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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]
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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.
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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%.
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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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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]
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



