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Aecredited by the Swiss Federal Ofice of Metrology and Accraditation Accreditation No.: SCS 108
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Multilateral Agreament for the recognition of calibration certificates

Client

Calibration date:

Condition of the calibrated lom

This calibration certificate documants the Iraceability to national standards, which rexalize the physical units of measurements (51).
The measurements and the uncertainties with confidence probability ane given on the following pages and are part of the cortificate.

Al calibeations have been conducted in the closed laboratory facility: environmant tempseratuns (22 & 3)°C and humidity < 7T0%.

Callbration Equipment ussd [MATE critical for calibration)

Srimary Standards ID# Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power meter EPM E442 GBITABOTOS 12-Dct-04 (METAS, Mo. 251-00412) Oct-05

Power sensor HP B481A US3T292783 12-Dct-04 (METAS, No. 251-00412) Oct-05

Reference 20 dB Attenutor SN: 5088 (20g) 10-Aug-04 (METAS, Mo 251-00403) Aug-05

Rafarenca 10 dB Allenualor SN: 5047.2 (10r) 10-Aug-04 (METAS, No 251-00402) Aug-05

Aotarence Probe ETIDVE SN 1507 26-Oct-04 (SPEAG, No. ET3-1507_Oct04) Oct-05

DAE4 SN 801 Za-Jul04 (SPEAG, Mo. DAE4-B01_JulDd) Jul-05

Sacondary Standards D # Check Data (in housa) Scheduled Check
Power sangor HP B481A MY&1082317 18-0ci-02 (SPEAG, in houss chack Oci-03) In house check: Oct-05
AF genaraior RAS SML-03 100698 27-Mar-02 (SPEAG, In house check Dec-03) In house check: Dec-05
Metwork Analyzer HP 8T53E US3TIR0SAS 54206  18-Oct-01 (SPEAG, in house check Nov-03) In house check: Nov 04




Calibration Laboratory of
Schmid & Partner

Engineering AG
Zsughausstrasse 43, B004 Zurich, Switzerland

Aocredited by the Swiss Federal Office of Metrology and Accreditation

Tha Swiss Accreditation Service is one of the signatories to tha EA
Muitilateral Agreement for the recognition of calibration ceriificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2003, “|IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b) CENELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate

related to human exposure to electromagnetic fields from mobile phones (300 MHz - 3
GHz), July 2001

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),

“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information 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:
d) DASY4 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details 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 TSL: 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 Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector 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 measured: SAR. measured at the stated antenna input power.

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

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificate Mo: DE3SV2-437_NovD4 Page20of9



Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASY4 V4.4

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipole Center - TSL 15 mm with Spacer

Area Scan resolution dx, dy = 15 mm

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency B35 MHz £ 1 MHz
Head TSL parameters

Tha following parameters and calculations were applied.
Temperature Parmittivity Conductivity

Mominal Head TSL parameters 220°'C 415 0.90 mho/m

Measured Head TSL parameters (220+0.2)°C 418+6% 0.89 mho/m £ 6 %

Head TSL temperature during test (22.0 £ 0.2)*C s —-_
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL condition

SAR measured 250 mW input power 21TmWig

SAR normalized normalized to 1W BEBmMW I g

SAR for nominal Head TSL parameters '

normalized to 1W

8.77 mW / g £ 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 142mW /g

SAR normalized normalized to 1W 568mW /g

SAR for nominal Head TSL parameters ' normalized o 1W 5.74 mW | g £ 16.5 % (k=2)

! Comection to nominal TSL parametars according to d), chapter *SAR Sensitivities™

Certificate No: DB35V2-437_Nov4 Paga 3ol @



Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Maasured Body TSL parameters {220:02)°C 543+6% 1.00 mhoim £ 6 %
Body TSL temperature during test (21.8 £0.2) °C - P

SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL condition
SAR measured 250 mW input power 232mWig
SAR normalized normalized to 1W 928mWig
SAR for nominal Body TSL parameters * nomalized to 1W B.99 mW / g £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW inpul power 1.53mWig
SAR normalized nomalized lo 1W 6.12mW /g
SAR for nominal Body TSL parameters ' nomalized to 1W 593 mW / g £ 16.5 % (k=2)

? Corraction o nominal TSL parameters according to d), chapter “SAR Sensitivities™

Certificate No: DB35V2-437_NovD4
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Appendix
Antenna Parameters with Head TSL

Impedance, ransformed to feed point 5210-25j0
Retum Loss -208dB

Antenna Parameters with Body TSL

Impedance, Iransformed to feed point 47.T0-5.0j0
Ratum Loss -25.0d8

General Antenna Parameters and Design

[ Etectrical Delay (one direction) [ 1.381 ns |

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
sacond arm of the dipola. The antenna is therefore shor-circuited for DC-signals.
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 15, 2000

Certificate No: DB35V2-437_Nov(4 Paga 5ol 8



DASY4 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN437
Communication System: CW-835; Frequency: 835 MHz;Duty Cycle: 1:1

Medium: HSL 900 MHz,
Medium parameters used: f= 835 MHz; o = 0.89 mho/m; & = 41.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
Probe: ET3DV6 - SN1507; ConvF(6.24, 6.24, 6.24); Calibrated: 26.10.2004

Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 22.07.2004
Phantom: Flat Phantom half size; Type: QDOO0OP49AA; Serial: SN:1001;
Measurement SW: DASY4, V4.4 Build 3; Postprocessing SW: SEMCAD, V1.8 Build 130

Date/Time: 11/09/04 11:58:52

Pin = 250 mW; d = 15 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 2.32 mW/g

Pin =250 mW; d = 15 mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm
Reference Value = 50.3 V/m; Power Drift = -0.007 dB

Peak SAR (extrapolated) = 3.15 W/kg

SAR(1 g) = 2.17 mW/g; SAR(10 g) = 1.42 mW/g
Maximum value of SAR (measured) = 2.34 mWi/g

0 dB =2.34mW/g

Carificate No: DB3SV2-437_NovD4
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Impedance Measurement Plot for Head TSL

28 Oot 2004 16130:48
EHD 811 1Urs 11521150 -L5430 0 74934 pF BI5.000 200 NHz
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DASY4 Validation Report for Body TSL
Date/Time: 11/11/04 11:38:46

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V - SN437

Communication System: CW-835; Frequency: 835 MHz;Duty Cycle: 1:1
Medium: MSL 900 MHz;

Medium parameters used: f= 835 MHz; o = | mho/m; & = 54.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
» Probe: ET3IDV6 - SN1507; ConvF(5.98, 5.98, 5.98); Calibrated: 26.10.2004
+ Sensor-Surface; 4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 22.07.2004
» Phantom: Flat Phantom half size; Type: QDOOOP49AA; Serial: SN:1001;
» Measurement SW: DASY4, V4.4 Build 3; Postprocessing SW: SEMCAD, V1.8 Build 130

Pin =250 mW; d = 15 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 2.49 mW/g

Pin = 250 mW; d = 15 mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 50.6 V/m; Power Drift = 0.0 dB

Peak SAR (extrapolated) = 3.31 Wikg

SAR(1 g) = 2.32 mW/g; SAR(10 g) = 1.53 mW/g

Maximum value of SAR (measured) = 2.51 mW/g

25
0dB=2.51mW/g

Certificate No: DBI5SV2-437_NovD4 Page 8ol 8



Impedance Measurement Plot for Body TSL

Z2 Oot 2084 14115136

CHD s11. 1 U FS LATEE2 6 -49990 c 38436 pF 35,000 000 WHz
£ e

L] _r“' - .-I‘"Ik ;'h \-5\

i e e

CENTER B25.000 000 Mz SPMl 400,008 008 HHz

Certificate No: DB3ISV2-437_Novid Page 9of 9



Calibration Laboratory of
Schmid & Partnar

h_dhlnli- Foriernl Cffion of Metroiogy and Aoreision
The Swins Accraditaiion Ssrvice i ons of the slgratodes bo the L8
Muitiisterai Agremmant for he ecogniticn ol callbrstion canifizsies

ce SRR O
R

[ —
Camrater: dutn ‘Movember12,204

Cosncivacubemaran  InTolesnes

Thisi CHRFEGST DEMTECHE OOUMBAEE Tl ITCBAGMATY (11 FRHONS IMMIETE. whaon rendae e pirscni (et of messsarsmants (50
Thes mansiFE=amE ad ihe nosdinmes wih comfdenos probsbilly ses Given on S oilewng peges. and no it i P coftilcain

Al calibrwiaon Pre B (oducii e il ok Shormcny sy emercmmed e gy (17 ¢ 10T ard Ty © TEY

M IE' Cal Disiw Ba Gohascuiesd [Laigrabicn:
Promar muter £ E442 DEITABTD 12:0iet-0W (WETAS, Mo, 251.00413} ot 08

Prowss sarscy HF 4814 USITIITEY 12-Dect 04 (METAS, Ne. 25100813} oel08

Fthwrrscs M oS Aflaie S 5086 [20g) 10hisp &4 [METAL. o 751-004015) Piag-08

Rutlurmecs 10 o8 Attwrwsior BN BIMT 2 (10n) 1AL O (METAE. No 201-0040T) A

Futforeece Prts ETIONS SN 17 00004 (BPEAG, Mo ETHAS07_ Octd) 0=t

DAEL B2 B0t T30 (BPEAG, bio DALAO0Y_Juld) it

S, S ne Crecx Datm i o) Gcvmnsed Crees
[—p—rrrY WryatoazIT 18-01.12 (SPEAG, 1 houss chace Oci-01) I houss chack: Ol 8
HF genermioe RAS SML01 1200 I7 w12 [SPEAG, m touss chech Dwc-00)  in houss Ehweh: Dwe-08
Ratwcrk Angeer 49 BTSIE UBITI008S BAI08 18-Ohct-01 (SPEAD, in house chck Mow-03) I fousa ehack s D4

Cersficain Ma: D1800V2-535_Noawed Pags 1 of §



Calibration Laboratory of
Schmid & Partner
Engineering AG

Teoghmmsirnsse 43, B004 Lurich, Switaeriemnd

Agsreibbad Uy T Bwiae Fetern DfMice of Mefrology s Scoredisiion
The Bwins Accreditatinn Semvice i one of tha signelories o e £
tuniiparel Agresment fos (he recogeition of celllswiion certdicaias

Glossary:

TEL tigssue simulating louid

ConvF sensitivity in TSL / NORM xy.z
M/A nal applicable or ot measured

Calibration is Performed According to the Following Standards:

a) IEEE Sud 1528-2003, “IEEE Recommended Practice for Delermining the Paak Spalial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communicalions Devices: Measurement Techniques”, Decembaer 2003

b) CENELEC EN 50361, "Baslc standard for the measurament of Specific Absorption Rata
related to human exposure to electromagnetic fields from maobile phones (300 MHz - 3
GHz), July 2001

¢) Federal Communications Commission Office of Enginaering & Technology (FCC OET),
"Evaluating Gompliance with FCC Guidalings for Human Exposurs i Radiofrequancy
Electromagnetic Fields; Additional Information 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:
d) DASY4 Systam Handbook

mﬁpplhdlndlﬂrmﬂnnﬂhm
Maasurement Conditions: Further details are available from the Validation Repor at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated,

=  Anfenna Parameters with TSL: The dipole is mounted with the spacer o pasition is fead
point exactly below the center marking of the flat phantom section, with the arms oriented
paralial o the body axis.

s Feed Point impedance and Return Loss: These parameters are measured with the dipole
positioned undar the liquid filled phantom. The impedance staled is transformed from the
measurament at the SMA connecior to the fead posnl. The Retum Loss ensures low
raflected power. Mo uncertainty requirad,

« Electrical Delay: One-way delay batween the SMA connector and the antenna feed point.
No uncartainty required.

» SAR measured: SAR measurad al tha stated antanna inpul power,

= SAR pormalized: SAR as measured, normalized to an input power of 1 W at the antanna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used o calculate the
nominal SAR rasull

Cerficate Mo D1800Y2-815_ Mol Prage & of B



DASY sysinm oonfigurstion, &8 far 88 not given on page 1
DASY Yerskon DASYSA W4
Extrapolation Adhvanced Exirapalalion
Phartom Madular Flat Phansom V4.6
Oéwtance Dipols Canber - TEL 10 mm with Specor
Arwa Scan resoiution dx, dy = 15 mm
Zoam Scan Reschthon dx, gy, Bz =H mm
Fraquancy 1000 MMz = 1 MMz
Head TSL paramelers
Tha falowing parnalen and caiculabons wers appled
Tamperaturs Parmittivity Conductivity
Mominal Head TSL paramebers 230G 410 1,40 mihaim
Maasisred Head TSL paramebars (2.0 20.3)°C MG E% 145 mihoim 1 B %
Haad TEL iemperaturs during iesl (220202 C — —_
SAR result with Haad TSL
SAR averaged over 1 cm’ {1 g) of Haad TSL sardifion
LAR measurod 250 MW Inpit powar G808 MWV / g
SAR rommaksed rormasiem i 1 388/ g
SAR far nomingl Hesd TSL parsmeiors ' manmeakend fo T 3T.5mW i g £ 17.0 % (h=2)
SAR averaged over 10 cm” (10 g) of Head TSL exrdion
EAR messured 250 i input power E.OBmiv / g
SAR rarrmalesd narmaiond o 1W 0. 3mv /g
SAR far nominal Hesd TSL paramastsrs ' ranmakzed o W 18,7 mW | g £ 165 % (k=)

" Comrestion 1o nomingl TSL paramalers acoonding 1o o), chapter "SAR Sordibyilies”

Cerificais Mo DTH00VE-535_Nowld Pags 3ol 8



Body TSL parameters

The fobowing perameters ard caiouislions were apilied.

Tamparniure Parmiftivity Conducthity
Hominal Bady TEL paramsters mo~c 523 1.82 mihovm
Moasursd Body TEL paramasn [#3.0 %03 *C S18z8% 188 mhoim £ 8 %
Body TEL wmperaiurs during test 15203 "C _— —

SAR result with Body TSL

BAR averaged over 1 em” [1 g of Body T5L cornition
BAR measured B0 A Inpiut prwer 104 W i g
SAR norraited normained o TW li.lm'ﬁl'.l'g
BAR for nominal Body THL parametars © normakad o TN IS8 mWW (g £ 170 % (k=)
SAR aversged over 10 em’ (10 g} of Body TSL conaition
BAH meatured 250 mW Inplt povess 483 mW /g
SAR nonmsalned riomalized i 1W ImN g
AR for nominal Body TSL pacametemn | rormasieed o 1W 1.1 mW [ g £ 16.5 % (=)

¥ Comuction to nominal TEL sarametens acconding o d), chapser “SAR Sansithdtios”

Catificoie Mo DTBOOVE-536_ Movisl
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Appandix
Antenna Paramaters with Head TSL

Impadanca, ransfomaed ko feed poing S530+ 6680
Return Loss = 22.0 ol

Antenna Paramaters with Body TSL

Impadsnca, ransformed bo feed poini dGB0+T1E
Raium Losa = 33,0 dB

General Antanna Parameters and Design

| Evecirica Dalay (e direcion) | 1183 e |

Aftar lang ferm ysa with W mdiated power, anfy @ slight warming of the dipole near (he fsedpoint can be meesuned.

Tha dipole ks mada of standand saminigid coadal cabile. The conler canducior of tha feeding ne & dimclly connecled o thi
sscond am of the dipoéa, Tha antanna is themione shon-circuiied for DC-signais.
Mo axcessren force must be appling to the docls arme, bocauss thay might bend or the eoldgened connecions near the

Fancipoir may Do damaged,

Additional EUT Data
MManudncturad hy SPEAG
Morutaciumed on anch 23, 2001

Crtificaty No: D1800VZ-518_Mavid Page 8ol G



DASY4 Validation Report for Head TSL
DhpeeTime: 1171000 08:23:12

Test Laborntory: SPFEAG, Zurich, Switrerland
DUT: MMpole 1900 Ml Type: DI®HYI; Serial: D900V - 5N 535
Communication System; CW; Frequency: 1900 MHzDuy Cyvele: 121
Mediom: HSL 15900 MHx;
Medium parameters used: £= 1900 MHz; o = | 45 mho/m; & = 34.9; p = 1000 kg/m'
Phantom section: Flat Seetion
Mensurement Standord: DASYY (High Precision Asscssment)
DASYY Configuration:
# Probe: ETIDVE - SN1307; ConvFi4.96, 4.96, 4.96); Calibrated: 26. 102004
»  Semsor-Surfhce: 4mm {Mechanical Surface Detection)
¢  Electronics: DAES Sn601; Calibrated: 22.07.2004
»  Phontom: Flat Phaniom quarter size -SN: 1001 ; Type: QDODOPSAA; Serial: SN 1001 ;
+  Measrement SW: DASYS, V4.4 Build 3; Posiprocessing SW: SEMCAD, V1.8 Build 130

Pin = 250 mW; d = 10 mm/Ares Scan (BlxB1x1); Measurement grd: d=15mm, dy=15mm
Mauximum value of SAR (interpolated) = 11.2 mW/g

Pin = 250 mW; d = 10 mm/Zoom Scan (Tx7xTWCube : Messurement grid: de=3mm, dy=5mm,
de=5mm

Reference Value = B4.8 Vim; Power Dyift = (L] dB

Penk SAR {extrapolated) = 17.2 Wikg

SAR{] g) = 9.69 mWig: SAR{10 g) = 5.08 mW/g

Maximum value of SAR (measired) = 11 mW/g

0.dB = | LmWig

Confcate Mo DIBOME-535_Now Pagm B ol B
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DASY4 Validation Report for Body TSL
Dt Thme: 1171204 | 5:33:07

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz: Type: DI900VI; Serial: DIMOY] - SNS3S
Commiumnication System: CW-1900; Frequency: 1900 MHz;Duty Cycle: 111
Medium: Muscle 1800 MHz;
Medium parameters used: 1= 1900 MHz; 0 = |58 mho/m; £ = S1.6; p = 1000 kg/m'
Fhuniom section: Flat Section
Measurement Standard: DASY4 (High Precision Assessmend)
DASYS Configurniion:

= Probe: ETIDVE - SN1507; ConvF{4.43, 4.43, 4.43); Calibrated: 26,10 2004

s Seneor-Surface: 4mm (Mechanical Surface Detection)

* Electronics: DAE4 Snél1; Calibrated: 22.07.2004

* Phantom: Fint Phantom half size; Type: QDDOOPIOAA; Sernl: SN:1001;

& Measurement SW: DASY 4, V4.4 Bulld 3; Postprocessing SW: SEMCAD, V1.8 Build 130

Pin = 250 mW; d = 10 mm/Area Scan (81x81x1): Messurement grid: de=15mm, dy=15mm
Maximum value of SAR (interpolated) = 12.1 mWig

Pin =250 mW; d = 10 mm/Zoom Scan (Tx7x7)Cube §: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = B4 4 Vim; Power Dnfi =0.) dB

Peak SAR (extapolated) = 17.7 Wikg

SAR(D g)= 104 mW/g; SAR(I0 g) = 552 mW/ig

Maximum value of SAR (messured) = | 1.9 mW/g

s}

16

OdE=11.9mW/g

Certilicate fia D1#0002-535_Movis Page 8 of B



Impedance Measurement Plot for Body TSL

EHD sei i F

Lus
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerand

Client L i il S e

Objectis)

Calibration dale:
ot e oot I Tolerance (according to the specific calibration document)

This calitration statsmant docurnents traceability of METE usad in the calibration protedunes and conformity of the procedures with the ISOREC 17025
imfemational slandard,

Al calibrations have been conducied in the closed laboratory faciiity: emisonment tempemture 22 +1- 2 degrees Celsius and humidity < 75%.

Calbration Equipment used (MATE crilical for calbration)

Model Type ID# Cal Date (Calibrated by, Certificale No.) Scheduled Calibmation |
Power sensor HP 84814, US3T2a2783 G-how-03 (METAS. No. 252-0254) o4
Power sensor HP 84814 MY41082317 18-0ct-02 {Agilent, Mo, 20021018) Oct04
RF generator RAS SML-03 100658 27-Mar-2002 (RAS, No. 20-00380) In house chéck: Mar-05
Matwork Analyzer HP 8T53E LS37380585 18-0ct-01 (SPEAG, In house check Mov-03) In house check: Ocl 05
Naimne
Calibrated by:
Approved by:

Diate issand: Saptember 1, 2004

This calibration certificale is issued as.an intermeciate sclution untl the sceredilalion process (based on ISOAEC 17025 Intermational Standaed) for
Calibeation Labaratory of Schenid & Pariner Enginaaring AG Is compleed.

B580-KPO301061-A Page 1(1)



Schmid & Partner Engineering AG S e a

Zeughausstrasse 43, BO04 Zurich, Switzerand
Phone +41 1 245 9700, Fax +41 1 245 9779
info@speag.com, http/’Mww.speag.com

DASY

Dipole Validation Kit
Type: D1900V2

Serial: 5d051

Manufactured: = March 19, 2004
Calibrated:  August 16, 2004



L M it

The measurements were performed in the quarter size flat phantom filled with head simulating liquid
of the following electrical parameters at 1900 MHz:

Relative Dielectricity 394 + 5%
Conductivity 1.44 mho/m + 5%

The DASY4 System with a dosimetric E-field probe ET3DV6 (SN:1507, Conversion factor 4.96 at
1900 MHz) was used for the measurements.

The dipole was mounted on the small tripod so that the dipole feedpoint was positioned below the
center marking of the quarter size flat phantom 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. The included distance spacer was used during measurements for accurate distance
positioning,

The coarse grid with a grid spacing of 15mm was aligned with the dipole. The 7x7x7 fine cube was
chosen for cube integration.

The dipole input power (forward power) was 250mW % 3 %. The results are normalized to 1W input
power.

2. SAR Measurement with DASY4 System

Standard SAR-measurements were performed according to the measurement conditions described in
section 1. The results (see figure supplied) have been normalized to a dipole input power of 1W
(forward power). The resulting averaged SAR-values measured with the dosimetric probe ET3DV6

SN:1507 and applying the advanced extrapolation are:

averaged over 1 cm® (1 g) of tissue: 39.4 mW/g + 16.8 % (k=2)'

averaged over 10 cm® (10 g) of tissue: 20.6 mW/g = 16.2 % (k=2)'

! validation uncertainty



3. Dipole Impedance and Return Loss

The impedance was measured at the SMA-connector with a network analyzer and numerically
transformed to the dipole feedpoint. The transformation parameters from the SMA-connector to the
dipole feedpoint are:

Electrical delay: 1.194 ns  (one direction)
Transmission factor: 0.982 (voltage transmission, one direction)

The dipole was positioned at the flat phantom sections according to section | and the distance spacer
was in place during impedance measurements.

Feedpoint impedance at 1900 MHz: Re{Z} = 54.00Q
Im {Z} = 400
Return Loss at 1900 MHz -25.4 dB
4. Measurement Conditions

The measurements were performed in the quarter size flat phantom filled with body simulating tissue
of the following electrical parameters at 1900 MHz:

Relative Dielectricity 522 + 5%
Conductivity 1.58 mho/m + 5%

The DASY4 System with a dosimetric E-field probe ET3DV6 (SN:1507, Conversion factor 4.57 at
1900 MHz) was used for the measurements.

The dipole was mounted on the small tripod so that the dipole feedpoint was positioned below the
center marking of the quarter size flat phantom 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. The included distance spacer was used during measurements for accurate distance
positioning.

The coarse grid with a grid spacing of 1 5mm was aligned with the dipole. The 7x7x7 fine cube was
chosen for cube integration.

The dipole input power (forward power) was 250mW £ 3 %. The results are normalized to 1W input
power.



5. SAR Y4 System

Standard SAR-measurements were performed according to the measurement conditions described in
section 4. The results (see figure supplied) have been normalized to a dipole input power of 1'W
(forward power). The resulting averaged SAR-values measured with the dosimetric probe ET3DV6

SN:1507and applying the lation are:
averaged over 1 cm’ (1 g) of tissue: 41.6 mW/g + 16.8 % (k=2)°
averaged over 10 cm’ (10 g) of tissue: 21.6 mW/g £ 16.2 % (k=2)°

6. Dipole Impedance and Return Loss

The dipole was positioned at the flat phantom sections according to section 4 and the distance spacer
was in place during impedance measurements.

Feedpoint impedance at 1900 MHz: Re{Z} = 5090
Im {Z} = 5.0
Retumn Loss at 1900 MHz -27.2dB
7. 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.

8. Design

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

signals.

Small end caps have been added to the dipole arms in order to improve matching when loaded
according to the position as explained in Section 1. The SAR data are not affected by this change. The
overall dipole length is still according to the Standard.

glr Fmr Tﬂﬂ_t

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

? validation uncertainty
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Date/Time: 08/11/04 17:25:06
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN5d051
Communication System: CW-1900; Frequency: 1900 MHz;Duty Cycle: 1:1
Medium: HSL 1900 MHz;
Medium parameters used: = 1900 MHz; o = 1.44 mho/m; &, = 39.4; p= 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

L ]

Probe: ET3DV6 - SN1507; ConvF(4.96, 4.96, 4.96); Calibrated: 1/23/2004

Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 7/22/2004

Phantom: Flat Phantom quarter size; Type: QDOOOPS0AA; Serial: SN:1001;

Measurement SW: DASY4, V4.3 Build 14; Postprocessing SW: SEMCAD, V1.8 Build 123

Pin =250 mW; d = 10 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 11.1 mW/g

Pin =250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 90.3 V/m; Power Drift = 0.0 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 9.84 mW/g; SAR(10 g) =5.15 mW/g

Maximum value of SAR (measured) = 11.2 mWi/g

0dB = 11.2mW/g






Page 1 of |
Date/Time: 08/16/04 15:37:23

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN5d051

Communication System: CW-1900; Frequency: 1900 MHz;Duty Cycle: 1:1

Medium: Muscle 1900 MHz;

Medium parameters used: f= 1900 MHz; o = 1.58 mho/m; §=52.2;p= 1000 kga’m"'
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

¢ Probe: ET3DV6 - SN1507; ConvF(4.57, 4.57, 4.57); Calibrated: 1/23/2004

Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 7/22/2004

Phantom: Flat Phantom quarter size; Type: QDO0O0OPS0AA; Serial: SN:1001;

Measurement SW: DASY4, V4.3 Build 14; Postprocessing SW: SEMCAD, V1.8 Build 123

Pin =250 mW; d = 10 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 11.8 mW/g

Pin =250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 88.9 V/im; Power Drift =0.1 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 10.4 mW/g; SAR(10 g) = 5.41 mW/g

Maximum value of SAR (measured) = 11.8 mW/g

dB
]

0dB=11.8mW/g
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Inughaussiresse 43, Bidd Zurich, Switperdand

fe:orded By ihes Swiss Foderal Dfice of Metiogy and Accred@stion

Tha Swiss Aecrediisiion Service is one ot ihe signaiories o e E4
M llilatesal Agreamen far the mcognitcn af ceibration cortticates

Glossary:

TSL tissue simulating liquid
NORMx.y.2 gensitivity in free space

ConF sansitivity in TSL / NORMx.,y.z
ocP diode compression point
Polarization ¢ p retation around probe axis

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

measurament center), ie., 3 = 0 |5 normal fo probe axis

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurernant Technigues”, December 2003

CEMELEC EM 50381, “Basic standard for the measuremaent of Specific Absorpiion Rate
refated to human exposure 1o electromagnetic fields from maobile phones (300 MHz - 3
GHz), July 2001

Methods Applied and Interpretation of Parameters:

NORMz.y.z: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y z are only intarmediate values, |.e., the uncertainties of
NORMx,y.z doss not effect the E*-field uncertainty inside TSL (see balow ConvF).
NORM([Nx,y.z = NORMzx, y.z * frequency_response (see Frequancy Response Chart). This
linearization is implemented in DASY4 software versions |ater than 4.2, The uncertainty of
the frequancy response is included in the stated uncertainty of CormvE,

DCPyx, .z DCP are numernical linearization parameaters assessad based on the data of
power sweep (no uncertainty requirad), 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 < B00 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same selups are used for
asgessment of the parameters applied for boundary compaensation (alpha, depth) of which
typical uncenainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL comesponds to
NORMx.y.2z * ConvE whereby the uncertainty comesponds lo that given for ConmeF. &
frequency dependent ConvF is used in DASY version 4.4 and higher which allows
extending the validity from + 50 MHz 10 £ 100 MHz,

Sphencal isotropy (3D deviation fram isotropy): in a field of low gradients realized using a
fial phantom exposed by a patch antanna.

Sensor Offset: The sensor offset corresponds to the offset of virual measuremant canter
from tha probe tip (on probe axis). No tolerance required.

Carficals Mo ET3-1680_Jand5 Poge 2 of @



ETIDVER SN:1669 January 13, 2005

Probe ET3DV6R

SN:1669

Manufactured: February 8, 2002
Last calibrated: March 18, 2004
Remake to VER: January 4, 2005
Recalibrated: January 13, 2005

Calibrated for DASY Systems

[Mote: non-compatibls with DASY2 systaml)



ET3DVER SN:1669 January 13, 2005

DASY - Parameters of Probe: ET3DV6R SN:1669

Sensitivity in Free Space” Diode Compression®
NormX 173 2100%  pVIVImY DCP X 95 m\y/
NormY 188 £10.1%  pMVIm)? DCP Y 85 mV
NormZ 175+ 100%  pVIVImY® DCP Z 95 m\y

Sensitivity in Tissue Simulating Liquid {Conversion Factors)

Please see Page 8.
Boundary Effect
TSL 800 MHz  Typical SAR gradient: 5 % per mm
Sensor Canter io Phantom Surface Distance 37 mm 4.7 mm
SAR, [%] Withaut Correction Algarithm 8.3 4.4
SAR,, %] With Correction Algorithm 0.1 0.2
TSL 1750 MHz Typlcal SAR gradient: 10 % per mm
Sensof Cenbter 1o Phantom Surface Distance 37 mm 4.7 mm
SAR, [T] Without Cormeclion Algorithm 13.4 @3
SAR,, [%] With Commection Algorthm 0.8 02
Sensor Offset
Prabm Tip o Sensor Canber 2.7 mm

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

= The urcarenias ol Nomdl ¥ 2 mﬂﬂdhﬁanﬂmeilm Pags &)
* Murerical insaczation paramsler whoeranty nol regquired



ETIDVER SN:1669 January 13, 2005

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15
1.4
13
1.2

1.1

Fraquency response [normalized)
-

o6

i} 500 1000 1500 000 2500 3000
T [MHz]
—a—TEM = {22

Uneertainty of Freguency Responsa of E-fleld: 2 6.3% (k=2)



ET3DVER SN:1669 January 13, 2005

Receiving Pattern (¢), 3 =0°

f =600 MHz, TEM fi110EXX

—g—¥ ——Y —8-FT —0-Tal =ip=3 ==Y =7 —D—Tol

1.0 :
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Uncertainty of Axial lsotropy Assessment: £ 0.5% (k=2)



ET3DVER SN:1669
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(Waveguide R22, f = 1800 MHz)
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January 13, 2005
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Uncertainty of Linsarity Assesament: + 0.6% (k=2)

100



ET3DVER SN:1669 January 13, 2005

Conversion Factor Assessment

=000 MHz, WGLS RO (hoad) f=1750 MHz, WGLS R22 (head)

—O—Anplytical —o— Messuremeanis

1 [MHz] Walidity [MHz]" TSEL  Permittivity Conductivity Alpha Depih ConvF Uncartalnty

B35 % 50/ % 100 Head 41.525% 0.80+5% .57 1.85 661 £ 11.0% (k=)
ano 450/ %100 Head 41.5=25% 087 5% 0.56 1.85 649 £ 11.0% [k=2)
1760 =50/% 100 Head 40.12£5% 1.37+5% 058 238 5.38 £ 11.0% (k=2)
1800 £ 50/ %100 Head 40.0025% 1404+ 5% 053 253 571 & 11.0% (k=2)
1850 & 50/+ 100 Head 40.0z5% 1.4015% .51 2™ 4,75 & 11.0% (k=2)
835 £ 507+ 100 Body 55Z2x5% 0.97 5% 049 2089 639 +11.0% (k=2)
400 £ 50/ + 100 Body G55.0+£5% 1.05+5% 050 209 6.11 £11.0% (k=2)
1760 £50/7+100 Body 534x5% 1.40:5% 050 289 4.67 £ 11.0% (k=2)
1900 =£50/+1700 Body 53.3:5% 1.52x25% 051 30 4.52 + 11.0% (k=2)
1960 =607+ 100 Body 53.325% 1.5215% 058 263 440 £ 11.0% (k=2)

£ The validity of £ 100 MHz only spplies for DASY wid and highor (see Pags 2]. Tha uncerainty ks the RSS
of tho Conw¥ wncartainty al calibration fragquancy and the uncenininty for the Indicafed froguoncy band.



ET3DVER SN:1669 January 13, 2005

Deviation from Isotropy in HSL
Error (¢, 3), f = 900 MHz

100080 B-40.80-0 60 M-0.60-0.40 W-0.£0-020 B-0.30-0.00
0000020 BO3-040 D040-060 SO0E0-080 EOSI-100

Uncertainty of Spherical Isctropy Assessment: £ 2.6% (k=2)



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasss 43, 8004 Zurich, Switteriand

Cliont NSRS

Calibmtian date:

Candition of the calbrated Bem

Tris calibration cevtificate docurnents the traceabdity 1o naticnal standards, which realites physical units of measunements (51}
Thet measwements and the uncerainties with confidence probability ane ghan an the following poges and G par of the cemhenie.

All calibraticns hawve been canducted in the clesed labermtery facility. envirament temparaturs 22 + 2 degrees Celslies and hmidity < 75%.

Calbratan Equipment used (MATE critical for calibration)

| Moded Type ID# Cal Date {Cakorated by, Corlificats Mo ) Seheduled Calbration
Fower meler EPM E44 198 GEd 12834874 © Bbkay0d (METAS, No 251-00388) May-05
Pawer sansor E44124 MY4 1205277 S-htay-04 (METAS, Mo 258003488) 05
Referonce 20 d& Attenuntor SN 5086 (20b) IMay-04 (METAS, Mo 25100359) May-05
Fiuka Process Calibralor Type 702 SN 6295803 B-Sep-03 (Sintrel SC5 No. BO30020 Sep0d |
Pawer sarses HP 84814 WY41082180 18-Bep-02 (SPEAG, in house check Oo3) In house check: Oct 05 |
RF generntor HP BBS4C US3E42LI01700 4-Ag99 [SPEAG, In houss check AugD2) In house cheek: Aughs
Haobwark Analyzer HP B753E US 37300588 18-0ct-01 (SPEAG, in house check Ooti3) In house eheek: Ol 05
Funetian
Catibrated by: e gy e
Approved by,

Date issued-August 31, 2004

This calibraticn cartificabe is kzaued Ge an intermediale solution unlil the secredilation pracess (based on ISONEC 17025 Internatianal Standard) far
Calibration Laboralory of Schmid & Patner Enginesrng AG is completed.
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Probe EX3DV4

SN:3536

Manufactured: April 30, 2004
Last calibrated: August 27, 2004

Calibrated for DASY Systems

(Note: non-compatible with DASY2 system!)



EX3DV4 SN:3536 August 27, 2004

DASY - Parameters of Probe: EX3DV4 SN:3536

Sensitivity in Free Space Diode Compression”™
NomX 0.42 pV/(Vim)* DCPX 93 mV
NormY 0.45 pPV/(Vim)? DCPY 93 mV
NormZ 0.38 pVi(Vim)* DCPZ 93 mV

Sensitivity in Tissue Simulating Liguid (Conversion Factors)

Plese see Page 7.

Boundary Effect

Head 900 MHz Typical SAR gradient: 5 % permm
Sensor Center to Phantom Surface Distance 20mm 3.0 mm
SAR,, [%] Without Comection Algorithm 4.2 1.7
SAR,, [%)] With Comection Algorithm 0.0 0.0
Head 1750 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 20mm 3.0mm
SAR,, [%6] Without Comection Algorithm 52 2.7
SAR,, [%] With Comection Algorithm 0.2 0.6
Sensor Offset
Probe Tip to Sensor Center 1.0 mm

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

* numerical Bnearization parameler uncarainty nol requined



EX3DV4 SN:3536 August 27, 2004

Frequency Response of E-Field
{ TEM-Cell:ifi110, Waveguide R22)
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EX3DV4 SN:3536

|
e

error[dB]

f =900 MHz, TEM cell ifi110 |

August 27, 2004

Receiving Pattern (¢ ), 6 = 0°

|
I
|
|+: ——Y —e—Z -o—Tot |

1.00

0.80
060
0.40
0.20
0.00

-0.20
-0.40
-0.60
-0.80
-1.00

f= 1800 MHz, WG R22
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——30MHz |
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== 300 MHzZ

#ﬂmww | ——900 MHz

= !

| —8— 1800 MHz
T | —4—2500 MHz |

Axial Isotropy Error < 0.2 dB



EX3DV4 SN:3536 August 27, 2004

Dynamic Range f(SARpcaq)

( Waveguide R22 )
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Probe Linearity Error < £ 0.2 dB



EX3DV4 SN:3536

August 27, 2004

Conversion Factor Assessment

f= 900 MHz, WGLS R9 (head)

SAR[mWIem®] I W

25.0 5

f= 1750 MHz, WGLS R22 [head)

z[mm) z[mm)
~o—Anslyical__—o~Measuremets | [ —#-Anayicel _——essummen |

f[MHz] Validity [MH2]®  Tissue Permittivity Conductivity Alpha Depth  ConvF Uncertainty
450  400-500 Head 43.5:5% 0.87%5% 0.10 1.84 9.77 +15.5% (k=2)
835  TB5-8B5 Head 41.5+5% 080%5% 0.63 0.67 9.88 +90.7% (k=2)
Q900 850-850 Head 415+5% 097x58% 0.26 1.07 9.49 1 0.7% (k=2)
1750  1700-1800 Head 40.0%5% 1.40%5% 0.11  2.50 8.29 +9.7% (k=2)
1900  1850-1950 Head 40.0+5% 1.40+5% 011 250 8.19 +9.7% (k=2)
1950  1900-2000 Head 40.0+5% 1.40+5% 011 276 7.90 +9.7% (k=2)
2000  1950-2050 Head 40.0+5% 1.40+5% 0.11 3.98 7.55 +9.7% (k=2)
2450  2400-2500 Head 39.2+5% 1.80 +5% 019  1.40 7.49 *9.7% (k=2)
5200 5150-5250 Head 36.0+5% 4.66 5% 049  1.80 5.27 +13.6% (k=2)
450  400-500 Body SB.7+5% 0.94 5% 041 1.70 8.31 + 15.5% (k=2)
835 785885 Body 552%5% 097 +5% 024 129 9.78 +9.7% (k=2)
900  850-950 Body 55.0%5% 1.05%5% 0.28 1.08 9.42 +9.7% (k=2)
1750 1700-1800 Body 53.3+5% 1.5225% 0.11  4.04 7.89 +9.7% (k=2)
1800 1850-1950 Body 53.3+5% 1.52%5% 0.12 4.63 7.54 +9.7% (k=2)
1950  1900-2000 Body 53.3+5% 1.52%5% 013 3.96 7.59 +9.7% (k=2)
2000  1950-2050 Body 53.3+5% 1.52%5% 0.14 4.10 7.26 +9.7% (k=2)
2450  2400-2500 Body 52.7+5% 1951 5% 0.31 0.99 7.70 +9.7% (k=2)
5200  5150-5250 Body 49.025% 5.30%5% 0.50 1.80 4,84 +13.6% (k=2)

B The total standard uncertainty is calculaled as root-sum-squane of standard uncertainty of the Conversion Factor at calibraticn
Fresqusncy and thie standard wncartainty for the indicated frequency band.



EX3DV4 SN:3536 August 27, 2004

Deviation from Isotropy in HSL
Error (0, ¢), f = 900 MHz

Error [dB]

B-1.00-0.80 @-080-050 B-060-0.40 B-040-020 B-0.20-0.00
00.00-0.20 @0.200.40 B0400650 B0SM0.E0 BO0.80-1.00 |

Spherical Isotropy Error < £ 0.4 dB



