Evaluation

SPECIAL PACKAGE DASY3compact A

13 , 42
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Application

DASY 3compact package is optimized for dosimetric evaluation of mobile phones. It is an easy to use tool which provides e
Compared to DASY 3professional, based on the RX90 or RX90L, it has areduced range limiting the applications to general

Components

1 E-Field Probe ET3DV6

1 Dummy Probe DP1

1 Data Acquisition System DAS3

1 SAM Twin Phantom V4.0C

1 Mounting Device for Transmitters V3.0

1 Stéubli Robot RX60L and CS7M incl. Cabinet
1 Robot Arm Extension V3.0

1 Robot Remote Control V3.0

1 Light Beam Switch for Probe Tooling LB1
1 System Validation Kit D900V 2 (or D835V 2)
1 Software DASY 3 VX.x

1 Software DASY 3 Evaluation

2 Probes( )

14, 42
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ET3DVé / ET3DVER A

I sotropic E-Field Probe for Dosimetric M easurements

Construction

Symmetrical design with triangular core

Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., glycol

Calibration

Inair from 10 MHz to 2.5 GHz

In brain and muscle simulating tissue at frequencies of 450 MHz, 900 MHz and 1.8 GHz (accuracy + 8%)
Calibration for other liquids and frequencies upon request

Frequency

10 MHz to > 6 GHz; Linearity: £ 0.2 dB (30 MHz to 3 GHz)
Directivity
+0.2 dB in brain tissue (rotation around probe axis)

+0.4 dB in brain tissue (rotation normal to probe axis)

Dynamic Range

5 uW/g to > 100 mW/g; Linearity: + 0.2 dB

Surface Detection

+ 0.2 mm repeatability in air and clear liquids over diffuse reflecting surfaces (ET3DV6 only)

Dimensions
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Overall length: 330 mm

Tip length: 16 mm

Body diameter: 12 mm

Tip diameter: 6.8 mm

Distance from probe tip to dipole centers: 2.7 mm

Application

Genera dosimetry up to 3 GHz
Compliance tests of mobile phones

ER3DVS / ER3IDVSR

I sotropic E-Field Probe for General Near Field M easurements

Construction

Onedipole parallel, two dipoles normal to probe axis

Built-in optical fiber for surface detection system (ER3DV 6 only)
Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., glycol)
Calibration

In air from 100 MHz to 3 GHz (absolute accuracy + 5%);
Calibration for dielectric liquids can be provided upon request

16 , 42
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Frequency

100 MHz to > 6 GHz; Linearity: + 0.2 dB (100 MHz to 3 GHZz)

Directivity

+0.2dB inair (rotation around probe axis)
+0.4 dB in air (rotation normal to probe axis)

Dynamic Range

2V/mto> 1000 V/m; Linearity: + 0.2 dB

Dimensions

Overall length:330 mm

Tip length: 16 mm

Body diameter: 12 mm

Tip diameter: 8.0 mm

Distance from probe tip to dipole centers: 3.4 mm

Application

General near field measurements up to 6 GHz
Field component measurements
Fast automatic scanning in phantoms (ER3DV 6)

H3DV& Y

17, 42



(PIO/P:10318) (SAR)

3-Dimensional H-Field Probe for Small Band Applications

Construction

Three concentric loop sensors with 3.8 mm loop diameters
Resistively loaded detector diodes for linear response

Built-in shielding against static charges

PEEK enclosure material (resistant to organic solvents, e.g., glycol)

Frequency

Frequency 200 MHz to 3 GHz (+ 5%)
output proportional to frequency
Directivity

+ 0.25 dB (spherical isotropy error)

Dynamic Range

10 mA/mto2 A/mat 1 GHz

E-Field Interfer.

< 10% at 3 GHz (for plane wave)

Dimensions

Overall length: 330 mm

Tip length: 40 mm

Body diameter: 12 mm

Tip diameter: 5.0 mm

Distance from probe tip to loop centers: 2.5 mm

Application

Genera magnetic near-field measurements up to 3 GHz
Field component measurements
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Surface current measurements
Measurementsin air or solutions
Low interaction with the measured field

RF Probes

Dummy Probe for Robot Training and Teaching Purposes
Construction
Dimensions of outer shell identical to those of ET3DV5

Built-in optical fiber for surface detection system

Surface Detection

+ 0.2 mm repeatability in air and clear liquids over diffuse reflecting surfaces

19 , 42
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Application

Training and installation of phantoms for dosimetric probes

3 DataAcquisition Systems( )

DAS3/DAS3mini A

DATA ACQUISITION SYSTEM DAE3/DAE3mini A

Features

Signal amplifier, multiplexer, A/D converter and control logic
Serial optical link for communication with PC Interface Card (fully remote controlled)
2 step probe touch detector for mechanical surface detection and emergency robot stop (DA S3 only)

M easurement Range
1 pV to> 200 mV (16 bit resolution and two range settings: 4mV, 400mV)

Input Offset Voltage
<1 uV (withauto zero)

Input Resistance
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200 M 2/TD>

Input Bias Current
<50fA

Battery Power
> 10 h of operation (with two 9V NiMH accus)

Dimensions
60 x 60 x 68 mm

21, 42
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4  Software( )
’
DAS Data
{ LI ‘ [waCamps Frocessing

RF Probe Tissue
Calibration . Calibration
Set-up Set-up

DASY3 '
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T EEL
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Application

User-friendly 32-bit application for Windows NT or 95, Help File, Manual
Complete system for robot based field measurements

Robot Control

Complete robot control for probe positioning in free space or in phantoms
Mechanical or optical surface detection in phantoms
Automatic probe tooling for precise positioning

Field M easurements

Support for E-, H-field and temperature probes (up to three sensors per probe)
Scope or multimeter display including statistics (avg, min, max, std dev)
Single and continuous measurement modes

Output in pV, V/m, A/m, mW/cm?, SAR, dB rel, % rel, etc.

Multiple measurement profiles (measurement time, sample time, accuracy)
Datalogging to ASCII-files

Field Scans

Measurementsin lines, planes and volumes in free space or restricted volumes (phantoms)
Cube measurements with surface extrapolation and spatial SAR evaluation for 1g and/or 10g
Time measurements (source power drift, temperature rise)

Probe rotation measurements (isotropy)

Batch processing of multiple scans

Export of field scansinto ASCII-files or direct export to EXCEL

Visualization

3D isoline distribution, scatter graphics, polar graphics
Device visualization in 3D graphics
Freely configurable output graphic formats with automatic title generation

Compliance Testing
Predefined measurement procedures according to CENELEC/FCC guidelines

<15 min per device position, no user interaction needed during measurement (maximum search, fine cube measurement and device powel

System Validation
Predefined system validation procedure
(checks surface detection, probe isotropy, SAR measurement and eval uation)

Phantom

23 , 42
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Easy and fast phantom setup with reference points in predefined phantoms

Parameter Handling

Different access levels (password protected) for parameter modifications
Any number of predefined settings (probes, phantoms, grids, graphic formats, liquids, devices) can be stored for future use
Import and export of parameter sets (e.g., import of config files for SPEAG components)

Additional Features

Measurements in background possible

Control of external devices (power meter, signal generator) through GPIB for probe calibration
Requirements

At least Pentium 150 MHz, 32 MB RAM, 2 MB graphic card, Windows NT or 95
Stéubli Robot RX, Data Acquisition Electronics V2 or V3, PC-Card V2

DASY32 Evaluation (Additional License) A

Visualization/Evaluation Component of DASY 3
(without Data Acquisition and Robot Control)

Requirements

2 MB graphic card, Windows NT or 95

DASY 3mini A

24, 42
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Application

User-friendly 32-bit application for Windows NT or 95, Help File, Manual

Field M easurements

Support for E-, H-field and temperature probes (up to three sensors per probe)
Scope or multimeter display including statistics (avg, min, max, std dev)
Single and continuous measurement modes

Outputin , V/m, A/m, mW/cn?, SAR, dB rel, % rel, etc.

Multiple measurement profiles (measurement time, sample time, accuracy)
Datalogging to ASCII-files

Data Acquisition

M easurementsin background possible

Options

OLE/LabView interface to control DASY 3mini from other applications (LabView, EXCEL, etc.)
Support for third party or customer probes

Requirements
At least Pentium 150 MHz, Windows NT or 95, Data Acquisition Electronics V2 or V3, PC-Card V2

%5, 42
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5 Phantom( )

GENERIC TWIN PHANTOM V3.0 A

26 , 42
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Construction

Fiberglass shell integrated in awooden table. The shape of the shell isbased on datafrom
an anatomical study designed to determine the maximum exposurein at least 90% of all
users. It enables the dosimetric evaluation of |eft 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 manually teaching three points with the
robot.

Shell Thickness

2+0.1mm

Filling Volume

Approx. 20 liters

Dimensions
Height: 810 mm; Length: 1000 mm; Width: 500 mm

Available
Special request
GENERIC TWIN PHANTOM V3.0C A

Construction

The same phantom as the Generic Twin Phantom V3.0. The table is wider and more
sturdy for adirect mounting of the RX60L robot (see DASY 3compact).
Dimensions

Height: 810 mm; Length: 1000 mm; Width: 750 mm

Available
Special request
MOUNTING DEVICE FOR TRANSMITTERS V3.0 A

Construction

2r , 42
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In combination with the Generic Twin Phantom V3.0/V3.0C, the Mounting Device
(POM) enables the rotation of the mounted transmitter in spherical coordinates whereby
the rotation point isthe ear opening. The devices can be easily and accurately positioned
according to CENELEC, FCC or other specifications. The device holder can be locked at
different phantom locations (left head, right head, flat phantom).

GENERIC HEAD PHANTOM V3.5

Construction

Fiberglass construction based on an anatomically shaped male model
(head circumference approx. 580 mm). The model is truncated at mid
torso and has a sealed screw cap on the top of the head. It can be mounted
on aturntable.

Shell Thickness

2 mm

Filling Volume

Approx. 5 liters

Dimensions
Height 250 mm; Width: 250 mm; Depth: 200 mm

Application
Assessment of radiation pattern

Available
Special request

GENERIC TORSO PHANTOM V3.6 A

Construction

Construction Fiberglass construction based on an anatomically
shaped male model (head circumference approx. 580 mm). The
model istruncated at mid torso and has a sealed screw cap on the
top of the head. It can be mounted on aturntable.

Shell Thickness

2mm
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Filling Volume
Approx. 12 liters

Dimensions
Height 500 mm; Width: 500 mm; Depth: 320 mm

Application

Assessment of radiation pattern

Available
Special request
WHOLE-BODY MANNEQUIN 2.0 A

Construction

Fiberglass construction based on an anatomically shaped male model

Right arm isformed asif holding adevice in front of the mouth; left arm is stretched
upward

Opening for measurements on the back side (head, trunk, arm, leg)

Includes wooden mounting support

Shell Thickness

3-4mm

Filling Volume
Approx. 60 liters (all sectionsfilled)

Dimensions
Height: 1950 mm; Width: 550 mm; Depth: 400 mm

Available
Special request
SAM V4.0 A

Construction

Fiberglass shell integrated in awooden table. The shape of the shell corresponds to the
phantom defined by SCC34-SC2. 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
manually teaching three pointsin the robot.

29 , 42
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PRELIMINARY

Shell Thickness
2+0.1mm

Filling Volume

Approx. 20 liters

Available
Fourth Quarter 2000

Construction

The same phantom as the Twin Phantom V4.0. The table iswider and moresturdy for a
direct mounting of the RX60L robot (see DASY 3compact).
PRELIMINARY

Available
Fourth Quarter 2000

SAM V4.1/V4.1L (Face-Down) 'y

Construction

Fiberglass shell integrated in awooden table. The shape of the shell corresponds to the
phantom suggested by SCC34-SC2. It enables the dosimetric evaluation of dispatch
radios (in front of the head) as well asbody mounted usage. The addition V4.1L also
enables simulation of thelegs. 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 manually teaching three pointsin the robot.
PRELIMINARY

Shell Thickness
2+0.1mm

Filling Volume
Approx. 20 liters

Available
First Quarter 2001

Construction

Fiberglass construction corresponding to the phantom defined by SCC34-SC2. The
model istruncated at the base of the neck and has a sealed screw cap on the top of the

0 , 42
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head. It can be mounted on aturntable.
PRELIMINARY

Shell Thickness

2 mm

Filling Volume
Approx. 5 liters

Dimensions
Height 250 mm; Width: 250 mm; Depth: 200 mm

Application
Assessment of radiation pattern

Available
First Quarter 2001
SAM V4.6 A

Construction

Fiberglass construction corresponding to the phantom defined by SCC34-SC2. The
model istruncated at mid torso and has a sealed screw cap on the top of the head. It can
be mounted on aturntable..

PRELIMINARY

Shell Thickness

2mm

Filling Volume
Approx. 12 liters

Dimensions
Height 500 mm; Width: 500 mm; Depth: 320 mm

Application

Assessment of radiation pattern

Available
First Quarter 2001

31, 42
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6 Robots( ; )

ROBOT CONTROL UNIT
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ROBOT ARM EXTENSION V3.0 'y
Construction

POM

Function

K eeps probe aligned to the tool axis of the robot

ROBOT REMOTE CONTROL V2.0 'y
Function

Safety circuity for turning the arm power on and off
Extensions for additional safety devices
Key switch to override safety chain in manual mode

7 Validation Kits & Calibration Dipoles(

SYSTEM VALIDATION KITS A
Symmetric Dipolesfor System Validation

Construction

Symmetrical dipole with lambda/4 balun

Enables measurement of feedpoint impedance with NWA
Matched for use near flat phantomsfilled with brain simulating
solutions

Includes distance holder and tripod adaptor

Calibration

Calibrated SAR value for specified position and input power at the
flat phantom in brain simulating solutions
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Frequency

835, 900, 1500, 1640, 1800, 1900 MHz

Return Loss

> 20 dB at specified validation position

Power Capability

> 100 W

Options

Dipolesfor other frequencies or solutions and other calibration
conditions are avail able upon request

Dimensions

D835V 2: dipole length: 161 mm, overall height: 330 mm
D900V 2: dipole length: 149 mm, overall height: 330 mm
D1500V 2: dipole length: 86.2 mm, overall height: 300 mm
D1640V 2: dipole length: 79 mm, overall height: 300 mm

D1800V 2: dipole length: 72 mm, overall height: 300 mm
D1900V 2: dipole length: 68 mm, overall height: 300 mm

CALIBERATION DIPOLE D1B800V3 i
et Broadband Calibration Dipole 1800 MHz
‘ - Construction
| Symmetrical dipole with built-in two step matching network and

balun

Frequency

1700 MHz - 1900 MHz

Return Loss

> 20 dB over frequency band

Power Capability

50 W continous
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Options

Other frequencies and bandwiths on request

Dimensions

Dipole length: 78 mm; overall height: 330 mm

Available
Special request

WHO

OTA

NRPB

DNA

SCE )
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,personal hand-free

kit

A1018 7110 Maxon 3201
8210 3210

37, 42
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Carphone Warehouse

HOLADAY MSE-4433 PC
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(M N ) :
, 36
|EEE Std C95.1--1999 ,
300-3000MHz f 11500 900MHz
MPE ( )  0.6mwWicm’
1800MHz 1.2 mWicm’

averagingtime 30 ,

MPE=MPE  Tavg/Tepx mWicm’

N (900MHz ) 36
(Texp), (MPE) 30 mW/cmZ,

Pavg (mW/cmZ)
Texp( )
Tavg( )

MPE (mW/cm)

MPE' (mW/cm ")
MPE'?
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900
0.004
36
1800
0.6
30
ok

1800
0.004
36
1800
1.2
60
ok

900
0.034
36
1800
0.6
30
ok

1800
0.034
36
1800
1.2
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60
ok

MPE SAR

M PE(M aximum Permissible Exposure)

(1)

(2)

(3)

(4) ( / ) ( / )
(5) mW/cm' , W/m 2

SAR(Specific Absorption Rate)

(1) SAR
dosimetry( ) EMR RF(

(2

(3) (eg. )

(4)

(5) ( / ) ( / )
(6) ( eg. )

(7) W/Kg

41 , 42
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1
(SAR)
SAR SAR 1.6W/Kg ____WIKg
2 FAR
SAR
()
3 FCC SAR 1.6W/Kg FAR
SAR
FAR
2
20
SAR  Specific Absorption
Rate FCCPART 2.1093 FCC OET Bulletin 65 Supplement

C ANSI/IEEEC95.1  ANSI/IEEE C95.3
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SAR
3
1
2 SAR
SAR - SAR 1.6W/Kg
__WIKg
4 SAR

0 7 23
SAR

OKWAP iPss 0.841W/Kg () R90-DG16-S

OKWAP 18 0.922W/Kg () ||R90—DGZ4—S
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OKWAP 13698 0.821W/Kg () ”RSQ-DGGS-S
GVC A758 0.87W/Kg () ”Rgo-DGlo-s
GVC GD268E 0.863W/Kg () R89-DG21-S
GVC GD168D 0.864W/Kg () R89-DG13-S
GVC GD168F 0.805W/Kg () R88-DGY0-S
G.PLUS i-100 1.29W/Kg R90-DG42-S
G.PLUS i-200 1.39W/Kg HR90—DG43-S
OKWAP i66 0.0702W/Kg () R90-DG38-S
COMPAL XG2 1.33W/Kg () R90-DG34-S
DNET DNET-168 1.01W/Kg () R89-DG86-S
DNET DNET-688 1.3W/Kg () HRSQ-DGS?-S
Panasonic EB-GD80 1.16W/Kg () HR90—DGS4—S
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1TENESE SAR B LE—B X

L $1E_:WIKG
FiiE =18 i SAR {8
T18s 061
Ericssan ML L
A12885 0.795
SHE88 042
G150 069
210 1.19
3210 1.14
3310 0.75
Makia 7110 076
B110 0.73
8210 0.72
8810 0.22
BEBS0 22
V2188 .54
V2288 0.54
V3688 0.0z
Matarala T2288 054
T2688 .54
FPTE8Y 1.00
LF 2000 0.749
G052 098
Fanasanic cLl Ll
G092 1.07
G093 1.07
3508 0.899
Siemens 3518 0.99
3568 1.14
o SAVY 1.11
Fhilips I 105

HERE : EFFHwERE - 200012
HE:DEEOEE
i EERBRNEFCC offi-

() SAR
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(SAR)

SAR

antenna gain(
pattern( ) input impedance( )

()
(CENELEC) 2001 7 20

EN 50360
(300MHz-3GHZz)
2000 7 EN 50361

2001-7-26

()

47
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)

radiation

EN 50360

EN 50360
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