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» Products must show SAR compliance before
commercial shipments.

» Design for Compliance:
> early prediction of SAR characteristics ensures compliance

without time consuming design-test iterations

> early prediction of SAR issues ensures compliance
through cost-effective pre-prototype platform/antenna changes

» SAR compliance limit for occupational environment
8W/kg (general public 1.6 W/kQ)

» SAR is scalable by the transmitted power.
» for a specific frequency with a given platform/antenna

» FDTD is a popular tool for SAR assessment.
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radio SAR *Virtual Testbench” 0
MOTOROLA LABS
Purposes of presentation:

» Demonstrate the practical application of “Virtual
Testbench” to assess SAR during design.

» Testbench is radio-independent
> simply add a different platform and/or antenna

» Testbench is parametric and scalable.

» Dielectric constant and conductivity of human tissue
are set according to IEEE 1528 specifications.

» Current radio is UHF, 403 MHz to 470 MHz.

Florida Research Lab — EME Programs



Wy HFSS? 0

MOTOROLA LABS

» Proven
» Handles low frequencies and 2D structure with ease

» Inherently parametric design environment

> parametric solid models
> optimization and parametric analyses

» Mesh controls available
> surface approximation, aspect ratio

» Analysis setup/control easily modified

» Frequency-dependent maximum average SAR easily
determined throughout entire tissue volume

» One package for both antenna development and SAR
assessment
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SAR calculations using HFSS
MOTOROLA LABS

» |IEEE 1528 Calibration standards were reproduced
using HFSS 9.2. (Matt Commens) for the Dipole and
Phantom Model. Measured data in parenthesis.

Frequency 1g SAR 10g SAR Local SAR at Local SAR at
(MHz) surface (above surface (y=
feedpoint) 2cm offset from
feedpoint)
300 3.06 (3.0) 2.07 (2.0) 4.63 (4.4) 2.20 (2.1)
450 4.98 (4.9) 3.31(3.3) 7.59 (7.2) 3.28 (3.2)
835 9.62 (9.5) 6.26 (6.2) 14.71 (14.1) 4.93 (4.9)
900 10.98 (10.8) 7.02 (6.9) 17.01 (16.4) 5.47 (5.4)
1450 29.83 (29.0) 16.50 (16.0) 53.90 (50.2) 6.54 (6.5)
1800 39.36 (38.1) 20.45 (19.8) 74.39 (69.5) 6.85 (6.8)
1900 40.97 (39.7) 21.21 (20.5) 78.02 (72.1) 6.54 (6.6)
2450 55.42 (52.4) 25.42 (24.0) 115 (104.2) 8.09 (7.7)
3000 65.81 (63.8) 26.48 (25.7) 157.66 (140.2) 8.8 (9.5)
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Dipole and Phantorm Testbench

Absorbing boundary condition

averaging box
Standard dipole Air,volume

. I[EEE 1528 10 g averaging box

Averaging boxes placed
underneath the center of the
dipole, the point with
maximum SA

Flat phantom filled with tissue,
Tissue property varies for different frequency
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Specirying 1g SAR calculation 0

MOTOROLA LABS

Specific Absorption Rate Setting x|

b aterial Density [gramdcm”™2] \1 Set az default |

fazz af Tizzue [gram) \1

----------------------

] Cancel

Averaging 1g SAR in a cube with the volume of 1cm3
A 1cm3 averaging box is used. -
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*Virtual Testbencn” witn a generic rRadio 0

[or SAR prediction in UrE band MOTOROLA LABS

Absorbing boundary condftion
Averaging box, excluded in
the first model in which the
_— point of max average SAR over
=== the volume of the entire flat
T i v phantom is determined. Turned
===

| on during the second pass and
positioned at the point of Max

Flat

phantom, @/

dimension . average SAR.
scalable by v~\
frequency, 8l \

but not the 4 : ==

electrical ‘ Radio with antenna

properties.

Air volume, scalable by
specifying frequency
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Design parameters 0

MOTOROLA LABS

Input frequency information

Ho_outerbraid 10 M

L il Air box size is set.
lowest_freq 400 tHz

max_wavelenth Jed flowest_freq

airboeradius max_wavelenth,3

airboxheight 0.6 max_wavelenth

heowl Dgside 21 54 i Phantom width 0.4 Wavelength
d_phantom 150 i length 0.6 wavelength
w_phantarm 0.4 max_wavelenth /

'F‘HZ::;TDHSH e _ Tuning the length of the antenna
maxzar_z_offzet 10 /

monopole_length 165 i Position of maximum SAR
rnamSaF -38.5 mim

max5aRy 11.05 M

maxSaFz 7,291 mim

Add...
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SAR assessiment Design Flow 0

1
with HrSS pased " Virtyal Tesipencn” MOTOROLA LABS
5
=1{EE] Neo S4R_prediction_model_pla
1. Rapid Interpolating Sweep: =@ ekl <——Consists of two models:
Verify/tune radiation and circuit -6 Boundaries 1. |Low Resolution
behavior of antenna and/or Gyt 2. |High Resolution
platform, max delta-S11=0.05. T2 9 Sener e setorns

ﬁ Sweep]_check_retumloss <
E-fF Setup2_Max_SAR_sweep

o Sweep2_max_sar <
O ptimetrics
2. Accurate Fast Sweep: NS
Saves fields over frequency and O o
volume to determine frequency jjjjj“g e
and location of max-avg-SAR. =@ 2 Resculonmodel - +———

ﬁ’ Boundaries
--@ Ewcitations
[+-B8 Mesh Operatians

3. Highly Accurate Single Frequency: A
Frequency for max-avg-SAR. 1§ Optietics
i i N=Fna Three sweeps
Averaging box placed at location of ra-- Pot Fld Dy P
=-1 = verlays
maX'an'SAR ? F adiation
. B Motes
Reduced delta-S for high accuracy. | wciosme
E]--Im Project3?
Project I
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Design Pnase 1. Lower resolution analysis
j:.'

2
with INTERPOLATING frequency sweep MOTOROLA LABS

> Lower ReSOIUtlon AnaIySIS — Sweep Type — DC Extrapolation O ptian:
> less strict convergence criteria  Deoe [ Erepaicte ot
g " Fast Winimumn Solved Frequency IU-'I IGHz =]
> faster analysis time & Inerpolaing ¥ Sriap Magritude 0 Dr1 at D
> broader frequency range e I—IZ;— oo PO
ax solubiong
» Fields not necessarily saved e
. . . L. ~ Frequency Setup I Frequericy
» circuit behavior verified Tpe  [Crom Cort =]
> radiation behavior may be examined St [0 iz =]| Dissly>s |
for saved fields sep 470 Mz =]
. . Count |29
» Tuning of Radio
> to adjust circuit or radiation response
for platform/antenna combination o | [ e

» to compensate for presence of tissue
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Desighn Pnase 2. Lower resolution analy

2
Y ] — N e -~ . =, 2\ 2 K
witn =FAS T requency sweep MOTOROLA LABS

Solution Setup x|
General Adwanced I Ptz I Defaultsl
X — Initial M ezh Options
—Sweep T — DC Extrapolation Options : : .

p_ y|:. p P ¥ Do Lambda Fefinement

" Disgfete [ Estrapolate to DC
° ID.3333

& Fast Iirrmumm Salved Erequency ID.'I IGHz j Target I Use fres space lambda
" Interpolating V| Shap fagnitude be ion 1 &t DIE

Efrar Tolerance ID-5 % Shappitia) T olerance ID-Ij1 —Adaptive Options

I S alutions |2EI

— Frequency Setup I

. ; : Refinement Per Pazs:
Time Domain Calculatiar... |

kirirnum Humber of Faszes:
Frequency

Type: ILinear Step v| Minirmurn Converged Passes:

T

Start I'M IGHZ [~ Display >> | ™ Use Matrix Convergence E dit 1 atris... |
Stop |u.4? [GHz =]
Step Size |E|,E|1 ||3|-|2 j [ Use Lp@-Order Solution B asis

¥ Save Fields

Ize Defaults |
Ok I Cancel

k. I Cancel
\
Save field

Two consecutive converged passes
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2sign Pnase 3: Figher resolution analysis

With No H‘C—)Cj USnNcy swee MOTOROLA LABS

Solution Setup x| Solution Setup x|

General |.-'1‘-.-:Ivan|:eu:|| Parts I Defaultsl General Advanced | Parts I Defaultsl

— Iritial Mesh Ophans

Solution Frequency: IHDE IMHZ j v Do Lambda Refinement

[ Solve Ports Only Target: ID-3333 [" Use free space lambda

—Adaptive Salutionz

—Adaptive Optionz
b axirnurn Mumber of Pazzes: |2|:I

Refinement Per Pass;

|2|:|
b aimum Delta S Per Pass: ?:'2 Mimirmum Murnber of Passes: |5
|2

Minimum Converged Passes:

Uze Defaulftz [™ Use Matriz Convergence / E dit Matri=. .. |

[ Use Low-Order/5olution Basis

|lze Pefaults

/ ] I Cancel | / ] I Cancel |

Smaller'delta-S Two consecutive/converged passes
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Typical SAR plot

SAR Field[W/kg]
3. BEBZe+BBE
I 2. 7614¢+008 \h‘“*a\/

£, 4546 +8E81

MOTOROLA LABS

-

L1478 e +a0E

1. G418 +888

1. 5341 +864

1. 2273e+888

9. 2852e-BB81

6.1371e-B81

3. B698e 01

9. 2979e-065

\
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Creale a saved expression for SAR 0
~ ! r | (s oy r Ve a r f
using the AFSS Tield calculator MOTOROLA LABS
r~Named Expression: r Context: Meo_single_band_whipd
Name | Expression & Solution: ISetup1:Last.i\daptive j
H H a a aze(S = 450MHz -
1. Click on Quantity and choose ——— | :Ddeg H
Ave rageSAR Mag_Jval MaglAtPhase(Sm b al
1| [

Change Variable Valugs... |
4 Add . | Copy to stack |

2. Click on Geometry and select
tissue, or any other volume you
would like to have your SAR
calculated then click OK.

Pp | AUp [ RDn | Eeh | Ok [ Undo |
General Scalar Wector Output
3. Click Maximum and choose value. : w o) s
Geomelry... - Matl.. | Eval |
Constant ¥ Mag | Wiite... |
Mumber... / Dot | Export... |
. ' Function... Neg G |
4. Click add and assign a T |
3 140
name to it, e.g. maxsar Srcat 0|
Complex ¥ i Tangent |
MMBH Narmal |
3 Unityec ¥ |
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)'r‘.r o o)
Creaie ar

| QUEPUT

NOTE:

Calculated SAR is normalized to
1W. Must scale the SAR to actual
power and adjust for duty cycle.

D. Edit expression

varl

— Dutput Wariables

a0le

‘/‘-J

a for SAR

Output Yariables

MOTOROLA LABS

M arne

I E spresszion

R

ol

i

gamm
b anSAR swp

maxsaryesp

0

maxear

Farsweep

Cal1gSAR5W=maxsar*5*0.5
(5 W power and 50% duty cycle)

A. Select Fields \

B. Calculatt

Bepart
Type:

M arme: ICEIHEIS-"*F‘EM Add Update I Delete |
. |maxzarh*0.5 .
pprEssen E. Insert expression
r— Calculation

Inzert Quantity [nta Expression |

Deszign: |

Cateqgory: Quantity: Functian:
j Yariables tag_H =] -
Cutput Y ariables tag_Jwal abz
- C | Complextag E acoz
I Fields j Complextdag_H acozh
» Complextag_Jwval asin
I - Local_SAR asinh
Solution: ISetupZ_Mar:_S.-’-‘-.F!_sweep J fverags SAR e
Surface Lozs_Density atanh
Volume Lozs Dengit cos
. cosh
ed Expression™ [ & -

— Function

Iabs

=

Inzert Function |

Terminations [ohms]

L

Done |
Set Terminations.. |
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Desighn Stage 2: Plotiing Max Ce

Assure the fast frequency
sweep is selected.

NOTE:

I

!

1g SAR

Traces

X |

Y

| Y-axis'

=0l

Add BlankTrace |
Femaove Trace |
Fremove &l Traces |
— Context Sweens | Y
Design: |1 Low rezolution modsl "I
Categany: Quartity: Functian:
Salution: |Setup?_Max_SAR_sweer C
Ep: Lastidaptive a Qutput Yariables callgSaREw ahs
Diamair: Ep - Adaptive_1 5 Parameter gamm acos
Ep: Adaptive_? ' Parameter MaxSaRswp acnsh
Ep: Adaptive_3 Z Parameter MaKIaMEED asin
Ep: Adaptive_4 YEWR sarmweep asinh
———+n: Adaptive_5 Gamma atan
Ep: Adaptive B Part Zo atanh
Ep: Adaptive_7 g
Ep : Adaptive 8 cash
=p; Sweep? Max §a dB10
dB20
Even
E4p
int
i
! =
- St Teminations. . |
Output Varniables... |
maxzard .5 fdd Trace | Feplace Trace |

Aoply

| Done I Canicel |

MOTOROLA LABS

HFSS automatically computes the field calculator saved expression and plots the
corresponding output variable as a function of frequency.
These computations may be time consuming so specify a reasonable number
of frequencies (=10, not =100).
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Desighn Stage 2: Plot of Max 1g SAR

Scaled © 4 W MOTOROLA LABS
1=
callgSARLWY
1 Low resolution model
6.20
6.00
= 5.80
&
o
0
1]
E 5.60
5.40
400.00 410.00 420,00 430.00 440.00 450.00 460.00 470.00
Freq [MHz]
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Fields Calculator

[age 2: Oblain Max Average

—MNamed Expression r~ Context : 2 High Resalution model

Name | Emsme Solution: Isar_at_worst: Lasthdaptivi j
Mag_E tdagitPhase(Sr Delete | Freq IU.43EGH2 j
Mag_H tdagltPhase(Smr . IDdeg
Mag_Jwval MagltPhase(Sm S
1| | Wi

Change Variable Valugs... |
Add . | Copy to stack |

ol Volurne] averaging_bos)
Scl: AverageSAR

Push | Pop | AUp | RDn | Eeh | Ok | Undo |
IripLit General Scalar Yector Output
Quartity ¥ + I Yec? ¥ | Scal? ¥ | Yalue |
| Geomety... | | 14 | Matl.. | Eval |
Constant_ ¥ I Pow | Mag | Wiite... |
% / I | Dat | Expart... |

ﬂ Heq I | Cross |
eom Seltngs.| s | | Divg |
Smaooth I | Cul |
Complex ¥ I | Tangent |

Unityec ¥ |

Dane |

Florida Research Lab — EME Programs
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Fields Calculator

SAR

MOTOROLA LABS

r~ Context : 2 High Resolution model

r— Mamed E xpression

Name | Expression & Solution: Isar_at_worst: Last.i\daptiwj
Mag_E tdagitPhase(Sr ﬁl Freq I 0.435GHz j
tag H taglAtPhase(Sm Phase Igdeg
Mag_Jwval MagltPhase(Sm S
« | _>|J

Change Variable Valugs... |

Yec: <0025, 0.012,0.01>
Prit: MaxPos(volume(averaging_bow], AverageSaR)

™ averaging

Used to
position the

box

Push | Pop | AU | RO | Eeh [[ Ok | Undo |
Input General Scalar Wector Output
Quartity ¥ + I Yec? ¥ | Scal? ¥ | Yalue |
| Geomety... | | 14 | Matl.. | Eval |
Constant_ ¥ I Pow | Mag | Wiite... |
% / I \{_ | Dat | Expart... |

__ Funetion... | Neq I Tig ¥ | Cross |
Geom Settings... Sbs I T | Divg |

Smoath I I | Cul |
Complex ¥ I Mn ¥ | Tangent |
Domain I Max ¥ | MNarmal |
\vi | Unitvee ¥ |
Ln |
Log




Desigh Stage 3. Add the averaging nox 0

(0 ne nigh resolution design setup MOTOROLA LABS
Create the high resolution model by duplicating the low resolution model and

turned on the averaging box. Analyzing at the worst case frequency found

earlier.

Properties: Neo_SAR_prediction_model_p1a - Z High Resolution model - 30 Modeler ﬂ
Aittribute
Mame Walue Uit D escription Read-anly
Mame averaging_bos
Orientation Global

Dizplay YWireframe |_

- |Colr Ed |
Transparent 032 |

[~ Show Hidden

ak. Cancel
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2sign S ‘ Extra;' ine Maxirmumn

[zl
Average S

ge
AR

r 1 —~ (e~ e
In tne tissue volurme MOTOROLA LABS
r~Named Expression: r~ Context : 2 High Resolution model
Name | Emsme Solution: Isar_at_worst:Last.i\daptiw j
Mag_E tdagitPhase(Sr Del Freq 0.435GHz j
Mag_H M aglttPhase] ?BBtB-J_ _—Ph?. (deg
The worst case frequency, Maglmphaseﬁ_lu Cer 1
. . il B
aS determlned In Stage 2_ Change Yariahle ¥alues. . |
Add . | Copy to stack |
Sqy 3.07721940992402
ol Mawimurnfvolurnelaveraging_bos), AverageSAR)
The Max Average SAR,
calculation shown prewously. Push | Pop | AUp | RDn | Eeh | Ok | Undo |
Input General Scalar Wector Output
Quartity ¥ + I Yer? ¥ | Scal? | Yalue |
Geometry. | | Mal. | Bl |
Constant_ ¥ I Pow | Mag | Wiite... |
% / I \{_ | Dat | Expart... |
Fun& Neq I Tig ¥ | Cross |
Geom Settings... Sbs I T | Divg |
Smaoth I I | Curl |
Complex ¥ I Min ¥ | Tangent |
Darmain I Max ¥ I Marmal |
57 | Unities ¥ |
Ln |
Log
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[echnology Transter 0

MOTOROLA LABS

» The “Virtual Testbench” and companion design flow
were verified with a generic radio and then passed to
the Product Development group.

» The Antenna was replaced with a monopole of
Interest.

» The radio platform was replaced with the actual
chassis, including the front housing.
> solid model was imported to HFSS from Pro/E.
> solid model was simplified
> surface approximation was used to simplify the mesh.

» The antenna went through a few iterations of design
change before finalization.

Florida Research Lab — EME Programs



JHEF Radio Solid Model in H

7
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g ’.r al‘
Slrrelce

n\

Project Manager

(%]

= SAR_UHF_GPS_Fronthousing_1gm_SAR®
= @ Meo UHF_GPS_fronthousing_SAF_1gm
& Model
+-IF Boundaries
+- 8} Excitations
—-BB Mesh Dperations

BB Surftppros?
BE bread
a
|- Enalysis
+ - JF Accurate_Sweep
- J Fast_Sweep Efield
e Fast_sweep
|- JF Grozs_Sweep
]& Interpolating_Sweep
ﬁ Optirmetnics
+- Results
+ Part Field Display
¥ rﬁ Field Owverlays
';' R adiation
= @ Meo_IHF_GPS_fronthouzing_S4&R_Taml
& Model

—

BE Aircylinder ]
B Surftpprox
BB Surftppros?

Project

pproximaltion ror cylindrical paris

1

MOTOROLA LABS

All cylindrical parts were
assigned maximum of 45

1~ degree deviation angle as

circular surface
approximation.
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Design Stage 1. Return loss of Ur]r
Monopole Antenna (Interpolating sweep) MOTOROLA LABS

A

W ——

Neo_UHF_GFS_frorthousing_SAR_1gm ST e T

-2.00
- 300
=
= /
=1
5
=]
-l
T Em
=]
5
=
=
-
[==]
= -3.00
-10.00
400.00 410.00 420.00 430.00 440.00 450.00 460,00 470.00

Freq [MHz]
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Design

stage 2:

rReturn loss

Monopole Anienna (fast swe

of UrlF

MOTOROLA LABS

MNeo_UHF_GPS5_fronthousing_5AR_1gm

-5.00
- -B.00
=
t
=]
£
=
-

E oo
=]
£
=
=
ek
[==]
T zoo

fRncane=cs

-3.00

/

400.

oo 405.00

410.00 415.00
Freq [MHz]

420,

oo

425.00

43000

A e
dB{S(LumpPartt, Lur
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Design Stage 2: Frequ

—

May Average 1g SAR

[l

(L
(P
=
Q.
(P
=

cy-dep

Scaled to 4.7 W with 50% duty cycle

@

MOTOROLA LABS

MNeo_UHF_GPS5_fronthousing_5AR_1gm

4.20

o Ry \
.E’I S.EIIII- \
: \
£ e Frequency of

worst-case SAR
=240
220
400.00 405.00 440.00 445.00 420.00 42500 4:20.00
Freq [MHz]

A e
Actual_SAR_1g
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Q
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C
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=
Q
(=
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©
Q
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Fields Calculator,

Mamed E=prezsions

M ame | Expression
tag_E t aglatPhasze(Sn
kag H t aglatPhasze(Sn E—
b ag_Jwal t aglatPhasze(Sn w!|  Clear i
£ »
ddd

Context : Meo IUHF_GPS_fronthousing_
Solution: | Fast_Sweep_Efeld : Fast_

Freq | 405MHz

Phase |D':IEEI

Change Wariable Walues. .

Yec : <-0.0385, 0.01105883142300 751, 0.007331 42039364502

Prit : M axPosolumeltizsue], Average5SAR)

Florida Research Lab — EME Programs

—_—

maxzar_z_offzet

monopale_length
rnamSaF
max5aRy
maxSaFz

Add...

10
165
-38.5
11.05
7,391

MOTOROLA LABS




. Duplicaie FHr

Project Manager

£y

=)

1))

£

= SAR_UHF_GPS_Fronthousing_1gm_SAR®
= @ Meo UHF_GPS_fronthousing_SAF_1gm

D

V)

(G

(L

MOTOROLA LABS

<

& Model
+-IF Boundaries
+- 8} Excitations
+ BB Mesh Dperations
+-fF Analysis
ﬁ Optirnetrics
+ = Results
+-[T] Part Field Dizplay
+ rﬁ Figld Overlays

';' R adiation

d

<

= @ Meo UHF_GPS_fronthouzing_SAR_1gm1

& Model

+-[F Boundaries

+- B} Excitations

+ B8 Mesh Dperations

- Analysis

S Accurate_Sweep

ﬁ Optirnetrics
= Resuls

+-[T] Part Field Dizplay
rﬁ Figld Overlays

';' R adiation

¥ D Definitions

Project

Florida Research Lab — EME Programs

Low resolution model

High resolution model



Design Stage 3: UHF Radio with 0
_SAR averaging box MOTOROLA LABS

g box
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Stage 3. Hign resolution

elf] E'_]YSJS > ClUiD MOTOROLA LABS

[g| Solution Setup [g|

General l.-'-"-.dvanced] Farts ] Defaults] General Advanced l Farts ] Defaults]

Solution Setup

Initial Mesh Options

Solution Frequency: |GH2 j v Do Lambda Befinerment
[ Salve Ports Orily Tanget: |0.3333 [ Use free space lambda

Adaptive Solutionz

bl awirmurm Mumber of Pazses: 3
20
Mavimum Delta 5 Per Pass: 0.0z Minimum Mumber of Paszes: 1
3

Adaptive Optionz

Refinement Per Pazs:

inimum Converged Pazszes:

Jze Defaultz [ Usze Matriz Convergence |

[ Use Low-Order Saolution B asiz

Ize Defaulkz
| k. | Cancel | k. | Cancel
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Two consecutive converged passes 0

MOTOROLA LABS

02 Wow 2004 anmftCorporaion 0d:04:03
L= =
0.20
I I I | r—
| | | | prec
I I I I
0.80
= NIl
B
E
o 0.40
5
: | | | |
I I I I
0.20

IJIJD_—,—,—,—_ | I—— | — — —

Farnc Humber

[/
Two passes with max delta S11 of < 0.02
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Design Stage 3: UHF Radio high resolution 0
_SAR alt worst case frequency MOTOROLA LABS
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Desigh Stage 3: Final wors
Mmeay=avg=-sAr

MOTOROLA LABS

Fields Calculator

Named Exprezsions Contexst : Heo UHF_GPS_fronthousing_SAR_
Mams | Expression & Solution: |.-i'-.|:curate_5 Weep : Lastﬁ.d.ﬂ
kag_E MaglatPhase(Sr Freq | 405MHz ﬂ
kag_H MaglitPhaze(Sn Phase |I:I|:|eg
kag_Jwvol b aglatPhase(S v Clear Al
£ [ >

Change “ariable Y alues. . |

Add |

Scl: 1.6RBR3TE9416ER3
Scl: Masimumolume(averaging_bos_T1gm). Average5aR]

Actual SAR
1.6685 x 4.7 W X 50% = 3.921 W/kg

Fush | Pop | Rllp | RIDn | Exch | Clear | Unda |

[ pLit General Scalar Wechar CQutput
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HFSS SAR Precitions Compared to 0
MAR MOTOROLA LABS

SAR of the 165 mm monopole

6

5

4
N
T
E 3 ¢ Measured 1g SAR
= —=— Simulated 1g SAR
(&)
L

380 430 480
SAR W/kg
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MOTOROLA LABS

& Solution Data; SAR_UHF_GPS_Fronthousing_1gm_SAR - Neo_ UHF_GPS_frontho... [= |[B][X]

D ezign W anation: |pitu:h_?='2mm' pitch_8="2mm" w_phantom="0.3' J
Simulation: |.ﬁ.ccurate_5weepj | J J

Convergence  Profile l b atri Data]

Tazk | Real Time | CPU Time | kd oy | |nformation L
Adaptive Pasz B Frequency: 0.405 GHz
mezh3d_adapt 00:03:38 00:03:35 287180 K 178447 tetrahedra
LurmpPort1_golve 00:00:01 00:00:00 JREES K 26 triangles
adapt_part1 Q0:01:27 000126 REOERZ K, 178447 tetrahedra
Solver C55 0333:43 033312 1208316 K 870330 matrix
Digk 140 temp Q00000 00 00; 00 0k 287179 E,
adapt_part2 00:00:33 00:00: 30 308704 K 175447 tetrabedra

R e, Adaptive Pazses converged
Total ". 052315 pEﬂE:d? Tirme: 11/03/2004 032757, Statuz: Momal Corr
Yaapunns?®
L
< b3
Export...

5 hours for the high resolution analysis
reduced dramatically by new 64-bit dual processor and/or dual core CPUs
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Conclusions 0

MOTOROLA LABS

» Demonstrated successful application of a
“Virtual Testbench” and associated design flow
for pre-prototype SAR assessment.

> demonstrated for actual radio platform and antenna
> verified with SAR measurements

» Testbench is radio-independent.
> design flow and platform/antenna re-use is enabled

» Testbench enables rapid monitoring of changes

In SAR compliance as the radio is changed.

> enables SAR compliance to be considered and tracked
throughout initial product design for early design tradeoffs

> enables proposed changes to existing radios to be quickly
characterized within individual product groups
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