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CALIBRATION CERTIFICATE

Condition af the calibrated itam |

n Tolerance

Calibration Equipment used (M&TE critleal for calibration)

Gbjeat DA3sVZ - SN: 441
Callbration procsdira(s) QA CAL-06.v8

Calibration proceduire for dipole validation kits
Calibration dala! September 16, 2004

This callbration cartificate documants Ihe traeeabilily to national standards, which reafize e physlcal Units of measurements {S1).
The measurements and the unoartalntlas with confidance probablity are givan 6n the following pages and ars part of (he corlificats.

All calibrations have bean eanducted In the closed labortary facility: environment lemperature (22 + 3)°C and humidlty < 70%.

Primary Btandaids D# Cal Data (Callbrated by, Cadificate Mo.) Scheduled Calibration
Power sunsor HP 84814 Us37282783 §-Mov-03 [METAS, No. 262-0254) Noy-04
Raferanca 20 d8 Attenuattr SN: 5088 (20g) 10:ALg-D4 (METAS, N 251-00402) Aug-08
Reference 10 dB Atlenuator SN: 5047.2 (10r) 10-Aug-04 {METAS, Mo 251-00402) Aug-08
Referance Probe ETIDVE SN 1507 23-Jan-04 (SPEAG, Mo, ETI-1507_Jand4) Jan-08
DAE4 SN 601 B-Nov-03 {SPEAG, No, DAE4-BD1_Juld4) Juk0s
Secondary Standards 10 # Check Date {ln housa) Schadulad Chack
Power mater E44188 GB43310788 13-Aug-03 (SPEAG, In house check Jan-04) in houke check: Jan-08
Power sansar HP B481A MY 410082317 18-00ct-02 (SPEAG, In houss check Oct-03) In house chack: Oct-05
RF generator RES SML-03 100698 27-Mar-02 (SPEAG, In house chack Dec-03} In house check: Dec-05
Metwork Analyzar HP BT53E US37300585 S42068  18-0ct:01 (SPEAG, in house chedk Moy-03) In house sheck; Mov 04

Namea Function Slgnalura
Callbrated by; Judifh Mustier Labaratory Technician i
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Approved by Kitja Pokovit Tachnical Manager
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurlch, Switzerland

Schweizerischer Kalibriordienst
Service sulase d'&alonnage
Bervizio svizzero dl taratura
Swiss Callbration Service

Ascredited by the Swiss Faderal Offics of Metrolagy and Accraditation Accroditation No.: SCS 108
Tho Swiss Accreditation Service Is one of the slanatories to the EA
Multilatoral Agresmaent for the recognition of callbration cerificates

Glossary:

TSL tissue simulating liquid

ConF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration Is Performed According to the Following Standards:

a) |EEE 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 Techniques”, December 2003

b) CENELEC EN 50361, "Basic standard for the measuremenl 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:
o Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerlificate are valid at the frequency indicated.

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exaclly below the center marking of the flal phantom section, with the arms oriented
parallel to the body axis.

« Fesd 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.

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

o  SAR measured: SAR measured al the stated anlenna 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 lo calculate the
nominal SAR result.
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Measurement CondIitions

DASY system configuration, as far as not given on page 1.
DASY Verslon DASY4 V4.3
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 paramsters and calculations were appliad.
Temperature Parmittivity Conductivity
Nominal Head TSL parametars 220°C 415 0.90 mho/m
Measured Head TSL parameters (22.0%0.2)°C 418 +6% 0,82 mho/m £ 6 %
Head TSL temperature during test {21.2£0.2)"C — rees
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g) of Head TSL conhdition
SAR measured 250 mW inpul power 254 mW g
SAR normalized normalized to 1W 10.2mW /g
SAR for nominal Head TSL paramatars ' normalized to W 10.2mW /g2 17.0 % (k=2)
SAR averaged ovar 10 cm® (10 g} of Head TSL condition
SAR measurad 250 mw input power 185 mW /g
SAR nomalized normalized to 1W 6.60mW /g
SAR for nominal Head TSL paramelers ' normalized to 1W 6.83 mW /[ gz 16.5 % (k=2)

' correction lo nominal TSL parameters according to d), chapter “SAR Sensitivities”
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.60-6.8/Q
Return Loss 23.3dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.375ns

Aftar long lerm use with 100V radiated powar, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirgid coaxlal cable. The certter conductor of the feeding [ine is direclly connecled to the
second arm of the dipole. The antenna Is therefore shorl-circuited for DC-signals.

No excessive force must be applied to the dipole arms, because they might bend or the soldered conneations near the
feedpoinl may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured on March 8, 2001
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DASY4 Validation Report for Head TSL

Date/Time: 09/16/04 14:52:29

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2; Serial: DBI5SV2 - SN441]

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

Medium; HSL 835 MHz;

Medium parameters used: f= 835 MHz; o = 0.92 mho/m; &, =41.5; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

Probe: ET3DV6 - SN1507; ConvF(6.3; 6.3, 6,3); Calibrated: 23.01.2004

Sensor-Surface: 4mm (Mechanical Surface Detection)

Electranics: DAE4 Sn601; Calibrated: 22.07.2004

Phantom: Flat Phantom half size; Type: QDOO0P49AA; Serial: SN:1001;

Measurement SW: DASY4, V4.3 Build 20; Postprocessing SW: SEMCAD, V1.8 Build 126

Pin =250 mW; d = 15 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Maximum value of SAR (interpolated) = 2.74 mW/g

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

Reference Value = 56.4 V/m; Power Drift =0.003 dB

Peak SAR (extrapolated) = 3.78 W/kg

SAR(1 g) = 2.54 mW/g; SAR(10 g) = 1.65 mW/g

Maximum value of SAR (measured) = 2.74 mW/g

dbB

0

-5

0dB =2.74mW/g
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Impedance Measurement Plot for Head TSL

16 Swp 2004 418:21:86
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zesughausstrasse 43, 8004 Zurich, Switzerland

Client 'H-CT (Dymstec)

CALIBRATION CERTIFICATE

Object(s) Dioooyv2eBNBdosz

Calibration procedure(s) -'fQA CAL-OS N2 : : :
;Callbratlon procedure for dlpole vahdation klts

Calibration date: April 26, 2004

Condftion of the callbrated item [N Tolerance(accordlngtothespecrﬁccallbratlon document)

This calibration statement documents traceability of M&TE used in the calibration procedures and conformity of the procedures with the ISO/IEC 17025
international standard.

All calibrations have been conducted in the closed laboratory facility: environment tsmperature 22 +/- 2 degrees Celsius and humidity < 75%.

Calibration Equiprment used (M&TE critical for calibration)

Model Type 1D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power meter EPM E442 GB37480704 6-Nov-03 {METAS, No, 252-0254) Nov-04

Power sensor HP 8481A Ug37292783 6-Nov-03 {METAS, No, 252-0254) Nov-04

Power sensor HP 8481A MY41092317 18-Oct-02 (Agilent, No, 20021018) Oct-04

RF generator R&S SML-03 100698 27-Mar-2002 (R&S, No. 20-92389) In house check: Mar-05
Network Analyzer HP 8753E USs37390585 18-0¢t-01 (SPEAG, in house check Noy-03) In house check: Oct 05

Function ) ) Signature

Téchniaan ﬂ /,Z/; G

Approved by: KeaPakevie  LaborstoryDirector / e

Date issued: April 27, 2004

Calibrated by:

i

This calibration certificate is issued as an intermediate solution until the accreditation process (based on ISC/IEC 17025 International Standard) for
Calibration Laboratory of Schmid & Partner Engineering AG is completed.
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Schmid & Partner Engineering AG ) s 9 e a g

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 1 245 9700, Fax +41 1 246 9779
info@speag.com, http://www.speag.com

DASY

Dipole Validation Kit
Type: DI1900V2

Serial: 5d032

Manufactured: = March 17, 2003
Calibrated:  April 26, 2004
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1. Measurement Conditions

The measurements were performed in the flat section of the SAM twin phantom filled with head
simulating solution of the following electrical parameters at 1900 MHz:

Relative Dielectricity 40.1 +5%
Conductivity 1.45 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 flat phantom section and the dipole was oriented parallel to the body axis (the
long side of the phantom). The standard measuring distance was 10mm from dipole center to the
solution surface. 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 250 mW £ 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: 40.0 mW/g £ 16.8 % (k=2)'

averaged over 10 cm® (10 g) of tissue: 21.0 mW/g £ 16.2 % (k=2)'

! validation uncertainty
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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: 1.192 ns  (one direction)

Transmission factor: 0.999 (voltage transmission, one direction)

The dipole was positioned at the flat phantom sections according to section 1 and the distance spacer
was in place during impedance measurements.

Feedpoint impedance at 1900 MHz: Re{Z} = 49.8Q
Im {Z} = 340
Return Loss at 1900 MHz -29.5 dB

4. 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.

5. 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.

6. Power Test

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

HYUNDAI CALIBRATION & CERTIFICATION TECHNOLOGIES CO., LTD.
SAN 136-1, AMI-RI , BUBAL-EUP, ICHEON-SI,LKYOUNKI-DO, 467-701, KOREA
TEL : +82 31 639 8518 FAX :+82 31 639 8525 www.hcet.co.kr



HCT

Report No.: HCT-SAR04-1004 FCCID : RSWNGTS510T DATE : October 8, 2004

Page 1 of 1
Date/Time: 04/26/04 13:04:32

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN5d032

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

Medium parameters used: f = 1900 MHz; 6 = 1.45 mho/m; &, = 40.1; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

e Probe: ET3DV6 - SN1507; ConvF(4.96, 4.96, 4.96); Calibrated: 1/23/2004
¢ Sensor-Surface: 4mm (Mechanical Surface Detection)
e Electronics: DAE3 Sn411; Calibrated: 11/6/2003

 Phantom: SAM with CRP - TP1006; Type: SAM 4.0; Serial: TP:1006;

e Measurement SW: DASY4, V4.2 Build 44; Postprocessing SW: SEMCAD, V1.8 Build 112

Pin =250 mW; d = 10 mm/Area Scan (81x81x1): Measurement grid: dx=15mm, dy=15mm
Reference Value = 92 V/m; Power Drift = 0.0 dB
Maximum value of SAR (interpolated) = 11.4 mW/g

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

Reference Value = 92 V/m; Power Drift = 0.0 dB

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

Peak SAR (extrapolated) = 17.8 Wrkg

SAR(1 g) = 10 mW/g; SAR(10 g) =5.25 mW/g

0dB =11.2mW/g
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