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Appendix D. Probe Calibration Data

Miniature Isotropic RF Probe
S/N: 3602
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Glossary:

TSL lissuz sirmulating liguid

NORMx Y,z sensitivity in free space

Sonvl sensitivity in TEL / NORM:x v,z

DCR dinde corrprasgion point

Molarizacion o @ refatien arcund probo axis

Polarizasion { o rotation around an axis that is in the plane normal to probe axis (at

measurcment conter, .o, 8 - Qs normal to probe axies

Calibration is Performed According to the Following Standards:

a} IEEE Std 15228-2003, “IEE= Recommendad Practice for Nelermiring the Paak Spatial-
Averagard Specific Abscrption Rate (SAR) in the Human Head frem Wireless
Communizatiors Devices: Measuremen! Technigues”®, December 2003

k} IEC 52209-1, "Pracedure to measure tha Specifc Abscrption Rate [SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz tc 3 GHz)",
Fabruary 2005

Methods Applied and Interpretation of Parameters:
+ NORMx, v z: Assessed for E-field polarization 8 = 0 {f < 830 MHz in TEM-cel; f = 18C0 MHz:
F22 waveguide). NORMx,y,z arg anly intermediate va ues, 1e., the uncertainties cf
NORMz,v.Z does not etect the E5-1eid uncertainty ins de TSL [see below Conve),

+  NORMFx v,z = NORMz v,z * frequency response [see Freguency Response Chart). This
linearization is implemented in DASY4 software versions latzr than 4.2, The uncertainty of
tie frequency resporse is included in the stated unserainty of CormvfF,

e CCPx.y,z. DCP arz rumearical linearization pa-ameters assessad based on the daza of
power sweep {no uncerainty required}, DCP dees not depend on frequency nor mecia.

v ConvF ared Ronndary Effect Paramefers Assessed in fla: phantom using E-field {or
Tarrperatire Transfer Standard for f < 830 MHz) and ins de waveguide using analytizal field
dstibLtions based on power measuremants for = 800 MHz. The sarme setups are used for
assessment of the parametars zpplied for boundary comoaensation (alpha, depth) of whch
typical uncertainty values are given, These parameters are used in DASY4 zoftware to
improve probe acouracy close to the bouncary. The sensitivity in TSL correspands t¢
NORMx, v,z * Con/Fwrereby the uncertairty sorrespands to that given for ConvF A
freqiency dependzn: ConvFis used in DASY version 4.£ and higher which allows extending
the walidity from £ 50 MHz to = 10C MHz.

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

o Sensor Offset: The sansor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). Ne tolerance recutred

Cendificate Mo: EX3-3602_May0d Page 2 of &
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Probe EX3DV4
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Calibrated: May 20, 2009

Calibrated for DASY Systems

(Mule. nun-unpalibbe with DASYE systern

Cartificate Mo EX3.3602 Mayid Page 2 of O



EX3DV4 SN:3602 May 20, 2009

DASY - Parameters of Probe: EX3DV4 SN:3602

Sens tivity in Free Space™ Diode Campression®
NarriX 0.41 £100%  VIYIm)* JCP X 87 my
NoreY 040 & 10.°%  pVImY 0P Y g9 my
NuIIZ 0.52 £10.%  pWvim) DCr 2 89 mv

Sensitivity in TissJac Simulating Licuid {Converzicn Sactors)

Please spa Page 8.

Boundary Etfect

TSL 200 MHz Typical BAR grad ent: 5% per mm
Sen=ar Centor 1o Fhantam Surface Cistanze 20mm  J.0mm
SAR. U] Witheut Sorectior Algorithm 18,2 6.1
SAR Y] With Cerection Algorthm x4 [

TEL 1810 MH= Typical EAR gradignt: 10 7% per mm
Sensar Center ;o Phantomn Surface Distance 2.0mm 3.0 mm
SAR, [ Without Correctiar Adgarithm G £.49
SAR, [%] With Correction Algarthm 0.5 L

sensor Oifset

Fralze Tip to Sensar Centar 1.0 mim

Tha reported unesrtainty of measurement i statad as the standard uncertainty of
measnrement multipliad by the coverags factor k=2, which for a narmal distribution
corresponds to a coverage probability of approximataly 5%,

1 o unearlsimtiss af Momig,™ 7 do nal afect be E-field uicerainly inside TSI (ses Paga &

* Murme cal Incavization paramster; uncenainty nal raguirai.

Gerificas ha: EX32602 Maydd Page 4 of §



EASDV4 SN:3602 May 20, 2009

Frequency Response of E-Field

{TEM-Cell:ifi110 EXX, Waveguide: R22)

— e —_—
L i n

-
Fa

b
-
]

Frecuency response imormalized)
o R
o o L=

L2}

=
=]

=
m

=
wh

3 5C0 1000 “H00 2000 2500 3000
f [MHz]

—a—TEM —&—R12

Uneertainty of Frequancy Response of E-field: + 6.3% (k=2)

Cartificate Mo: EA3-3802_May08 Fage & of



EX3DV4 SN:3602 May 20, 2009

Receiving Pattern (§), 9 = 0°

f=600 MHz. TEM ifi110EXX f = 1800 MHz, WG R22
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Uncertainty of Axial Isotropy Assessment: * 0.3% (k=2}

Certificatle No: EX2-3802_May02 Page & of 8



EX3DV4 SN:3602 May 20, 2009

Dynamic Range f(SARc.q4)
(Waveguide R22, f= 1800 MHz)
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Uncertainty of Linearity Assessmant: + 0 6% (k=2)
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f [WIH7]

Conversion Factor Assessment

Valldity [MHz]® TSI Permiltivity  Conductivity  Alpha Dapth GConvF Uncertainty

833

200

1
1950
2450
2800
asan
H2a0
5300
asal
aa00
8840

a N3]
AL
1510
149510
2440
00
G
S200
oane
500
5600
£aon

+ 504 £ 4500 Head 41.3+5% 090 =0% 058 kT 14 = 11.0% (k-2
+ M) £ 00 Head 415+5% 087 -5% 0.8% &5 B.86 = 11.0% th=2)
+ &4+ N0 Head 4000+ 5% 140 =5% 04 055 781 = 11.0% (k=2)
+ 5l F & 00 Head 400 1 5% 140 = 5% 1G4 t. (i T = 1100 (k=E)
+ 50+ 400 Hzad 352 :+5%  1.80=5% B45 070 TA0 - 11.0% (=2}
+ 50/ + 300 Head 340+5%  188-50% 41 77 FAO = 11.0% (k=2)
250740 100 [lzad 372 L15%W 291 _5% a2 1.0¢ .28 - 1545 (l=2)
+ 50/ + 100 Fead 380+5% 4468=0% nd4i  1.75 479 - 131% (k=2}
* 50+ 100 Head 3559+5% 475-5% 043 1.75 4.4% = 15.1% (k=2
1RO/ 100 Head 358 £5% 406 = 6% ged 176 AAd ¢ 134% (k3]
+ 604+ 100 Head 3d55+5% S0 -a% LA 1./% 4.4 = 14.7% (k=2
+ 30/ £ 100 Head 353+5% 527 -8% 02 178 421 - 15.1% (k=2;
£ 450+ 100 Sody Dh2 0% 087 -5% 0Fd DB 9% -1 0% k=2
+ A0+ 100 Sady  BRO+ A% 105 = 5% 085 074 BAF =17 0% (k=2
Aty 100 Samfy RA3 5% 1.32 = 5% 070 0,65 TET =17 0% (k-2
+ 50+ 100 Sody 533 :8% 152=5% 048 078 780 =1 .05 k=2
+ 8004+ 100 Sody 527 +8% 1.85:+5% 042 079 6.590 =1 .0% (k=2
+ 50711040 dody BEALSW 2OAGLEY 028 123 581 = 17005 {k=2}
+ 5074100 Body B51.325% 331 +5% 035 122 575 = 13.1% {k=2°
302 100 Buody 40015%  53+5% 050 180 443 = 15.1% {k=2]
150510100 Cody 485 4 5% 5,42 £ 5% .52 1.80 4.23 3% (k2
50,/ 100 Brady 4861 5%  5ES+ 5% 053 1.8 4.8 = 13.74% (k=2
+ 50 /2100 Body 4851435% 477 x5% 055 1.8 385 £151% (k=2
& &0 = 100 Body AH32 4 59 5.0 £ E% 081 1.80 .00 £ 13.1% (k=2

? Theval dity of 2 100 MFz only applies tor DASY vd4.1 and higher [sea Fege 2). | he vncaalnty 15 the RS
of the ConvF uncerlainty at calibrotion froquoney and the useortalinby Forthe indicatsd frequaney bond.

Carifoale Mo EX3-3602_Mayod Paga Pl ofd
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Deviation from Isotropy in HSL
Error {, 3), f =900 MHz

Error [dB]

R s e i e o S ek
(- o0--aal B-psd--rE0 B 050040 B-040--0,20 0 -0.20-0.30

|IJL'I.1.I[H.I.'¢'LE' O AL LR AL-DEE I D=L =10

Uncertainty of Spherizal Isotropy Assessment: £ 2.6% (h=2)

Carfificata Mo EX3-3602_Mav0d Page Jofd
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Appendix E. Dipole Calibration

Validation Dipole 2450 MHz
M/N: ALS-D-2450-S-2
S/N: QTK-319



NCL CALIBRATION LABORATORIES

Calibration File No: DC-891

CERTIFICATE OF CALIBRATION

It is certified that the equipment identified below has been calibrated in the
NCL CALIBRATION LABORATORIES by qualified personnel following recognized
procedures and using transfer standards traceable to NRC/NIST.

Quietek Validation Dipole

Manufacturer: APREL Laboratories
Part number: ALS-D-2450-S-2
Frequency: 2.45 GHz
Serial No: QTK-319

Customer: Quietek

Project Number: QTKB-Dipole-CAL-5336
Calibrated: 9" May 2008
Released on: 9" May 2008

l‘.
This Calibration Certificate is Inoompleie Linkess L)ﬁrp'uni P wilh The Calbration Resulls Summary
b :

Released By: AN A

NQL CALIBRATION LABORATORIES

51 SPECTRUM WAY Division of APREL Lab.
NEPEAN, ONTARIO TEL: (613) 820-4988
CANADA K2R 1E6 FAX: (613) 820-4161




NCL Calibration Laboratories
Division of APREL Laboratories.

Calibration Results Summary

The following results relate the Calibrated Dipole and should be used as a quick
reference for the user.

Mechanical Dimensions

Length: 53.5 mm
Height: 30.4 mm

Electrical Specification

SWR: 1.19U
Return Loss: -20.8 dB
Impedance: 494

System Validation Results

Frequency | 1 Gram | 10 Gram | Peak
245 GHz | 48.07 25.65 95.6

This page has been reviewed for content and attested to by signature within this document. 2



NCL Calibration Laboratories
Division of APREL Laboratories.

Conditions
Dipole 319 is a recalibration.

Ambient Temperature of the Laboratory: 22°C +/-05 C
Temperature of the Tissue: 21°C+/-05C

References

SSI-TP-018-ALSAS Dipole Calibration Procedure

SSI-TP-016 Tissue Calibration Procedure

IEEE 1528 “Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Body Due to Wireless
Communications Devices: Experimental Techniques”

IEC 62209 “Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and
procedures —Part 1 & Part 2: Procedure to determine the specific absorption rate
(SAR) for mobile wireless communication devices used in close proximity to the
human body (frequency range of 30 MHz to 6 GHz)

We the undersigned attest that to the best of our knowledge the calibration of this
device has been accurately conducted and that all information contained within this
report has been reviewed for accuracy.

.l'n| o L
i/ \

" z\ r‘. |
| ¥ I 3 I|

[}
Iﬂ

e :qa:'fﬂlu | ‘h"\;\l‘:‘-’%ﬂi , .:

Stuart Nicur*

F o A
il -:"‘ﬁ"" -.ﬂr_j_

C. Teodorian

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Dipole Calibration Results

Mechanical Verification

IEEE Length | IEEE Height Measured Measured
Length Height

51.5 mm 30.4 mm 53.5 mm 30.4 mm

Tissue Validation

Head Tissue 2450 MHz | Measured

Dielectric constant, € 40.1

Conductivity, 6[S/m] 1.78

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Electrical Calibration

Test Result
S11 R/L -20.8dB
SWR 1.2 U
Impedance 49.4

The Following Graphs are the results as displayed on the Vector Network Analyzer.

S11 Parameter Return Loss

21l FORWARD REFLECTION

LOG MAGHITUDE »REF=-23.000 db 2.8688 dBsDIY

1.599292 GHz J.BARAAA

CH 1 - 511
REFEREYCE PLAME
A.AA08 mm

MARKER 1
2.4923846 GHz
-28.796 db

MARKER TO HAX
BHMARKER TO HMIN

MAREER READUL |
FUNCTIIHS

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

SWR

311 FORWARD RZFLECTION

MR pREF=000.FAA nl 1.a@a U/pIy

1.689929¢2 iHz J.BBBA3A

CH1 - &11
REFEREMCE FLAME
A.BAFA mm

MARKER 1
2.438E46 GHz
1.199 U

MARKER TO MAA
BHARKFR TN MTH

MARKER FEADOUT
FUMCTIORS

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

Smith Chart Dipole Impedance

$11 FORMARD REFLECTION i , ,
IHPEDANCE L 1 - 3ll

REFEREYCE PLANE

.- > B.AARA mm

//’{ij 3 HARKER 1

X// % 8 2.451046 GHz

49,365 0

/ - i -9.232 ju

\ 2 MARKER TO HAY

\\\jgh ; »MARKER TO HIN

(= '\.
................. 2 l. ‘ ] 5 o
P - l’

x o
\ A=

-
. -2
= MARKER READOUT

-1
L.699252 - 3.000809 GHz FINCTTINR

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories

Division of APREL Laboratories.

System Validation Results Using the Electrically Calibrated Dipole

Frequency | 1 Gram | 10 Gram Ao PFeal;P »
245 GHz | 48.07 25.65 95.6
T
EuREAR:

This page has been reviewed for content and attested to by signature within this document.



NCL Calibration Laboratories
Division of APREL Laboratories.

Test Equipment
The test equipment used during Probe Calibration, manufacturer, model number

and, current calibration status are listed and located on the main APREL server
R:\NCL\Calibration Equipment\Instrument List May 2008.

This page has been reviewed for content and attested to by signature within this document.
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Appendix E. Dipole Calibration

Validation Dipole 3-6 GHz
M/N: D5GHzV2
S/N: 1041
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LTI

Tha Swies Accreditation Service is one of the signatorias to the EA
Multilataral Agraemant for the racognition of calibration certificates

Clisnt

Dtject

Calibration procedurals)

Calin-ation date

Condition nf ihe calibrated item

Schwaizarischar Kalikrlerdlenst
Service suisse datalonnage
Servizio evizzero i taratura
Swiss Calibration Service

Th s callbration certiicate documants the tranerhbilig 10 national standa-ds. which realize the physical units of measurements (S1k
Thz measJremanis and the uncertainties with sonlidence pobability are clven on the follpwing pages and are part of the cerificats,

&l callrafions have been conductad in the closed [akoratory fazility: ervironment temparatura (22 + 33°C and humidity = T0%,

Calibration Equipmant ueed [MATE eritical for callbration)

Metwork Analyzer HF 8753E | US3TIN05E5 54206

Calitnabed by

Appraved oy

Thia calibration cerificate shall not be reproduced cxocpt in full without wiritten approval of the laboratory.

18001 {In howse check Oct-08)

Primary Standards D # Cal Date (Certificals MNo.) Scheduled Calibratlon
Foner meter EPM-425 GEITAB0TO4 08-Oct=05 (Mo, 217-00828] Oet-08

Power sersar HP 84814 WS3T202703 O8-0ct-08 (Mo, 217-00895; Cret-04

Refarance 20 48 Attenuator SN SO8E (0g) A1-Ma-09 (Mo, 217-01025) Mar-10

Type-N mismatzh comblnation SM; 50472 ) G327 31-Ma-08 {No. 217-01029 Mar-10

Reference Probe EX30DWVE SM; 3503 11-Ma—04 {Ma. EX5-3503_MarCD) Mar-14d

DAE4 S B0 O7-Mar8 (Ma. DAS4-601_Mardg) Mar-10

Secondary Standards D E Check Date (in house) Scheduled Check
Power sensor HP 84214 MY A10E23T 18002 {im house chack Det-07) In house check: Oct-04
RF generstor R&S SMT-LE 100005 4-Aug-88 {In house check Go-07) I s chiscke Oot-08

I hewise check: Col-09

lssued; May 26, 2008

Certificate No: D3GH2V2-1041_May(d
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Calibration Laboratory of
Schmid & Partner

Engingering AG
Zeughausstrazse 43, 8004 Zurich, Switzerland

Schwalzerischer Hallbrierdisnst
Service sulzss d'étalonnage
Sarvizio svizzera di taratura
Swiss Galibration Service

Accrudited by the Swiss Accraditation Service {SAS) Accreditation No.. SCS 108
The Swiss Accraditation Service is ona of the signatories to the EA
Multilateral Agreement for the recognition of eallbration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NCRM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC 5td 62209 Part 2, “Evaluation of Human Exposure to Radio Frequency Fields from
Handheld and Body-Mounted Wireless Communication Devices in the Frequency Range
of 30 MHz to 6 GHz: Human models, Instrumentation, and Procedures”; Part 2:
“Procedure to determine the Specific Absorption Rate (SAR) for including accessories and
multiple transmitters”, Draft Version 0.9, December 2004

b} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Infermation for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
¢y DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
e Measurement Conditions: Further delails are available from the Validation Report at the
end of the certificate. All figures stated in the certificate are valid at the frequency
indicated.

= Antenna Parameters with TS1: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Retum Loss: These parameters are measured with the dipols
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA cannecter to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

« SAR measurad: SAR measured at the stated antenna input power.

e SAR normafized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

= 3AR for nominatl TSL parameters: The measured TSL parameters are used to calculate
the nominal SAR result.

Carificate No: DSGHZV2-1041_May(3 Fage 2 of 1£



Measurement Conditlohs

DASY systemn corflguration, as far as nel given on page 1.

DASY Verslon DASYS V&0
Extrapalation Advancec Extrapclation
Phantom Modular Flat Phantom ¥5.0
Distance Dipols Cenier - TSL 10 rrim wilh Epacar
Area Scan resolution dx, dy =10 mm
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 2.5 mm
5200 MHz + 1 MHz
Frequency 5800 MHz £ 1 MH=z
5800 MHz + 1 MH~
Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.
Temparature Parmittivity Canductivity
Nominal Head TSL parameters £22.0°C 36.0 4 .66 mho/m
Measured Head TSL parameters (22020.2°C 349£6% 4 45 mhofim + 6 %
Head T5L temperature during text 220200 °C — —_—
SAR result with Head TSL at 5200 MHz
SAR avc;:-.a;éed over 1 cm’ {1 g} of Head TSL condition
SAR measurad 100 mW input power FrZ2mWig
S5AR nomallzed nonmzlized to 1W FT2mWig

SAR fo- nominal Head TSL parameters

nommalized to W

T6.7 mW [ g £19.0 % {k=2)

SAR measured

SAR averaged over 10 cmi’ {10 g} of Head TSL condition
100 my input power 21T mWig
nommalized to 1YY 217 Wi g

SAR for nominal Head TSL paramaters '

nommalizad ta 1%

1.5 mW g £19.5 % {k=2)

' Correction to nominal TSL parameters aceording to o), chapter "SAR Sensitidies

Certificate No: DSGHzY2-1041_May08
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Head TSL parameters at 3500 MHz

The following parameters anc caloulations were applied,

Temperature FPermittlvity Corductlvity

Nominal Head TSL paramaters 220°C 358 4,86 mhaim
Measurad Head TSL parameters (22.010.21°C M316% 475 mhofm £ 6 %
Head TSL temperature during test (22002170 — -——

SAR result with Head TSL at 5300 MHz
SAR averaged aver 1 l.‘.mé {1 g} of Head TSL condition
SAR measured 100 mW input power E2amW.ig
SAR normalized nonmalized o 1W 82.3mW /g

SAR for nominal Head TSL parameters '

normalized o 18

g1.e mW/ g 1199 % {k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condilion

SAR measured

100 M input powsar

Z30mW i g

SAR normalized

nomalized @1

23.0m g

SAR “or naminal Head TSL paramaters !

notmalzed o 10

2EmW/ g 1956 % (k=2)

Head TSL paramseters at 5800 MHz

The following parametars and salaulgtlons were apolled,

1 Temperatire Permittivity Conducthvity
Hominal Head TSl parameters 2z0-C 263 827 mho/m
Mzzzured Haad TSL parameters (22020.21°C F37+6% 503 mho'm 6 %
Head TSL temperature during test (22.0+x02)°C - —

SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em® {1 g) of Head TSL condition
SAR measured 100 mW inpJt power T.EmW /g
SAR normal zed normakized o 1W 790 g

SaR for nominal Head TSL parameers

nommatized L 1W

75.1 MW/ g £ 19.9 % {k=2)

SAR for nomingl Head TSL parameters '

SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR maasured TG0 MW inpal power 211mWig
SAR nomnalized nermalized to 19 21.1mW/ g

nermallzed o 1'W

20.8 MW 7 g £ 19.5 % (k=2)

Carti cate No: DSEA2V2-1041_Meay0d
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Body TSL parameters at 5200 MHz

The fallowing parameters and calculations were apolied.

Tempearatura Permittivity Conductivity

Mominal Boedy TSL paramatars 220°C 49.0 5.30 mho/m
Measured Bady TEL parameaters 2201021 °C 474+ 6 % 5.30 mho/m £ & ¥
Body TSL temparature during test 1222102)°C ——- —-

SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® {1 g) of Body TSL condition
SAR measured 100 mi irput power F.00miig
SAR normalized normalizad to W FO.0 MW g

SAR for norminal Body TSL parameters |

nommalized to W

§9.5 MW / g £ 19.9 % (k=2)

SAR averaged over 10 cm’® (10 g) of Body TSL

condition

SAR measured

100 mvy irput power

1.94 mW /g

SAR normalized

nonmalized to ¥

19.4mW /g

SAR for nominal Body TSL parsmeaters '

nonmalized to 1w

19.3 mW / g £ 19.5 % (k=2)

Body TSL parameters at 5500 MHz

The following parameters and calculations ware appliec.

Temperaturs Permittivity Conductivity

Mominal Body TSL paramataers 220°C 48.6 5.65 mho/m
Measurad Body TSL parameters 1220402 °C 4R.T +E % 5.69 mho/m 1 6 %
Body TEL tamparature during test {22 2+02)°C -— aem

SAR result with Body TSL at 5500 MHz
SAR averaged over 1cm’ {1 g) of Body TSL condition
SAR measured 100 mW input power T.EB mW g
SAR nomalized normalized to W TEB mW (g

SAR for nominal Body TSL parametars '

normalized to W

76.0 MW { g £ 19.9 % (k=2)

SAR averaged ever 10 cm® (10 g) of Body TSL condition
SAR measured 100 MW input power 2711 mW i g
SAR nommalized normalized to 1W 211 mwig

SAR far nominal Body TSL parameters

noralized to W

20.9mW /g 19.5% (k=2)

! Cerrection to nomingl TEL parametars accerding o o), chapter "SAR Sensitivities

Cortificale Mo, DEGHzV2-1041_Wayl9
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Body TSL parameaters at 5800 MHz

The following parameters and calculations were applisg.

Temperature Parmittivily Conductivity

Mominzal Body TSL parameters 22.0°C 48.2 §.00 mhodm

Measured Body TSL paramatsrs (22.020.2)°C 46 0LE % B.07 mho/m * 6 %

Body TSL temperatura during test (222 10.2)'C —_ -——
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 em? {1 g) of Body TSL sandition

SAR measured 100 mW input powar 6.82 mW /g

SAR norrralized normalized to W 682 mW /g

SAR lor nominal Body TSL parameters ' nonmalized to W B7T.6EmW /g 199 % (k=2)

SAR averaged over 10 em® {10 g) of Body TSL sondition

SAR measu-ed 100 W input power 1.87 mW /g

SAR normalized normalized to 1V 18.7 MW/ g

SAR for nominal Body TSL parameters ' normalizad to W 18.5 mW { g £19.5 % (k=2)

! Carraction to nominal TSL parameters according to ¢}, chapler "SAR Sensiliviies

Cartificate No: DSGHzY2-1041_May04 Page & of 14



Appendix

Antenna Paramaters with Head TSL at 5200 MHz

Impedance, transformed to feed polnt 42.70- 4002
Return Loss -28.0dB
Antenna Parameters with Head TSL at 5500 MHz
| Impedance, transformed o {a=d paint S2.20-25K
1 Returd Loss 208 dB
Antenna Parameters with Head TSL at 5800 MHz
impedanze, transformed to teed point 5500 - 2000
Retum Loss -25.9 4R
Antenna Parameters with Body TSL at 5200 MHz
Impeadance, ransfonmead 1o feed poind 4a50-4.0i0
Retumn Loss i 2740 4B
Antenna Parameters with Bady TSL at 5500 MHz
Impedance, transformed to feed paint §2810-220
Retum Loss -29.2 4B
Antenna Parameters with Body TSL at 5800 MHz
Impedance, transformed to feed point AEIL-04 62
Return Loas =26.0 dB

Cartificate Mo; DEGEHZYZ- 041_May08 Page 7 o 14




General Antenna Parameters and Design

E ectrical Delay (one direction) 1,199 ns

Aftcr Iong term use with 40 W radiated power, only a slight warming of the dipa & near the feadpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding ling is directly connected o lhe
second arm of tha dipole. The anterna is therefore short-circuited for DC-signals.

No excessive force must be applied Lo the dioole arms, because they might bend or the soldercd connecions near the
feedpaint may be damaged.

Additional EUT Data

Nanufactured by SPEAG

Wanufactured on Decamber 30, 2005

Certificate Mo, DAGHzW2-1041_May(d Page 8 of 14



DASYS Validation Report for Head TSL
14.05.2009 16:50031

Test Laboratory: SPFEACT, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHe; Scrial: DIGHzVY - EN:1041

Communication System: CW-35GHz; Frequency: 5200 MHzFrequency: 3500 MHzFrequency: 3500 MIiz;
Dury Cyele: 111

Medium: HSL 5800 MH~=

Medium parameters used: = 5200 MHz; 6 = 445 mho/m; g — 34.9; p = 1000 kg/m® Mediwm parameters
used: £= 5500 MHz; ¢ — 4.75 mho/im; &, — 34.3; p = 1000 kg/m’ Medinm parameters used: £= 5800 MHz;
@ — 5.03 mhoim; &, = 33.7; p= 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY S (TEEE/IEC)

DASY S Configuration:
e Drobe EX3I0VA - §N3303; ConvF(5.36, 536, 5.3 anvF(4.85, 485, 4850 onvF(4.74, 4.74, 4.74): Calibraved: 11.03.2004
s Sgpso—Surface: Znm (Mechanical Surface Dotcction)
e  Flectronics: 17414 Snad1: Calibrated: 07.03.2008
&  Phantom: Flat Fhantom 5.0 (lront); Type: QUROGCP30AA; Seriel: 1001

e Measuremen! SWe DASYS, VS0 Baild 120; SLMCAD X Version 13.4 Build 45

d=10mm, Pin=100mW, f=5200 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube (:
Measurement grid: dx=4mm, dy=4mm, dz—2.5mm

Reference Valuc — 61.5 V/m; Power Drift = 0.087 dB

Puak SAR (extrapolated) = 29.7 Wikg

SAR(1 g) = 7.72 mW/g: SAR(1D g} =2.17 mW/g

Maxinam value of SAR (measurcd) — 15.8 mW/g

d=10mm, Pin=100mW, f=5500 MHz 2/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurement gid: dx=dmm, dy=4mm, d==2.5mm

Reference Vahie = 621 Vim: Power Drift = 0.092 dB

Peak SAR {exlrapolaied) — 33.5 Wikg

SAR(L ©) = 8.23 mW/g; SAR(ID £) =23 mWig

Maximum value of SAR (measured) = 17 mW/g

d=10mm, Pin=100mW, f=S800 MHz 2/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0;
Measurement grid: dx=dmmm, dy—dmun, d7=2.3mm

Reference Value = 58.5 Vim; Power Dnft = 0.0%6 dR

Peak SAR (extrapolated) — 32.3 Wikg

SAR(1 g) = 7.59 mW/g; SAR(10 g) =2.11 mW/g

Waxtmum value of SAR (measured) = 16 mW/ig

Certificate Mo, DAGHZVE-1041_May0i Paga @ of 14



dB

0dE = 16mWig
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impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
15.05.2009 11:08:30

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHz; Serial: D5GHzVZ - SN:1041

Communivation System: CW-5GHz, Frequency: 5200 MHzFrequency: 5500 MHzFrequency: FR00 MHz;
Duty Cyele: 1:1

Medium: MSL 5800 MHz

Medium parameters used: £= 5200 MHz; o = 5.29 mho'm; g, = 47.4; p= 1000 kg/m’ Medium parameters
nsed: £= 5500 MHz: o = 5.68 mho/m; e, = 46.7; p= 1000 kg/m’ Medium parameters used: = 5300 MHz;
o= 6.06 mho/m; &, = 46.1; p — 100D kg/m®

Phantom section: Flat Section

Measurement Standard; DASY S (IEEL/IEC)

DASY S Confipuration:
= Probe: EX3DV4 - §N350%: ConvEid 8%, 484, 4 KR)CanvF(4.37, 437, 4.37)ConvE(4.57, 4.57, 4.57); Calibrated: 11.03.2000
e Sensor-Surface; 2mm (Mechanical Suwrface Dereclion)
¢ Flesironics: TWAFA Sna01; Calibrated: 0703, 2000
e Phantom: Tha. Phantes: 3.0 (back); Type: QDOOOTS0AA; Serial: 1002

s Messgrenent 8We TIASYS, V5.0 Build 120: AEMCAD X Verdon 13.4 Build 45

d=10mm, Pin=100mW, f=5200 MHz/Area Scan (61x61x1); Measurement grd: dx—10iun,
dy—1mm
Maximum value of SAR {(interpolated) — 14.5 mW/g

d=10mm, Pin=100mW, f=5200 MH:/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurcment srid: dx=4mm, dy=4mm, dz=2.5mm

Recference Value — 57.2 Vim; Power Drift = 0.089 dB

Peak SAR (extrapolated) = 26.6 Wiky

SAR(L ¢} = T mW/g; SAR(ID g) = 1.94 mW/g

Maximum value of SAR {mcasured) = 14.2 mWig

d=10mm, Pin=100mW, =5500 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurement grid: dx=4dmm, dy=4mm, dw=2.5mm

Referenee Value = 38.7 ¥im; Mower Dritt =0.011 dB

Peak SAR {extrapolated) =31 Wk

SAR(I g) = 7.66 mW/g; SAR(10 g) =2.11 mW/g

Maximum value of SAR {measured) = 15.8 mW/g

d=10mm, Pin=100mW, f=5800 MHz/Zoom Scan (8x8x10), dist=2mm (8x8x10)/Cube 0:
Measurcment grid: dx=4mm, dy=4mm, dz=2.5mm

Reference Valuc = 53.9 Vim; Power Drift =-0.00954 dB

Peak SAR (extrapolated) = 20.3 Wik

SAR(1 gy = 6.82 mW/y; SAR(L0 g) = 1.7 mW/g

Maximum valoe of SAR (measured) = 14.3 mWig

Corificatc Mo: DEGHzV2-1041_May0d Page 12 of 14
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Impedance Measurement Plot for Body TSL
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