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APPENDIX 4 : 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, Switzertand

Client

Object(s)

Cafibration procedura(s}

Calibration date:

Condition of the calibrated ftem

This calibration statement documents raceability of M&TE used in the calibration procedures and conformity of the procedures with the ISO/EC
17025 intemational standard.

All calibraions have been conducted in the closed laboratory facility: envirenment temperature 22 +/- 2 degrees Celsius and humidity < 75%.

Calibration Equipment used (MATE critical for calibration)

Maodel Type . lb# Cal Date (Cabbrated by, Cerfficate No) ~ Scheduled Calibration |
Power meter EPM E44158 GB41293874 Z-Ape-03 (METAS, No 252-0250) Apr-04

Power sensor E4412A MY 41495277 Z-Apr-03 (METAS, No 252-0250) Bpr-04

Fower 3ensor HP B4B1A MY41092217 18-Oct-02 (Agilent, No. 20021018) Oct-04

RF generator R&3 SMT05 100058 Z3-May-01 (SPEAG. in house check May-03) In howse check: May-03

Network Analyzer HP 8753E U33738058% 18-0ct-01 {SPEAG, in house check Nov-03) I house check: Oct 05

Funeﬂon i RIJ.IE

Galibrated by.

Approved by:

Date issued:; February 26, 2004

This calibration cortificate is issuad as an intermediate solution until the accreditation process (based en ISO/EC 17025 Intemnational 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. Measnrement Conditions

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

Frequency: 5200 MHz
Relative Dielectricity 36.3 1 5%
Conductivity 4.57 mho/m 5%
Frequency: 5800 MHz
Relative Dielectricity 35.4 + 5%
Conductivity 5.20 mho/m + 5%

The DASY4 Systern with a dosimetric E-field probe EX3DV3 . SN:3503 was used for the
measurements. The dipole was mounted on the small tripod so that the dipele 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 during measurements for accurate distance positioning.

The coarse grid with a grid spacing of 10mm was aligned with the dipole. Special 8x8x® 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 input power of |W
(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 - 203 % (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 5800 MHz (Head Tissue) with the dosimetrnic 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 io 50 Ohm). The values are SAR_1g=76.5 mW/g.
SAR 10g=21.6 mW/g and SAR peak=3103 mW/g

? Target dipole values determined by FDTD (feedpoint impedance set 1o 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 al 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-comnector 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 5%
Conductivity 518 mho/m = 5%
Frequency: 5800 MHz
Relative Dielectricity 48.5 1 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 dipole center to
the solution surface. Lossless spacer was used 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 5N:3503 and applving the advanced extrapolation are:

averaged over I em® (1 g) of tissue: 82.0 mW/g 203 % (k=2)

averaged over 10 cm® (10 g) of tissue: 23.0 mW/g = 15.8 % (k=2)'

The resulting averaged SAR -values measured at 5800 MHz (Body Tissue) with the dosimetric probe
EX3DV3 SN:3503 and applving 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 tissue: 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 conducior 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.

8. 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 mWyg,
SAR_10g=205 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 5SGHz; Serial: DSGHzV2 - SN:1020

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

Medium parameters used: f = 5800 MHz; o = 5.2 mho/m; €, = 35.4; p= 1000 kgfrn"’

DASY4 Configuration:

» Probe: EX3DV3 - SN3503; ConvF(5.7,5.7,5.7)
ConvF(3, 5, 5); Calibrated: 6/27/2003
« 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
« Measurement SW: DASY4, V4.2 Build 30; Postprocessing SW: SEMCAD, V1.8 Build 98

d=10mm, Pin=250mW, =5200 MHz/Area Scan (91x91x1): Measurement grid: dx=10mm, dy=10mm
Reference Value = 97.3 Vim

Power Drift = 0.0 dB

Maximum value of SAR =40.4 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(1g)=21.5 mW/g; SAR(10 g) = 6.05 mW/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 Wikg

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

dB

0 dB = 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; g = 49.7; p = 1000 kg/m?

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

DASY4 Configuration:

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 W/kg

SAR(1 g) = 20.5 mW/g; SAR(10 g) = 5.74 mW/g

0 dB = 33.6mW/g

UL Apex Co., Ltd.

Head Office EMC Lab.
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APPENDIX 5 : Dosimetric E-Field Probe Calibration (EX3DV3.S/N: 3507)

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. : 25IE0245-HO-6

Page . 78 of 96
Issued date : July 07, 2005
FCCID : AKSIRF303

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrassa 43, 8004 Furich, Switreriand

Schweizerischer Kallbriardianst
Sarvice suisse d'étalonnage
Servizio svirzers dl taratura
Swiss Calibration Sarvica

Accrediled by the Swiss Federal Office of Metrokegy and Accredilation Accraditation No.: SCS 108
The Swiss Accreditation Servica is one of the signatories to the EA
Muiltiiateral Agreament for the recognition of calibration cartificates

Calibration procedure(s)

Calibration date:

Cendition of the calibrated item

This calibration cerificate documents the traceability o national standards, which realize the physica! units of measurements {SI).
The measurements and the uncertaintias with confidence probabilfity are given on the following pages and are part of the cedificate.

All cakibraticns have been conducted in the closed laboratory facility: environment temperature {22 + 3)°C and humidity < 70%.

Calibration Equipment used (MATE criticat for calibration)

Primary Standards D # Cal Date (Calibrated by, Certificate No)  Scheduled Galibration
Power meter E44 198 GB41293874 5-May-0d4 (METAS, No. 251-00388) May-05
Power sensor E4412A MY41488277 5-May-04 (METAS, No. 261-00388) May-05
Reference 3 dB Attenvator SN: B5054 (3c) 10-81g-04 (METAS, No. 251-00403) Aug-05
Refarence 20 dB Attenuator Sh:- 55088 (20b)} 3 May-0d (METAS, Ho. 251-00380) May-05
Raferenca 30 dB Aftenuator SN: 55128 (30b)} 10-Aug-04 (METAS, No. 251-00404) Aug-05 |
Referance Probe ESIDV2 SN: 3013 7-Jan-05 {SPEAG, No. ES3-313_Jand5) Jan-06 !
DAE4 SN 617 19-Jan-05 (SPEAG, No. DAE4-5417_Jan05) Jan-08
Secondary Standards o # Check Date {in house) Scheduled Check
Power sensor HP 84814 MY41092180 18-Sep-02 (SPEAG, in house check Oci-03) It house check: Oct 05
RF generator HF 8648C US3642001700 4-Aug-99 {SPEAG, in house check Dec-03) In house check: Dec-05
MNetwork Analyzer HP 8753E US3T390588 18-0ct-D1 (SPEAG, in house check Nov-04) In heuse check: Nov 05
Name _ Funcon Signalure
Calibratad by: Hida Lol pcepcin Tt Yoty
Approved by:

Issued: April 12, 2005

This calibration cerificate shall not be reproduced except in full without wiitten approval of the Jaboratory,

Certificate No: EX3-3507_Apr0S Page 1 of 10

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. : 25IE0245-HO-6

Page 2 79 of 96
Issued date : July 07, 2005
FCCID : AKSIRF303
Calibration Laboratory of S Schwelzerischer Kalibrisrdienst
Schmid & Partner Service suisse d'talonnags
Engineering AG c Servizio svizzero di taratura
Zeughaussirassa 43, 8004 Zurich, Switzeriand S Swiss Callbration Service

Accradiled by the Swiss Federal Office of Melrology and Accredilation Accreditation No.: SCS 108
The Swiss Accreditation Sarvica |s oma of the signatories to the EA
Mulilateral Agraament for the racognition of callbration cartificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConF sensitivity in TSL / NOCRMx,y,z

DCP diode compression point

Pclarization ¢ «p rotation around probe axis

Polarization $ § rotation around an axis that is in the plane narmal to probe axis (at

measurement center), i.e., 3 = 0 is normal to probe axis

Calibration is Performed Accerding to the Following Standards:

a)

b)

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 Technigues”, December 2003

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:

NORMx,y,z: Assessed for E-field potarization 3 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMx,y,z does not affect the E>-field uncertainty inside TSL (see below ConvF).

NORM(fIx,y,.z = NORMX,y,z * frequency_respanse (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 not depend on frequency nor media.

Convf and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHZz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 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 used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMXx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows
extending the validity from + 50 MHz to + 100 MHz.

Spherical isotropy (30 deviation from isofropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

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

Certificate No: EX3-3507_AprdS Page 20of 10
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4383-326 Asama-cho, Ise-shi, Mie-ken 516-0021 JAPAN
Telephone: +81 596 24 8116

Facsimile: +81 596 24 8124



Test report No. : 25IE0245-HO-6

Page : 80 of 96

Issued date : July 07, 2005

FCCID : AKSIRF303
EX3DVI SN: 3507 April 12, 2005

Probe EX3DVJ3

SN:3507

Manufactured: December 15, 2003
Last calibrated: February 20, 2004
Recalibrated: April 12, 2005

Calibrated for DASY Systems

{Note: nen-compalble with DASYZ2 systemt)

Cenficate No: EX3-3307 AprdS Page 3of 10
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EX3DV3 SN:3507 April 12, 2005

DASY - Parameters of Probe: EX3DV3 SN:3507

Sensitivity in Free Space” Diode Compression®
NormX 0.71 £ 10.1% pVIVIm)? DCP X 96 mV
NormY 0.74 £ 10.1% pVAVIm)? DCPY 96 mV
NormZ 0.73 £ 101%  pVAV/M) DCP Z 96 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page B.

Boundary Effect

TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantomn Surface Distance Z20mm 3.0 mm
SARy, [%] Without Correction Algorithm 3.4 1.2
SAR., [%] With Cormrection Algorithm 0.2 0.4
TSL 1810 MHz Typical SAR gradient: 10 % per mm
Sensar Center to Phantom Surface Distance 20mm 3.0 mm
SAR,.. [%] wWithout Correction Algorithm 3.3 1.8
SAR,q [%] With Correction Algorithm 0.6 0.7
Sensor Offset
Probe Tip to Sensor Center 1.0 mm

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

* The unceralnties of NomX.¥.Z do not affect the EX-fiald uncarainty inside TSL (see Paga 8).
® Numarical linearzation parameler: uncerainly not fequired.

Cenrtificate No: EX3-3507_Ap05 Page 4 of 10
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EX3DV3 SN:3507

April 12, 2005

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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1
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

f= 600 MHz, TEM ifi110EXX f = 1800 MHz, WG R22

| X -—e-Y -—-®-27 —o—Tot

—0—30MHz |
= —@— 100 MHz
3, —o— 600 MHz
‘2' —&— 1800 MHz
] —&— 2500 MHz

0 60 120 180 240 300 360
¢ 1°1

Uncertainty of Axial Isotropy Assessment: 1 0.5% (k=2)
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Dynamic Range f(SARcad)
(Waveguide R22, f = 1800 MHz)
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0.0001 0.001 0.01 0.1
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—&— not compensated —&— compensated

o
o

o
(&)

April 12, 2005

Error [dB]

0.001 . 0.1
SAR [mW/cm?]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f = 900 MHz, WGLS R9 (head)

f = 1810 MHz, WGLS R22 (head)

35 ‘ — 300 T
30 % 5 250 §
z 2.5 - E 20.0 4
%€ 20 e
o = 185.0 4
g .
2 s d
| ® | ©
| 10.0 o
| g 1.0 g
i 05 5.0 1
|
i 0.0 0.0 -
z[mm] z[mm]
| +ﬁna|yﬁm| -—O—Measuremgnts. i —0— Analytical —¢— Measurements
f[MHz] Validity [MHz]° TSL Permiltivity Conductivity Alpha Depth ConvF Uncertainty
800 +50/+£100 Head 41.5+5% 0.97 £ 5% 0.74 0.68 10.48 £ 11.0% (k=2)
1810 +50/+100 Head 40.0 +5% 1.40 £ 5% 0.51 0.77 9.10 +£11.0% (k=2)
2450 + 50/ +100 Head 38.2+5% 1.80 £ 5% 0.46 0.81 8.25 £ 11.8% (k=2)
00 + 50/ +£100 Body 55.0+5% 1.05 £ 5% 0.79 0.62 10.42 +11.0% (k=2)
1810 +50/+100 Body 53.3+5% 1.52 + 5% 0.30 1.78 8.70 +11.0% (k=2)
2450 +50/+100 Body 527+5% 1.95+5% 033 159 7.72 #11.8% (k=2)

€ The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.
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Deviation from Isotropy in HSL
Error (¢, 9), f = 900 MHz

Error [dB]

---1.DEI-[I_BI] H-0.80-060 B-060-040 HE-0.40--0.20 @-0.20-0.00 i
i 00.00-0.20 @E020-0.40 DO040-0.60 ©E@0.60-0.80 ME0.80-1.00

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Appendix
f= 5200 MHz, WGLS R58 (head) | f=5200 MHz, WGLS R58 (body)
700 — : 70.0 1 -
6001 | 60.0 § I
z 50.0 - = &0.0 _j: i
E 400 S & 400 !
2 £ |
% 30.0 E 300 :
z - |
@ 200 @ 200 i
10.0 10.0 [

0.0 + 0.0 -

40 | 0 10 20 30 40
z[mm]

—@— Analytical —o0— Measurements | —€—Analytical —0— Measurements
f[MHZ]® validity [MHz] TSL Permittivity Conductivity Alpha Depth ConvF Uncertainty
5200 £50 Head 36.0+5% 4.76+5% 041 1.80 5.37 +13.6% (k=2)
5800 + 50 Head 35.3+5% 527 +5% 0.45 1.80 467 £ 13.6% (k=2)
5200 =50 Body 49.0+5% 5.30+5% 045 1.90 4.86 =+ 13.6% (k=2)
5800 +50 Body 48.2+5% 6.00+5% 045 1.90 4.32 £ 13.6% (k=2)

© Accreditation for ConvF assessment above 3000 MHz is currently applied for. Accraditation is axpected
in spring 2005.
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Chapter 26

The 5-6 GHz Extension

26.1 Introduction

I July 2003, the SPEAG ealibration laboratory and its service center released extension for con-
ducting SAR assessments with DASY4 in the frequency range 5-6 GHz. In addition, m January
2004, SPEAG released the smallest dostinetric probe EX3DV3E which allowed a significant improve-
ment of the extension with respect to the measurement accuracy.

These new tbemns and services enable the nser to perform routine evaluations of compliance with
exposnre gnidelines operating in the 5GHz frequency band, as defined i the supplement IEEE
202.11a (1999) and HiperLAN/2 standards with an uncertainty 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 [2], IEC 62209 [] for lower frequencies
(300 MHz - 2 GHz). The performance of the new setup has been validated by the Foundation for
Research on Information Technologies in Society IT'IS.

DASY Software Settings

The recommmnended nsage of a DASY systern and its components i the frequency range 300 MHz
- 3GHz 1= described i detail i the previous Chapters. This Chapter provides all additions and
deviations needed for the requency range 5-6 GHz. I nothing is stated in this Chapter, the
requirements, procedures and methods of the previous Chapters are applicable.

SM100s_SMI025_HS000_041003]

I G Edt ¥ew Tods Wndaw Help

Dl & R X|E v b=y

Satup | =tatus
@ ervar ) ) EOE— :
@ W 003 S0 Most of the DASY items and requirements do
@ | oo - s not deviate from those for the [requency range
& F Bigfoot RAA0L Lefly-above-hoFlip e ;.
eia«mzﬁ,m below 3 GHz, However, due to the stronger gra-
Q35600 dients of the Held distribntion in the 5-6 GHz fre-
@ [8 Do 55+ v : :
[l - = quency range, adaptation is required for the scan-
075 1 (Hizh Pracision Assezsmen) ning method as well as for the dostmetrie probe
il tvpe.
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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 calibratiom point and probe tip (Sensor XY and Z) of 1.0 . With
these dimensions, the EX3DV3 probe has superior performance for high precision measurements
in field distributions with steep gradients.

The EX3DV3 probe is fully compatible with the latest draft of TEC 62200 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 universally applicable for dosinetrie
assessients and s fully compatible with the mechanical detection systerm of DASY 4.

E~Fectdd Probe (300 x|

B Mochancsl | Suisce Detecion | Semiviy | Converson Factors |

Finbe overal lenotc [EER mm
Probe hodu charsbar (10 ™
Tospte m The dimensions of the smallest dosimetric
Tio chaneter: [Z0 m e . , .
: ; EX3DV3 probe are shown in the Mechanical
Dliskan oass bbwern smren siboralion poinks snd prabs . ; )
Semet [T mm tab in the dialog. Compared to the standard
Sursa . [1 o dosimetric probe. the EX3DV3 type has a re-
Sensar 2 [1 mm

™ Akan sensor ¥ to gid

Conmeelon mlatich: [0 2

duced Tip diameter as well as smaller distance
between sensor calibration point and probe tip
(Sensor XY and £} enabling SAR assessments

as close as 1.5 mm from the shell-liquid inter-
face.

ol

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

Ered e iao) o CC————
Gangial| Machanical | Suilace Delection | Seemitialp  Conversion Facios | Nams:liZ‘WMH!ﬂ!ﬂﬂPl aK I
Cole Frepeitics _ S w z: o
Tlame Freq Range [MHZ) Cereni. Femiti. | Seatii st | fER = f+55
1 T kHz e 1700 1B 1 42 siphe [015 [rs [z
5200 MHz (head) 5150 - 5250 443-. I3 Diekx |1.9 |1 E) |1 a
EEOf MHz hody] | 5450 - 5550 537-.. 452-51
EE WiHz (haad) | 5450 - 5550 471 - FEE-3
TEO WHz [ock] | 5700 - D G7-53 4GE8.0 Frecpesey tange [5160 i ] MHz  Caiealed her [5200 MHz
600 MHz hesd] | 5750 - 5630 501-.. 335-3.
SO0 MHz hend]  BS0. 350 n25-. -1 Pty e [ 9506 o [513 Calibeated for [12
Corchac| ity enga | 504 Io 557 Sim Calbraled for |52 Sim
Sermiilp
[ Aubcmasicaly select best mabehing convarsion Eachar onfrequency: |IJ |E| |El
an pemtidty [0 [o [o
= S an cerddactiiys [0 [o [o
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The probe conversiom factors in the 5-6GHz frequency range were assessed in the setup based
on the vertically standing wavegnide type RS2 (frequency band: 4.9 - 7.05 GHz). Due to the
small waveguide dimensions, field disturbance by the ]:]'H]JI' could not be exeluded and needs to be
added to the nneertainty budget. Together with other error sources, the I't'.\'-1l|li||;_'.'||'|'- she 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 guidelines and dratt standards for compliance testing of mobile phones (e.g.. IEEE
P1528, QOET 65 Supplement C), the dielectric parameters suggested for head and body tissue
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 (=ee

Table 26.1).

SPEAG has developed snitable head (HSL5200) and body (MSLHB00) tissue simulating liguids
consisting of the following ingredients: deionized water. salt and a special composition inclading
mineral oil and an emulgator. Dielectric parameters of these liquids were measured using a HP
S507T0E Dielectric Probe Kit in conjunction with HP 8753E Network Analyzer (30kHz - 6 GHz).
The differences with respect to the nterpolated values were well within desived £ 5% for the whole
5 to 5.8 GHz range.

F (GHz) | Head Tissue || Body Tissne Reference
(2 (o (2 T

3.0 8.5 2.40 52.0 2.73 Standard
L) 35.3 .27 18.2 G.00 Standard
5.0 6.2 l.45 19.3 5.07 Interpolated
A.1 a6.1 |55 191 5.18 Interpolated
5.2 36.0 L.GG 19.0 | 5.30 Interpolated
5.3 35.9 L.76 15.9 5.42 Interpolatecd
5.4 35.8 L.8G 18,7 5.53 Interpolated
5.5 35.6 1.6 1=.6 5.65 Interpolated
5.6 15.5 5.07 1=8.5 577 Interpolatecd
5.7 35.4 517 1=.3 5,88 Interpolated

Table 26.1: Standard and interpolated dielectric parameters for head and body tissue simulating
liquid in the frequency range 3 to 5.8 GHez.

Schmid & Partner Engineering AG, DASY 4 Manual V4.2, February 2004 26-3

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.
Page

Issued date
FCCID

: 251E0245-HO-6
1 92 0f 96

: July 07, 2005

: AKSIRF303

The 5-6 GHz Extension

Application Notes

|
General  Parameters | General  Paramefers |
impare.. | Dei= | Properiiea. impar.. | Demte | Prapeics.. |
Azl Pemidti.. Corduchivib | s" Rzl Pemnkel..  Conduchbwbe.. | 2™ ||
J6.B4 4.3 1678 anz23 4.5 w2
4653 449 15E1 4993 506 1763
36,34 4.57 15E 4373 218 7.
3613 q4.E2 1G.ET 435 532 B4
3591 4.7 15584 49 2 5.46 e8]
4572 4.56 16 491 5549 1B27
3533 EZ 1E12 A48 51 EM 1B.E3
Dzrsity of simulzted fizsus: [T oo Dinsity of simulsted fizsus [1 glond
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Themmalcapacik: |1500 JAkg Kl Theimal capacib: | 1500 JeTka Kl
W Supporl: optical suifacs devection W Suppoel: optical suifacs detecton
k. I Cancal 0, I Cancal

26.4 SAR Evaluation

26.4.1 Area Scan job

Due to the reduced penetration depth in the corresponding liguid (6.0 mun 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, Le.,
during the entire scan.

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

26.4.2 Zoom Scan job

it should he less than 4.0 mum with a variation of less than =+ 0.5 mmmn

The stromg decay wounld require that at least two measurement points are taken within the first
Smm from the liquid-shell interface. The following setting tor the Zoom Scan job are recormmencded

for the best time vs. accuracy ratio:

e Crid Step size X and Y 4.3mm
e Grid Step size Z 3.01mm
e Grid Extent Z 21.0mm

e Minimum distance of probe sensor to surface 1.5-2.0 mm

Schmid & Partner Enginecring AG. DASY 4 Mannal V4.2, Fehruary 2004
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26.5 System Performance Check

For the preparation of the setup please refer to Chapter 15 System Performance Checle,

Reference SAR values

The reference SAR values were caleulated using finite-difference thme-domain FDTD method (feed-
point tnpedance set to 50 (}) and the mechanical dimmenslons of the D5GH2V2 dipole (manutactured

by SPEAG.

[ (GHz) Mead Tisste Body Tisie
SARi, | SARi0, | SARpear | SAR1, | SAR10, | SARpean
5.0 720 207 285.6 681 192 2603
51 710 211 207.5 788 106 772.3
5.2 T6.5 1.6 3103 1. 20,1 2817
58 750 21,0 310.0 TI1 205 3207

Table 26.2: Numerical reference SAR values for DAGHzV2 dipole and Hat phantom.

Uncertainty Budget for System Performance Check

The extended frequency range requires the same documentation including evaluation of the same
uncertainty sonrces. In the following table, an npdated nneertainty budget for the system pertfor-
mance check in the frequency range between 5-6 GHz 15 given.
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System Performance Check

for the 5 - 6 GHz range

Tol. Proh. | Div. (5] {eg) St une. | St une. | (o)
Ervor Description == clist. (1) | (10g) 1zl (10g)
Measurement System
Probe Clalibration +6.6 N 1 1 +4.8 % +6.6% ~C
Axial Isotropy +4.7 R V3 1 1 +2.7% +2.7% .
Hermispherical Isotropy { R W 1 1 0 ] s
Boundary Effects 2.0 R V'3 1 1 +1.2% +1.2% '
Linearity +4.7 R i) 1 1 +2.7 % +2.7 % ~C
Svatem Detection Limit +1.00 R V'3 1 1 +0.6 % +0.6 % >'s
Readont Electronices +1.00 N 1 1 +1.0 % +1.0% s
Response Time { R W3 1 1 0 o s
Integration Thne { R \,_} 1 1 0 0 X
RF Ambient Conditions +3.0 R '3 1 1 +1.7% +1.7% e
Prohe Positioner +iL= R '3 1 1 +0.5 % +0.5% s
Prohe Positioning +5.7 N 1 1 +5.7 % +5.7 % .
Algorithms for Max. SAR Ewval. +4.00 R '3 1 1 +2.3% +2.3% G
Dipole
Dipole Axis to Liquid Distance +2.0 R '3 1 1 +1.2% 1.2% ~C
Input power and SAR drift meas. +4.7 R NE] 1 1 +2.7% +2.7% a's
Phantom and Tissue Param.
Phantom Unecertainty +4.00 R V3 1 1 +2.3% +2.3 % s
Ligquid Conductivity (target) +5.0 R. '3 .64 (.43 +1.8% +1.2% xC
Liquid Conductivity (meas.) +2.5 N .64 .43 +1.6% +1.1% .
Liquid Permittivity (target) +5.0) R Wi (.6 0.49 +1.7 % +1.4% ~
Liguid Permittivity (meas.) +2.5 N 0.6 0.49 +1.5% +1.2% 'S
Combined Standard Uncertainty +11.3% +11.1% N
Coverage Factor for 95% kp=2
Expanded Uncertainty | | | | +22.6 %% | +22.1 % |

Table 26.3:

Unecertainty of the system performance check in the 5-6 GHz range. Probe calihration

error reflects uncertainty of the EX3DWV3 probe conversion factor at Calibration Frequency.
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26.6

Uncertainty Budget for Compliance Testings

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

15 given in the table below.

DASY4 Uncertainty Budget
for the 5 - 6 GHz ranze

Uncertainty Prob. Div. () () Sted. Une. Stel. Une. [#3)
Error Description valiue Dist. le 10g (1) (10g) Beryr
Measurement System
Probe Clalibration +06.8 % N 1 1 1 +6.8 % +6.5 7 .e
Axdal Isotropy +4.7 % R V3 ol o7 o7 | t1ow +1.9% =
Hemnispherical Isotropy +09.6% R V'3 0.7 0.7 +3.9 % +3.9 % >
Boundary Effects +2.0% I e 1 1 +1.2% +1.2'% ~C
Linearity +4.7 % R Vv 3 1 1 +2.7 % +2.7 % >
Syvstem Detection Linnits +1.0% I Voo 1 1 +00.6 % +0.6 % s
Readont Electronics +1.0% N 1 1 1 +1.0% +1.0% .
Response Time +0.8% R V'3 1 1 +0.5 % +0.5% >
Integration Thme +2.6 % It NE] 1 1 +1.5% +1.5% G
RF Ambient Conditions +3.0 % I W3 1 1 +1.7 % +1.7% G
Probe Positioner +0.8 % R e 1 1 +0.5 % +0.5"% ~C
Probe Positioning +5.7 % N 1 1 1 +5.7 % +5. 7% 'S
Max. SAR Ewal +4.0% R e 1 1 +2.3 % +2.3% ~C
Test Sample Related
Device Positioning +2.9 9% N 1 1 1 +2.9 % +2.9 "% 145
Device Holder +3.6% N 1 1 1 +3.6 % +3.6"% 5
Power Drift +5.0 % R V'3 1 1 +2.0 % +2.6 % ~C
Phantom and Setup
Phantom Uncertainty 44,0 I Vo 1 1 +2.3 %, C
Liquid Condunctivity (target) | £5.0% R V3 | o6a | 043 | £18% x
Liguid Conductivity (meas.) +2.5 % N 1 064 | 043 | £1.6%W e
Liguid Permittivity (target) +5.0% I W 3 .6 0.49 | £1.7% o
Liquid Permittivity (meas.) +2.5 % N 1 0.6 0.49 | £1.5"% 3
Combined Std. Uncertainty +12.8 % 330
Expanded STD Uncertainty +25.7 %

Table

26.4:

Worst-Case uncertamty budget for DASYd valid for the

frequency range 5 - 6 GHz.

Probe calibration ervor reflects uncertainty of the narrow-bandwidth EX3DV3 probe conversion

factor (50 MHz).

Schimid & Partner Engineering AG., DASY 4 Mannal V4.2, February 2004

26-7

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. : 25IE0245-HO-6

Page : 96 of 96

Issued date : July 07, 2005

FCCID : AKSIRF303
BIBLIOGRAPHY Application Notes

26.7 References

[1] IEEE Stel. 1528-200X., Draft O 1.1 "Recommmended Practice for Determining the Spatial-Pealo
Specific Absorption Rate (SAR) in the Human Body Due to Wireless Commmunications Devices:
Fxperimental Techniques”, Decemnber 2002,

[2] CENELEC EN 50361, "Basic Standard for the measurement of Specific Absorption Rate related
to human exposure to electromagnetic fields from mobile phones™, July 2001,

[3] TEC 62200, Draff D ~Procedure to measure the Specific Absorption Rate (SAR) for hand-held
mobile wireless devices in the frequency range of 300 MHz to 3 GHz", November 2002,

[4] NIST. "Guidelines for evaluating and expressing the uncertainty of NIST measurement ve-
aults". Technical Note 1207 (TN 1297), United States Department of Commerce Technology
Administration, National Institute of Standards and Technology, Gaithershurg, NI, 1994,

[5] NIS 81, "The Treatment of Uncertainty in EMC measurements", Edition 1, NAMAS Executive,
Natiomal Physical Laboratory, Teddington. Middlesex, TWI11 0LW, England, 1994,

Schimid & Partner Engineering AG, DASY 4 Mamal V4.2, Febhruary 2004 26-8

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





