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APPENDIX 5 : System Validation Dipole (DSGHzV?2.S/N: 1020)
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IMPORTANT NOTICE
DIPOLE TRANSPORTATION CASE

Important Note:

Please use only this suitcase for any future dipole transportation!
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Client

Object(s}

Cafibration procedurals)

Calibration date:

Condition of the calibrated item

This calibration staternent documents baceability of METE used in the calibration procedures and conformity of the procedures with the ISO/IEC
17025 intemational standard.

Al calibrations have been conducted in the closed laboratory facility: environment temperature 22 +/- 2 degrees Celsius and humidity < 75%.

Calibration Equipment used (MATE critical for caloration)

Model Type . lo# Cal Date (Cabibrated by, Cerificate No) ~ Schedy |
Power meter EPM E44158 GBR41200874 2-Apr-03 (METAS, Mo 252-0250)
Power sensor 44124 My 41495277 2-Apr-03 (METAS, Mo 252-0250)
Power sensor HP 848TA MY41032317 18-0et-02 (Agilent, No. 20021018}
fF generalor R85 SMTOS 100058 23-May-01 (SPEAG. in house check May-03) In house check: May-03
Metwork Analyzer HP 8753E Us37380585 18-Dct-01 {SPEAG, in house check Nov-03) I house check: Oct 05
Name Funetion Slgnature
Galirated by: R

Approved by

Date issuad: Fobruary 26, 2004

This calibration cartificate is issued as an intermediate solution until the accreditation process (Pased on ISQYIEC 17025 international Standard) for
Calibration Laboratory of Schmid & Partner Engineering AG is completed.
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DASY

Dipole Validation Kit
Type: D5SGHzV2

Serial: 1020

Manufactured:  February 5, 2004
Calibrated:  February 23, 2004
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1. Measurement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with head
simulating solution of the following ¢lectrical parameters:

Frequency: 5200 MHz
Relative Dielectricity 36.3 + 5%
Conductivity 4.57 mho/m 5%
Frequency: 5800 MHz
Relative Dielectricity 354 + 5%
Conductivity 5.20 mho/m + 5%

The DASY4 System with a dosimetric E-field probe EX3DV3 . SN:3503 was used for the
measurements. The dipole was mounted on the small tripod se that the dipole feedpoint was positioned
below the center marking of the flat phantom section and the dipole was oriented paralle! to the body
axis (the long side of the phantom). The standard measuring distance was 10mm from dipole center to
the solution surface. Lossless spacer was used dunng measurements for accurate distance positioning.

The coarse grid with a grid spacing of 10mm was aligned with the dipole. Special 8x8xR fine cube was
chosen for cube integration (dx=dy=4 3mm, dz=3mm). Distance between probe sensors and phantom

surface was set 10 2.5 mm, The dipole input power (forward power) was 250 mW £ 3 %. The resulis
are normalized to 1W input power.

2. SAR Measurement with DASY System

Standard SAR-measurements were performed according to the measurement conditions described in
section 1. The results (see figures supplied) have been normalized to a dipole mput power of 1W
(forward power). The resulting averaged SAR-values measured at 5200 MHz (Head Tissue) with the
dosimetric probe EX3DV3 SN:3503 and applying the advanced extrapolation are:

averaged over 1 cm’ (1 g} of tissue: 87.6 mW/g £ 20.3 % (k=2)’

averaged over 10 em’ (10 g) of tissue: 24.5 mW/g = 19.8 % (k=2)'

The resulting averaged SAR-values measured at S800 MHz (Head Tissue) with the dosimetric probe
EX3DV3 SN:3503 and applying the advanced extrapolation are:

averaged over 1 cm” (1 g} of tissue: 86.8 mW/g + 20.3 % (k=2)°

averaged over 10 cm® (10 g) of tissue: 24.2 mW/g = 19.8 % (k=2)°

! Target dipole values determined by FDTD {feedpoint impedance set to 50 OQhm). The values are SAR_1g=76.5mW/g,
SAR 10g=21.6 mW/g and SAR peak=3103 mWi/g.

* Target dipole values determined by FDTD (feedpoint impedance set to 50 Ohm). The values are SAR_1g=78.0 mW/g,
SAR_10g=21.9 mW/g and SAR_peak=340.9 mWig.
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3. Dipole Transformation Parameters

The impedance was measured ai the SMA-connector with a network analyzer and numerically
transformed to the dipole feedpoint (please refer to the graphics attached to this document). The
transformation parameters from the SMA-connector to the dipole feedpoint are;

Electrical delay: L. 200 ns (one direction)
Transmission factor: 0.974 (voltage transmission, one direction)

4, Measurement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with body
simulating solution of the following electrical parameters:

Frequency: 5200 MHz
Relative Dielectricity 49.7 1+ 5%
Conductivity 518 mho/m =*35%
Frequency: 58000 MHz
Relative Diclectricity 485 5%
Conductivity 6.01 mho/m + 5%

The DASY3 System with a dosimetric E-field probe EX3DV3 - SN:3503 was used for the

measurements. The dipole was mounted on the small triped so that the dipole feedpoint was positioned
below the center marking of the flat phantom section and the dipole was oriented parallel to the body
axis (the long side of the phantom). The standard measuring distance was 10mm from dipele center to
the solution surface. Lossless spacer was uscd during measurements for accurate distance positioning.

The coarse grid with a grid spacing of 10mm was aligned with the dipole. The 8x8x8 fine cube was

chosen for cube integration (dx=dy=4.3mm, dz=3mm). Distance between probe sensors and phantom
surface was set to 2.5 mm. The dipole input power (forward power) was 250 mW * 3 %, The results

are normalized to 1W input power.
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5. SAR Measurement with DASY System
Standard SAR-measurements were performed according to the measurement conditions described in
section 4. The results (see figures supplied) have been normalized to a dipole input power of 1W
(forward power). The resulting averaged SAR-values measured at 5200 MHz (Body Tissue) with the
dosimetric probe EX3DV3 SN:3503 and applying the advanced extrapolation are:

averaged over 1 cm® (1 g) of tissue: 82.0 mW/g + 20.3 % (k=2)

averaged over 10 cm’ (10 g) of tissue: 23.0 mW/g = 19.8 % (k=2)°

The resulting averaged SAR-values measured at 5800 MHz (Body Tissue) with the dosimetric probe
EX3DV3 S§N:3503 and applying the advanced extrapolation are:

averaged over 1 cm® (1 g) of tissue: 78.4 mW/g + 20.3 % (k=2)*
averaged over 10 cm” (10 g) of tissuc: 21.5 mWig = 19.8 % (k=2)*
6. Handling

Do not apply excessive force to the dipole arms, because they might bend. Bending of the dipole arms
stresses the soldered connections near the feedpoint leading to a damage of the dipole.

7. Design

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

signals.

Small end caps have been added to the dipole arms in order to increase frequency bandwidth at the
position as explained in Sections 1and 4.

B. Power Test

After long term use with 40W radiated power, only a slight warming of the dipole near the feedpoint
can be measured.

¥ Target dipole values determined by FDTD (feedpoint impedance set to 50 Ohm). The values are SAR_1g=71 8 mW/g,
SAR _10g=20.1 mW/g and SAR peak=2847 mW/g,

! Target dipole values determined by FDTD (feedpoint impedance set to 50 Ohm). The values are SAR_1g=74.1 mW/g,
SAR_10g=20 5 mW/g and SAR_peak=324.7 mW/g.
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Date/Time: 02/20/04 17:12:14
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Serial: DSGHzV2 - SN:1020

Communication System: CW-5GHz;Duty Cycle: 1:1;Medium: HSL5800
Medium parameters used: f = 5200 MHz; 6 = 4.57 mho/m; £, =36.3; p=1000 kg/m3

Medium parameters used: f = 5800 MHz; ¢ = 5.2 mho/m; &, = 35.4; p= 1000 kgfm3

DASY4 Configuration;

e Probe: EX3DV3 - SN3503; ConvF(5.7, 5.7, 5.7)
ConvF(3, 5, 5); Calibrated: 6/27/2003

o Sensor-Surface: 2.5mm (Mechanical Surface Detection)

o Electronics: DAE4 600; Calibrated: 9/30/2003

« Phantom: SAM with CRP - TP:1312; Phantom section; Flat Section

e Measurement SW: DASY4, V4.2 Build 30; Postprocessing SW: SEMCAD, V1.8 Build 98

d=10mm, Pin=250mW, f=5200 MHz/Area Scan (91x91x1): Measurement grid: dx=10mm, dy=10mm

Reference Value = 97.3 V/im

Power Drift = 0.0 dB

Maximum value of SAR =404 mW/g

d=10mm, Pin=250mW, f=5800 MHz 2/Zoom Scan (8x8x8), dist=2,5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Peak SAR (extrapolated) = 89.6 W/kg

SAR(1 g) =21.5 mW/g; SAR(10 g) = 6.05 mWi/g

d=10mm, Pin=250mW, §=5200 MHz/Zoom Scan (8x8x8}, dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Peak SAR (extrapolated) = 85 Wrkg

SAR(1 g) = 21.9 mW/g: SAR(10 g) = 6.12 mW/g

dB

0dB = 36.3mW/g

UL Apex Co., Ltd.
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Date/Time: 02/23/04 19:20:57
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Serial: DSGHzV2 - SN:1020

Communication System: CW-5GHz;Duty Cycle: 1:1;Medium: MSL5800
Medium parameters used: f = 5200 MHz; 6 = 5.18 mho/m; & = 49.7; p = 1000 kg/m?

Medium parameters used: f= 5800 MHz; ¢ = 6.01 mho/m; & = 48.5; p= 1000 kg/m3

DASY4 Configuration:

e Probe: EX3DV3 - SN3503; ConvF(5, 5, 5)

ConvF(4.6, 4.6, 4.6); Calibrated: 6/27/2003

Sensor-Surface: 2.5mm (Mechanical Surface Detection)

Electronics: DAE4 600; Calibrated: 9/30/2003

Phantom: SAM with CRP - TP:1312; Phantom section: Flat Section

Measurement SW: DASY4, V4.2 Build 34; Postprocessing SW: SEMCAD, V1.8 Build 105

d=10mm, Pin=250mW, f=5200 MHz/Area Scan (91x91x1): Measurement grid: dx=10mm,
dy=10mm

Reference Value = 80.3 V/m; Power Drift = 0.0 dB

Maximum value of SAR (interpolated) = 37.5 mW/g

d=10mm, Pin=250mW, f=5800 MHz/Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Peak SAR (extrapolated) = 80.6 W/kg

SAR(1 g) = 19.6 mW/g; SAR(10 g) =5.38 mW/g

d=10mm, Pin=250mW, 1=5200 MHz/Zoom Scan (8x8x8), dist=2.5mm (7x7x8)/Cube 0:
Measurement grid: dx=4.3mm, dy=4.3mm, dz=3mm

Peak SAR (extrapolated) = 71.6 Wikg

SAR(I g) = 20.5 mW/g; SAR(10 g) = 5.74 mW/g

0 dB = 33.6mW/g
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APPENDIX 6 : Dosimetric E-field Probe Calibration (EX3DV4, S/N:3540)
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Schwelzerischer Halibrierdienst
Service suissa détalonnage
Sarvizio svizzare d) taratura
Swias Calibration Service

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Fedaral Office of Metmlogy and Accreditation
The Swise Azcraditation Servica Is one of the signatories to the EA
Multilataral Agrsamant for tha meagnition of ealibration cartificates

Accreditation No.. SCS 108

Calibration date:

Conditan of the calibrated em

Calibeation Equiprment usaed (MATE critical for calibration)

This calibration certificate documents the fraceability to natienal standards, which realize the physical units of measurements (S1).
The measuremsnts and the uncertainties with canfidence probabiity are givan on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature {22 4 3)°C and humidity < 70%._

Primary Stendards 1D # ___Gal Date [Calbbrated by, Certificate MNa.) Scheduled Calibration

Power meter E44198 GB41263874 5-May-04 (METAS, No. 251-00388) May-05

Powar sensor E4412A MY41495277 S-May-)4 (METAZ, No_ 2510385} May-05

Referanca 3 dB Attenuator SM: 55054 {3c) 10-Aug-04 (METAS, No. 259-00403) Aug-05

Reference 20 dB Attenuator 3N: 85088 (20b) 3 May-04 (METAS, No. 251 -00389) May-D5

Referenca 30 dB Attenuator SN: 55129 {30b) 10-Aug-04 (METAS, No. 251-00404} Aug-05

Reterance Probe ES30W2 SN: 3013 7-Jan-05 (SPEAG, Ma. ES3-3013 Jan0s) Jan-06

DAE4 SN B1T 29-5ep-04 (SPEAG, No. DAE4-517_Sap(d) Sep-05

Secondzry Standards D# Check Date {in house) Scheduled Check

Power sengor HP 84814 MY4 1082180 18-Sep-02 (SPEAG, in house check Oct-03) In house check: Oct 05

RF generator HF B548C US3642001 700 4-Aug-99 (SPEAG, in house chack Dec-03} In heuse check: Dec-05

Natwark Analyzer HP BT53E LIS3T300585 18-0Oct-01 (SPEAG, in house check Nov-(4) In house chack: Mov 05
Name Fungtion . Signature

Approved by

This calibration certificate shall nol ba mproduced except in full without wiitten approval of the laboratory.

Issued: January 14, 2008

Cerlificate No: EX3-3540_Jan05

Page 1of9
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzedand

Schwaizerischar Kalibrisrdiehst
Servics sulese d'étalonnage
Sarvitio svizzaro di taratura
Swiss Ca!lbration Service

Accredited by the Swiss Federal Office of Metrology and Accreditalion Accredilation Ne.: SCS 108
The Swiss Accreditation Service is one of the signatorias to the EA
Multilataral Agraement far the nscognition of calibration cartificates

Glossary:

TSL tissue simulating liguid

NORMx,y,z sensitivity in free space

Conf sansitivity in TSL /f NORMxX,y.z

DCP diode compression point

Polarization ¢ « rotation around probe axis

Polarization & 3 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., 9 = {0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, *IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, Dacember 2003

b) CENELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate
related to human exposure to electromagnetic fields from mobile phones (300 MHz - 3
GHz)}, July 2001

Methods Applied and Interpretation of Parameters:
s NORMyx,y,z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMzx,y,z does not effect the E2-field uncertainty inside TSL (see beiow ConvF).

» NORM(x.y.z = NCRMx,y.z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of
the frequency response is included in the stated uncertainty of ConvF,

+ DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does nol depend on frequency nor media.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > B00 MHz, The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are usad in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMXx.y,z * Convi whereby the unceriainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY 4.3 B17 and higher which aliows extending
the validity from + 50 MHz to £ 100 MHz.

s Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

= Sensor Offset: The sensor offset comresponds to the offset of virtual measurement center
from the probe tip {on probe axis). No tolerance required.

Certificate No: EX3-3540 Jan05 Pacr % of 9
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EX3DV4 SN:3540 January 14, 2005

Probe EX3DV4

SN:3540

Manufactured: August 23, 2004
Calibrated: January 14, 2005

Calibrated for DASY Systems

{Note: non-compatible with DASY2 systernl)

Certificate No: EX3-3640_Jan0b Page 3of 8
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DASY - Parameters of Probe: EX3DV4 SN:3540

Sensitivity in Free Space" Diode Compression”
NormX 047 £101%  pV/(VIm)’ DCP X 82 mV
NormY 0.54 £101%  pViIVIm) DCPY 92 mV
NormZ 0.49 £10.1%  WV/VIM) DCP Z 92 mV

Sensitivity in Tissue Simulating Liguid (Conversion Factors)

Please see Page 9.

Boundary Effect
TSL 900 MHz  Typical SAR gradient: 5 % per mm
Sensor Canter to Phantom Surface Distance 20mm 3.0mm
SAR,, [%] Without Corraction Algorithm 35 1.3
SAR,, [%] With Correction Algorithm 0.2 0.5
TSL 1810 MHz  Typical SAR gradient: 10 % per mm
Sensor Caenter to Phantom Surface Distance 20mm 3.0mm
SAR,, [%] Without Correction Algorithm 44 25
SAR,, Y] With Correction Algorithm 1.0 06
Sensor Offset
Probe Tip to Sensor Center 1.0 mm

The reported uncertainty of measurament 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 85%.

* The uncertainties of NormX.Y,Z do net sftect the E*-fisld uncertainty inside TSL {see Fage ).
B Numerical inearizaticn paramster: uncerainty not required.

Certificate Mo: EX3-354C_Jlan05 Page 4 of 3
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR|c.q)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Deviation from Isotropy in HSL
Error (¢, 9), f =900 MHz

Error [dB]

Uncertainty of Spherical Isotropy Assessment: % 2.6% (k=2)
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Appendix
i
f = 5200 MHz, WGLS R58 (head) _ f = 5200 MHz, WGLS R58 (body
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e s e | —o—Analytical —o— Measurements

f [MHz] Validity [MHz] TSL Permittivity Conductivity Alpha Depth ConvF Uncertainty

5200 50 Head 36.0+5% 4.76+5% 0.45 1.80 479 +13.6% (k=2)
5800 +50 Head 353+5% 527 +5% 0.45 1.80 434 +13.68% (k=2)
5200 +50 Body 49.0+5% 530+5% 0.45 1.80 4.40 +13.6% (k=2)
5800 +80 Body 482+ 5% 6.00+5% 0.43 1.80 406 =+13.6% (k=2)

P Accreditation for ConvF assessment above 3000 MHz is currently applied for. Accreditation is expected
at the beginning of 2005.
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Chapter 26

The 5-6 GHz Extension

26.1 Introduction

In July 2003, the SPEAG calibration laboratory and its service center released extension for con-
ducting SAR assessments with DASY4 i the requency range 5-6 GHz. In addition, m Jannary
200, SPEAG released the smallest dostmetrie probe EX3DV3E which allowed a significant improve-
ment of the extension with respect to the measurement accuracy.

These new items and services enable the user to perform routine evaluations of compliance with
exposure guldelines operating in the 5 GHz frequency band, as defined in the supplement IEEE
R02.11a (1999) and HiperLAN/2 standards with an nneertainty of less than +30%.

The new extension for the higher frequency range meets the same requirements for SAR evalua-
tions as described in IEEE 1528 |1]. CENELEC ENG0361 [, IEC 62209 [¢] for lower frequencies
(300 MHz - 3 GHz). The performnance of the new setup has been validated by the Foundation for
Research on Information Technologies in Society I'T7IS.

DASY Software Settings

The recommmended nsage of a DASY systern and its components in the frequency range 300 MHz
- 3GHz is described in detail in the previous Chapters. This Chapter provides all additions and
deviations needed lor the requency range 5-6 GHz, I nothing is stated m this Chapter, the
requiremnents, procedures and methods of the previous Chapters are applicable.

& DASY4 - [D5GHz_SN100K_SNI025_H5800_041003]

[T] e Edt View Tocs Wndow Help
Dl & 2R X|E v e ke

Satip | =tatus
@ ervar ) P— .
@ W 0aE3 50410 Most of the DASY items and requirements do
@ | exmus - s not deviate from those [or the [requency range
@ ZBigfoot RealL Lefly-Above-KoFp AR ;
eifmm_ﬁ,t below 3 GHz. However, due to the stronger gra-
@356 dients of the feld distribution in the 5-6 GHz fre-
@ B Do 5 . : :
@B -son quency range, adaptation is required for the scan-
@ @05 (Hish Pracisin Assessmant) ning method as well as for the dosimetric probe
i tvpe.
26-1
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26.2 Smallest Dosimetric Probe (EX3DV 3)

Within the framework of the new EUREKA project No. 2015 (SARSYS-BWP), SPEAG developed
a new probe optimized for this frequency range. The new probe has a Tip diameter of 2.5 num and
a distance between sensor calibration point and probe tip (Sensor XY and Z) of 1.0mm. With
these dimensions, the EX3DV3 probe has superior performance for high precision measurciments
in field distributions with steep gradients.

The EX3DV3 probe is fully compatible with the latest draft of TEC 62209 Part 2. It is the
only probe enabling measurements at 5-6 GHz with a precision of better than 30% (uncertainty
assessed according to the standards). The EX3DV3 probe is nniversally applicable for dosimetric
assessments and is fully compatible with the mechanical detection system of DASY 4.

E—Frede] Proaties {3000 3 x|

Grrmral Mechancl | Surlses Distechon | S emivib | Conversion Faciors
Frobe oversl keng [E2E mm
Frobe bod cianster: [10 =
Tio kgt [3 i

The dimensions of the =smallest dosimetric
Todameler |20 mm

= ; EX3DV3a probe are shown in the Mechanical
Distance: babeen sarant calforalion panks snd pobs ip

Semait [T mm tab in the dialog. Compared to the standard
St [T o dosimetric probe, the EX3DV3 type has a re-
SensarZ [1 mm

duced Tip diameter as well as smaller distance

[ Al senser i b grid

Conneelon imlaticn: (0 i

between sensor calibration point and probe tip
(Sensor XY and Z) enabling SAR assessments
as close as 1.5 mm from the shell-liguid inter-
face.

col_|

Note: Please note that the standard ES3DV3 and especially the ET3DVE dosimetric
probes are not snitable for this frequency range. With these probes, the SAR measure-
ment uncertainty can significantly exceed £=30%.

E-Fleld Probe (3-D) B ]

Ganmal| Machanical] Suilace Dataction| Sermitiily  Corwersion Facinis |

Mamg: | 5200 MHz bode]

Hew | Dokt | Fiopeias._ | B kY z: S
Tame Fieq Range [MHZ) Cercie. Famani. | e et | B [+5 [+5
T P o P - BN DO
5200 KHz [head| 5150 - 5250 4d3-. M2-3. Diekx |1.9 |19 |19
EECO MMz ooy 5450 - 5550 537 462-51
FEOOMHz (Mead] | 5450 - 5550 471 - FAE-3
EO0 Wiz o] 0700 - 90 G7-B3 468-0 Freuesney rnge | 5160 1 [5290 MHz Caleated for: 5200 MHz
SE00 MHz fhead] | 5750 - 5630 S01-.. 335-3.
SO0 MHz (hend] | 850 - 350 085 | Fd-4 Pttty range: | 156 1o (515

Caloeated for |95

Calbealad for |52 e

Conducliviy ienga |5 04 Ia 557 Sfm

Seriiilp

[ Butomaticaly select best matching conwarsion Fachar on frequence |D |El |E|
an ety [0 [o o
an corecinlz [0 [o o

(11,9 Carcel

Schimid & Partner Engineering AG. DASY 4 Manual V4.2, Fehruary 2004 26G-2

UL Apex Co., Ltd.
Head Office EMC Lab.

4383-326 Asama-cho, Ise-shi, Mie-ken 516-0021 JAPAN
Telephone: +81 596 24 8116
Facsimile: +81 596 24 8124



Test report No. : 25LE0207-HO-6

Page : 121 0f 128

Issued date : August 5, 2005

FCCID : EJE-WB0036
The 5-6 GHz Extension Application Notes

The probe conversion factors i the 5-6 GHz frequency range were assessed in the setup based
on the vertically standing wavegnide type RE2 ([requency band: 4.9 - 7.05 GHz). Due to the
small waveguide dimensions, field disturbance by the ]I'I"']J" conld not be excluded and needs to be
added to the nneertainty budget. Together with other error sources, the resulting pri shie calibration
uncertainty for the EX3DV3 probe type was assessed to be £6.6% (k=1) at Calibration Frequency
and +13.6% (k=1) for a narrow-band conversion factor (+£50 MHz).

26.3 Tissue Simulating Liquids

In the current gnidelines and draft standards for compliance testing of mobile phones (e.g.. IEEE
P1528, OET 65 Supplement ), the dielectric parameters suggested for head and body tissne
simulating liquid are given only at 3.0 GHz and 5.8 GHz. As an intermediate solution, dielectric
parameters for the frequencies between 5 to 5.8 GHz were obtained using linear interpolation (see
Tahle 26.1).

SPEAG has developed snitable head [HSL5200) and body (MSLSR00) tissue simulating liguids
conzisting of the following ingredients: deionized water, salt and a special composition including
mineral oil and an emulgator. Dielectric parameters of these liquids were measured using a HP
250708 Dielectric Probe Kit in conjunction with HP 8753E Network Analyzer (30kHz - 6 GHz).
The differences with respect to the interpolated values were well within desived 4+ 5% for the whole
5 to 5.8 GHz range.

[ {GHz) | Head Tissue || Body Tissue Reference
[3 T [3 T

3.0 385 2.40 52.0 2.73 Standard
5.8 35.3 5.27 15.2 G.00 Standard
5.0 36.2 1.45 19.3 5.07 Interpolated
5.1 a6.1 .55 19.1 518 Interpolated
5.2 36.0 L.GG 19.0 | 5.30 Interpolated
5.3 35.9 L.76 15.9 5.42 Interpolated
5.4 35.8 .86 15,7 5.53 Interpolated
5.5 35.6 196 18.6 5.65 Interpolated
5.6 35.5 5.07 155 5T Interpolated
5.7 35.4 517 15.3 5B Interpolated

Table 26.1: Standard and interpolated dielectric parameters for head and body tissue simulating
liquid 1 the frequency range 2 to 5.8 GHez.
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26.4 SAR Evaluation

26.4.1 Area Scan job

Due to the reduced penetration depth in the corresponding liquid (6.01mm at 6 GHz), the distance
between the measured points and phantom surface during the Area Scan needs to be reduced as
well as the tolerance, ie., it should be less than 4.0mm with a variation of less than + 0.5 wmm
during the entire scan.

The recommmend distance between the probe sensor and phantom surface is 1.5-2.0 mum.

26.4.2 Zoom Scan job

The strong decay would require that at least two measurement points are taken within the fHrst
S from the liguid-shell interface. The following setting for the Zoom Scan job are recommended
for the best time vs. aceuracy ratio:

o Grid Step size X and Y 4.31mm

e Grid Step size Z 3.01mm

e Grid Extent Z 21.0 num

& Minimum distance of probe sensor te surface 1.5-2.0 mm
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26.5 System Performance Check
For the preparation of the setup please refer to Chapter 15 Systemn Porformance Checle.

Reference SAR values

The reference SAR values were calculated using fintte-difference thme-domain FDTD method (feod-
point impedance set to 5002) and the mechanical dimensions of the DSGHzV2 dipole (manufactured
by SPEAG).

I (GHz) Hoad Tissie Body Tisie
SARy, | SAR10g | SARpear || SAR1, | SAR10, | SARpea
5.0 72.9 2007 285.6 68,1 19.2 260.3
51 XD 211 207.5 TSR 196 272.3
5.2 T6.5 216 3103 718 301 /17
5.8 750 210 310.0 TI1 205 3017

Table 26.2:

Numerical reference SAR values for DSGHzV2 dipole and Hat phanton.

Uncertainty Budget for System Performance Check

The extended frequency range requires the same documentation including evaluation of the same

uncertainty sources. In the following table. an updated nneertainty budget for the system pertfor-

mance check in the frequency range between 5-6 GHz is given.
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System Performance Check

for the 5 - 6 GHz range

Tol. Proh. | Div. (e (ea) Std. une. | St une. | (o)
Error Description [+ %) clist. (1e)y | (10g) 1g) (10g)
Measurement System
Prohbe Clalibration +6.06 N 1 1 1 +4.8 % +6.6 % .
Axial Isotropy +4.7 R V3 1 1 +2.7 % +2.7%
Hermispherical Isotropy i R Vv 3 1 1 0 1] w
Boundary Effects 2.0 R V'3 1 1 +1.2% +1.2% s
Linearity +4.7 R V'3 1 1 +2.7 % £2.7% C
System Detection Limit +1.0 R V'3 1 1 +10.6 % +0.6% e
Readout Electronices +1.0 N 1 1 1 +1.0% +1.0% e
Response Time () R V'3 1 1 0 s Bt
Integration Tihme { R \,_] 1 1 0 1] xC
RF Ambient Conditions +3.0 R V'3 1 1 +1.7% +1.7% %
Prohe Positioner +0.5 R W3 1 1 +0.5% +0.5"% X
Prohe Positioning +5.7 N 1 1 1 +5.7T%W +5.7% )
Algorithms for Max., SAR Ewal. +4.0 R V3 1 1 +2.3% +2.3% X
Dipole
Dipole Axis to Liquid Distance +2.0 R V'3 1 1 +1.2% +1.2% C
Input power and SAR drift meas. +4.7 R NE] 1 1 +2.7TW +2.TY s
Phantom and Tissue Param.
Phantom Unecertainty +4.0 R NE 1 1 +2.3% +2.3% e
Liquid Conductivity (target) +5.0 L. V3 0.64 (.43 +1.8% +1.2% X
Liquid Conductivity (meas.) +2.5 N 1 (.64 0.43 +1.6% +1.1% X
Liguid Permittivity (target) +5.00 R W 3 0.6 .49 +1.7% £1.4% .
Liguid Permittivity {(meas.) +2.5 N 1 1.6 (.49 +1.5% +1.2% 0
Combined Standard Uncertainty +11.3% +11.1% C
Coverage Factor for 95% kp=2
Expanded Uncertainty | | | | +232.6 % | +22.1 % |

Tahle 26.3: Uncertainty of the system performance check in the 5-6 GHz range. Probe calibration
error reflects uncertainty of the EX3DV3 probe conversion factor at Calibration Frequency.
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26.6 Uncertainty Budget for Compliance Testings

The updated nneertainty budget for the compliance testing in the frequency range between 5-6 GHz

1= siven in the table below.
DASY4 Uncertainty Budget
for the 5 - 6 GHz rance

Uncertainty Prob. Divw. (i) (e Std. Une. Stel. Une. ()
Error Description value Dist. lg g | (lz) (10g) Perf
Measurement System
Probe Calibration +6.8 % N 1 1 1 +6.8 7 +6.8 % i
Axdal Isotropy +4.7% R V3 0.7 0.7 +1.9 % +1.9% G
Hemispherical Isotropy +0.6% 1 '3 0.7 0.7 +3.9 % +3.9 % C
Boundary Effects +2.0% 1 V3 1 1 +1.2'% +1.2% ~C
Linearity +4.7% ? V3 1 1 +2.7 W a's
Syatem Detection Limits +1.0% R W o 1 1 +00.6 0.6 9 ™
Readont Electronics +1.0% N 1 1 1 +1.0% + 1.0 % C
Response Time +0.8% 1 '3 1 1 +0.5 % +0.5 % .
Integration Thne +2.6% ¥ V3 1 1 +1.5 % +1.5% X
RF Ambient Conditions +3.0% 1 '3 1 1 +1. +1.7 %W '
Probe Positioner +0.8% R W3 1 1 4.1 +0.5 % ~C
Prohe Positioning +5.7% N 1 1 1 +5.7 Y +5.7 W ™
Max. SAR Ewval +4.0% R V3 1 1 +2.3% +2.3 % ~C
Test Sample Related
Device Positioming +2.9% N 1 1 1 +2.9 % +2.9 % 145
Device Holder +3.6% N 1 1 1 +3.6% +3.6 3
Power Drift +5.0% R V3 1 1 +2.0 % +2.0 % ~C
Phantom and Setup
Phantom Uncertainty +4.0 % R W a3 1 1 +2.3 % ™
Licuid Conductivity (target) | +5.0% R V'3 0.64 | 0,43 | £1.8% ~C
Liguid Conductivity (meas.) +2.5% N 1 0.64 | 0,43 | £1.6'% 5
Licuid Permittivity (target) +5.0% It '3 (.6 0.49 | £1.7% o
Liquid Permittivity (meas.) +2.5% N 1 0.6 0.49 | £1.5'% ~C
Clombined Std. Unecertainty +12.8 "% il 330
Expanded STD Uncertainty +25.7T% +25.3 %

Table 26.4: Worst-Case

factor (=50 MHz).

nncertainty budget for DASY 4 valid for the
Prohe calibration error reflects uncertainty of the narrow-bandwidth EX3DV3 probe conversion

|.|'('(|'Il("||('.\- range 5 - 6 GHz=.
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APPENDIX 8 : Power drift measurement
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The power drift in the elapsed time was performed because the power drift effects the uncertainty of SAR measurement.

The average power was measured under the condition of Max. power of each frequency band.

The test result shows that the power drift exceeded 5%. Therefore, the uncertainty of power drift expanded to 10%.

5260 MHz
Time Result [Converted|Diviation 40.00
[Minutes] |[dBm] [[mW] [%]
0] 15.44 34.99 - = 35.00
5 15.2 33.11 -5.4 g . ~
10 15.08 32.21 -8.0 ?g 30.00 v
20 15 31.62 -9.6 8
30 14.99 31.55 9.8 25.00
0 10 20 30
Time[minutes]
5825 MHz
Time Result [Converted|Diviation
[Minutes] |[dBm] |[mW] |[%] _ 15.00
0 10.2 10.47 - =
5 99 9.77 -6.7 £ 10.00 e
10 9.8 9.55 -8.8 g v * .
20 9.76 9.46 -9.6 £
30 9.75 9.44 -9.8 5.00
0 10 20 30
Time[minutes]
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