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Test report no.: 1-2403-02-02/10-A CWMN

2 Calibration report “Probe ET3DV6”

Calibration Lahoratory of
Schmid & Partner

Engineering AG
Zeughausatrazae 4.3, 8004 Zurich, Switzedand

Schweizerischar Kallhrerdinnst
Hervice suisse d'étalonnage
Servizio svizzero di laratura
Swiss Calibration Service

e e
L P P
Anircdiced by the Swiss Acciedilalion Service [SA5] Aceraditation No.: SCS 108

The Swizsa Accreditation Scrvice IS one of The signatories to tha EA
Multilateral Agresment for the recognitlon of calibivation cerfificates

Cllent  Cetecom ' j Cortificate Ho; ET3-1558_Jan10

CALIBRATION CERTIFICATE

Ohject ET3DV6 - SN:1550

Ciallbratlion procecunes) QA CAL-D1.v6, QA CAL-12.vB, QA CAL-23 w3 and QA CAL-25 v2
Calibration procedure for desimetric E-fleid protes

Calibraticn date- January 20, 2010

Thie calibration cetificate cacimenis e baoeabiliy w national stardards, which realize the paysical units of measursmante (S,
The measuremente and the unc=rainties with confidence arekab lity arc given on he following peges ane sre part of the saitificale.

All calibrafions Fave been conductad iv the closed [@boratuy Tfuci ily. environmienl temperatura (22 + 350 ane horiditg < 70%,

Calibration Equipment used (METE critical for calibratine

Frirnzny Slandards IC & Cal Date (Ceddilicate Mo Scheculed Calbration -~

Powor mooer E4410B GR41205574 1-Agr-02 {He. 217-01017) Apr-10

Power s2nsar E44124 MW 485277 A-Apr-NG Mo 217030 Apr-10

Fower sensor E44130 M4 1486087 1-Apr-05 {Mo. 21 7-21030) Apr-10

Referance 3 dB Atznuaior SM 55054 15 21-Mar-08 Mo 21701026 Mar-10

Rulmunee 20 4B Afenuator Sk SE085 [200) FI-PAar-08 (o 217-01023) War i

Feference 31 48 Atenuator SM: 55129 (30h) 31-Mar-08 (ho 217010273 Mar-7 0

Raferanns Prbe FE3NWV2 e 1 30-Diec-C0 (Mo, ES3-301 5 Decd) Tiac-12

DAEA SN GED 20.5pp-C0 (Mo, DAE4-B50 Sepds) Zep-10

Seconany Slandans [o# Chack Liate {in housa) Scheduled Check

RF ganarstar HP 86450 Ug3a42U0m 700 4-fug-38 {in house seck Cot-05) 1 house check: Oot-11

Mebwork Anzlyzer HR 3753E LE37 380585 18-Cz-01 fin house check Oot-08) N house check: So0
HaTa Function o Signaturs B}

Colibrated by Jeton Kastrati Laboratary Tachnician ‘ fKJ

e

Aaproved by Fatja Pokovic Teshnizal Manager é/gy f ;:i’

lesuad: Jaquary 2%, 2010

“hiz calibration cenificate shal Aol be eprocuced excep: in full withow! wiitten approval of Hie st aloy

Serficate Mo ET3-1558 Jan1C Page 1cf 11

2010-08-25 Page 3 of 40




Test report no.: 1-2403-02-02/10-A CWMN

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zelighausstrasse 43, B00d Zurich, Swilzerland

Behweizerischer Kalibrlerdienst

Servizio svizzero di taratura

5
C Sarvice suisse detalonnage
S guiss Callbration Sarvice

Accraditad by the Swiss Accreditstion Service (SAS) Accraditation No.: SCS 108
Tha Swiss Accraditation Service is one of the signatones 1o the EA
Multilateral Agreemend for tha racognition of calibration certificates

Glossary:

sl lissue simulating iquid

NORM: v, 2 sensitivity i free space

ConvF sonsitivity in TSL /! MORMx. vz

pDCcp dinde compression point

CF crast factor (1/duly eyole) of the RF signal

AB C maodulation dependent linearization paramaters

Polarization o ip rotation around probe axis

Folarizatian & # retation around an axis that is in the plane normal to probe axis {at measurement cenler),

e, 3 =0 is normal b probe axis

Calibration is Performed According to the Following Standards:

a} IEEE Std 1528-2003, "IFEE Recomimended Practics lur Determining the Peak Spatial-Averagad Spocific
Absorplion Rata (SAR] in the Human Head lrom Wiraless Communications Devices: Measurement
Tachnigues”. December 2003

b} IEC 62209-1, “Procadure o measure the Specific Ahsorption Rate {SAR) for hand-held devices usad in dose
proximity to the ear {frequancy range of 300 MHz o 3 GHz)", Feboruzry 2005

Methods Applied and Interpretation of Parameters:
«  MORMx,y.z: Assesscd for E-field pelarization £ = 0 {f = 300 MHz in TEM-cell; T = 1800 MHz: R22 waveguide)
NORM: v z are only intermediate values, i.e., the uncertainties nf NORMx,y 7 does nat eflesl the E - fiald
uncartainky inside TS (see be ow ConeF).

s NORM{fx v,z = NORMzx vz * frequency_response (see Frequency Rosponse Chart). This linearization is
implemented in DASY4 software versions later than 4.2, | he uncertainty of the frequency response is included
in the slasned uncarainty of ConvF.

¢ DCPx yz: DCP are numerical linearization paramelsrs assessed based on the data of power swonp with CYY
signal {no uncertainty required). DCP does not depend an froquency nor media.

o Axyz Bryz Oxyz VRe e A B T are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do nat depend on frequency nor media, VA is the
maximuim calibration range expressed in RME volinge across the diode.

+  Convt and Boundary Effect Perameters. Assessed in flai phantom using E-feld (or Temperature Transter
Standard for f = 800 MHz} and inside waveguide using analytical field distributions based on power
measurements for f = 800 MHz. The samc sctups are used for assessment of the parameters applied for
baundary compenzation (alpha, depth) of which typical uncertainty values are given. Thess paramelers as
used in DASY4 software to imprave probe accuracy close e the boundary, The sensitivty in TSL corresponos
Iy NORMy, y,z * ConsF whereby the uncertainty corfesponds to that given for ConvF. A frequency dependent
CanvFis used in DASY version 4.4 and highar which allows extending the validity from £ 50 MHz ta + 100
MHz.

= Sphercal isoiropy (3D deviglion fum isotropy): in @ field of low gradients realized using a flat phantorn
exposed by a patch antanna.

= Sensor Offzel: The sensor offset carresponds to the offset of virlual measurement center from tha probe tip
{on probe axis). No tolerance required.

Certificats Mo: ET3-15E8 Jan* 0 Fage 2 of 11
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Test report no.: 1-2403-02-02/10-A CWMW

ET3DV6 SN:1559 January 20, 2010

Probe ET3DV6

SN:1559

Manufactured: December 1, 2000
Last calibrated: January 14, 2009
Repaired: January 11, 2010
Recalibrated: January 20, 2010

Calibrated for DASY Systems

{hote: non-comoatible with DASYZ systeml)

Cerifizate Mo ET3 12b9_Jani U Mage 3of 11
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Test report no.: 1-2403-02-02/10-A

CETECOM

ET3DV6 SN:1559 January 20, 2010
DASY - Parameters of Probe: ET3DV6 SN:1559
Basic Calibration Parameters
Sensor X | SensorY | Sensor £ |Unc (k=2)
Narm (uvivim)?® 1.87 1.58 170 | £10.1%
DCP ! 90.8 92.0 B7.2
Modulation Calibration Parameters
Jip Communication System Namo PAR| A B c YR UncE
dB dBuv my (k=2)
10000 cw .00 0.00 0.00 <00 ano L1.5%
2.00 0.00 +o0| =00
0.00 0.00| 1.00] 300

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

* The unzeraintiss of Marm ¥ 2 conet afect e B fiald _rcortainty ingide TEL (sse Fagss & and &5

4 Mumsrical linaarization paramater, uncertany not reg. s

Unesdzimy 15 detzmnined Ui rg the ivaxirmumm davistion from | rear -eaporze appying recalasgular deshibubion and is exoreseee for the aquars of he fied wluz,

Cerlizate Mo ET2-1358 lan1d

Page 4 af 11

2010-08-25
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Test report no.: 1-2403-02-02/10-A CWMW

ET3DVE SN: 1559

DASY - Parameters of Probe: ET3DV6 SN:1559

Calibration Parameter Detormined in Head Tissue Simulating Media

January 20, 201{¢

1 [MHZ] Valid ity [MHz]" Pemittivity Conductivity ConvFX ConvFY ConvF 2 Alpha Dopth Unc (k=2)
450 + 50 =100 435 =5% 087 +5% T.23 e T.23 .28 167 +133%
Hib + 50+ 100 418 £ 5% Q.80 + 6% 6.40 §.40 G40 036 235 £11.0%
800 50 F£ 100 415+ 5% 087 £ 5% G.21 fi#1 621 0.35 245 £11.0%
1640 + 60 +100 40.3 £ 5% 128 £ 5% 5.49 548 548 0.40 312 £11.0%
1750 50/ +100 40,1 + 5% 1.37 £ 8% 5.29 5.28 529 042 2853 +11.0%
1850 £ 50/ 100 400 + 5% 1.40 + 5% 1,87 487 4 87 D58 217 £11.0%
2180 + 505+ 101 3T +8% 153 ££% 4.83 433 4.83 093 179 £11.0%
2450 £ 50+ 100 9.2+ 5% 1.80 £ 5% 4.42 4.42 4.42 0.99 1.70 £ 11.0%

" e validit of 1100 MHe Snly e ies for DASY wha snd righer (se= Jzge 25 |22 uacariainly is the RSE of tho GonwF unzersinty at caliorahor fequency

arg the unoadairty for the ndicstes freguency band

Certificate Wo: ET3-1509 Jan10 Prga 5ol 11

2010-08-25
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Test report no.: 1-2403-02-02/10-A CWMW

ET3DV6 3N:1559 January 20, 2010

DASY - Parameters of Probe: ET3DV6 SN:1559

Calibration Parameter Determined in Body Tissue Simulating Media

f MHz] validity [MHz]"  Permlttivity Conductivity ConvF X ConvFY  ConvEZ Alpha  Depth Unc [k=2}
450 + 507+ 100 S6.7 £ 5% .04 + 5% 783 TH3 T.E3 20 1.87 £133%
B35 £ 504+ 100 55.2 £h% 0.57 & 5% 8.20 8.20 5.20 0.35 256 = 11.0%
2 ala] £ 50100 55.0 £ 54 1,05 % 3% 6.04 6.04 6.04 030 293 £11.0%
1840 130 L10D a3 8+ 5% c 40+ 5% 3.29 5.35 5.35 0.53 348 £11.0%
17ad +alf+100 634 + 5% 149 + 5% 4,83 4 83 423 0.60 A1 £11.0%
1860 =40/ £ 100 933 +£5% 1.52+5% 467 467 457 D91 231 £11.0%
2150 =50/ +10C 53.0 + 5% 1.75 %+ 5% 4.42 4.42 4.42 0ag 220 +11.0%
2450 =60/ 100 527+ 5% 188 £ 5% 404 404 404 085 1.79 £11.0%

S Thie il ity 17+ 100 MHz only 3palis2 for DASY wé.d anc hlgaa (ses Paga 25, T-a uncamsirty 12 the KBS ot he Uone™ xoeainty at alibates freguency

and t1e uncerainty far the Indizated frequarcy hand,

Cerificale Mo ET3-1558_Jan10 Papz G of 11

2010-08-25 Page 8 of 40



Test report no.: 1-2403-02-02/10-A CWMN

ET3DVE SN:1550 January 20, 2010

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

Frequency response (nommalized)
-

0 500 1000 1500 2009 2500 3000
f [MHz]

ns i
| —— 1M —e—Rzz ‘

Uncertainty of Freguency Response of Efield: £ 6.3% (k=2)

Catificate Mo ET3-1559_.an1d Paga 7 af 11
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Test report no.: 1-2403-02-02/10-A CWM ;

ET3DVE SN:1559 January 20, 2010

Receiving Pattern (¢), $ =0°

f =600 MHz, TEM ifi110EXX f = 1800 MHz, WG R22 ‘

——y ——Y ——y —O=Tt

| —o—33 WHz
i | e e
—8—GIC Mz
—8— 1300 MFz
—A— 2500 Ml 2

0 40 120 180 240 330
L1y

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

Certificatz Mo CT3-1358_Jan1d Pege 3 of 11

2010-08-25 Page 10 of 40




Test report no.: 1-2403-02-02/10-A cm"ﬁng

ET3DVE 3N:1359 January 20, 2010

Dynamic Range f(SAR..4)
{Waveguide R22, f = 1800 MHz)

1E108

1EI05 4 -

1.F+04

ft

Edda

Input Signal [1v]

1+

TR+

1LE+I0 ‘ I ! I
oo 0001 Q.01 o1 1 10 100
SAR [mWicm®]

—&— ot companested ——GOIT PRS0

VX1 | A | I 1151 ‘- T rt | |
2 | ‘ | | i ‘ L
50.2* -|- . || 1 L 1||+
Boo s [T Sl4ipls e o[ o/p/p of ol ol0
G2 AT TR T il

oe | 5

1.0 - '

0.0Mm a0 0 0 o

SnR[mW.fcmg]
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cerifizate Ma: ET3-1353_Jan10 Pzge 3 of 11
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Test report no.: 1-2403-02-02/10-A

CETECOM

ET3DVE SN:1559

January 20, 2010

Conversion Factor Assessment

=900 MHz, WGLS RY (head)

] 10 0 K]
z[mim]

—B— Ay il == Wi rants

f=1750 MHz, WGLS R22 {head)
20 |

z[mm]

—B— fralytca ——Mezsurzmens

Deviation from Isotropy in HSL
Error (¢, 9), T = 900 MHz

Error [dE]

B 1200580 000060 BOo)-odq) 00200 @-0.200.00

Eo.Bu-1.00

O0o002x EO20C4T BANSNAD E0G00 20

Uncertainty of Spherical lsotropy Assessment; £ 2.6% (k=2)

Cerifizate Mo CT3-1559_Jan10

“ags 10 of 11

2010-08-25
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Test report no.: 1-2403-02-02/10-A

CETECOM

ET3DVE SN:1559

Other Probe Parameters

January 20, 2010

Sensor Amrangement Triangular
Canneclor Angle (%) Mat applicablé
Mechanical Surface Detection Mode enabled
Cptical Surface Detection Made enabled
Prote Qverall Length 337 mm
Frobe Bady Diamater 10 mm
Tip Length 10 mm
Tip Biamster 8.8 mm
Prabe Tip o Sensor X Calibralion Point 2.7 mm
Probe Tip to Sensar ¥ Calibration Point 2.7 mm
Frobe Tip to Sensor £ Calibration Point 2.7 mm
Recommended Mzasurement Distance from Surface 4 mim

Cortihzate Ma: ET3-1550 _an10 Page "1a7 1

2010-08-25

Page 13 of 40



Test report no.: 1-2403-02-02/10-A CWMN

3

Calibration report “900 MHz System validation dipole”

; . it

Cali bratmn Laboratory of S *if:;? Sehweizerischer Kalibrierdienst

Schmid & Partner Foo— 2 Bervice suisse d'étalannage
Engi neering AG Bervizio svizzero dl taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Callbration Service

Accredited by the Swiss Accreditation Service (SAS) Accraditation Mo SCS 108
Tha Swiss Accreditation Service 13 ona of the signatories to the EA
Multilateral Agrasment for the recognition of calibratlon certiticates

Client Cetecom Gertificate No: D900V2-102_Aug09

|CALIBRATION CERTIFICATE

Oihject D002 - SN: 102

Calibration procodurals) QA CAL-05 v/
Calibration procedure for dipale validation kits

Calibration dsts: August 17, 2009

Canditian of the calibrated item In Tolerance

This calibration cerfficate documents the frcasbility to natienal standards. which realize the physical units of measurameats (51
The measurements and the unrertaint es with confidence urobatility are given an the fallowing sages and are part of the cerlificate,

Al cal brations have been condusted in he cosed laboratery facllily: soviranment femperatu-e (22 £ 3°C and humidity < 7%,

Calibralion Eyuiprr ent used (ME&TE critical for calloration)

Primary Standards I 10 # Cal Data (Cerlilinate No.) Scheaduled Calibration
Prwwer meter EPM-dg28, CEATARDTO4 08 Col-08 (Mo, 217-00838] Q=05
Prowier sarsor HP 1814 | UB3v2092785 08-0:4-08 Mo, 24 F-00898) Qo DE
Referenoe 20 cB Attenuatar SM: G036 (20g) J1-Mar-08 {Mo. 217-01025) Par-10
TR mnisimaleh coribinatior SM: 5047.2 F Q8327 31-Mar-08 (Mo, 217 o1u2g)y Mar-10
Reterence Jrobe ESI0V SN 3205 26-Juin-08 {Na. ES3-3205 Jong) Jun-1C
DRE4 SM: & O7-Mar-0& (Ma. DAE4-801_Mar0g) Mar-10
Secondary Slancards ID# Check Diate (in house) Seheduled Sheck
Powen sunsor HP 84814 [ MvainzaatT 18-0t-02 [in house chock Oat-07) In house chack: Oct-03
RF generator RAS S\IT-L6 100005 A-Aug- (in honsa check Cot=17 In house creck: Oct-0d
Mabwork Analyzer HP 8TR3E LIS 3¢ 390505 54406 18-00t-01 {in house check Oct-08) In house caeck: Oct-0g
Marme Function S gatune

Calibratad by: Jetan Kesirat Laberatary Tachnician ZL I;" /

= e . I’ o

e

Approved by Katja Pokovic Technica Manager /% /
At L/}f‘i/g

lgsued: August 18, 2004

Thig calibration cerilicate shall rat be reproduced except in full withour weiten appraval of he laboalory.

Cerificatz Mo: DI0OWV2-102_Aug09 Page 1 of 9

2010-08-25
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Test report no.: 1-2403-02-02/10-A CWMW

Calibration Laboratory of
Schmid & Partner
Enginsering AG

Favghausstrasse 43, B0 Zyrich, Switzerdand

Schweizerischer Kallbrlerdianst
Bervice sulsse détalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Acoreditaton Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accreditatlon Sarvics ie ona of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

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) |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 Technigues”, December 2003

b} IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC QET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofreguency
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 Bullatin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
o Measurement Conditions: Further details are available from the Validation Report at the end
af the certfficate. 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 ils 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 Refurn 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 connecter to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Flectrical Delay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required.

« SAR measured: SAR measured al the stated antenna input power.

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

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

Certificale No: DA00V2-102_Aug0d Pags 2 of 9

2010-08-25 Page 15 of 40



Test report no.: 1-2403-02-02/10-A

CETECOM

Measurement Conditions

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

DASY Version

DASYS

WVE.Q

Extrapolation

Advanced Exlrapolatian

Phantom

Madular Flat Pharilom Y4.9

Distance Dipole Center - TSL

15 mm

with Spacer

Zoom Scan Resolution

dx, dy, 0z =5 mm

Frequsency

800 MHz £ 1 MHz

Head TSL parameters

The following parameters and caloulalions were applied.

Temperature Permittivity Conductivity
Neminal Head TSL parameters 2200 41.5 0.87 mhoim
Measured Head TSL parameters (220 £0.2)*C 404 6% .96 mho/m + 6 %
Head TSL tempersture during test {220 £0.2)"°C R —

SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condilian
SAR measurad 250 mW Inpul power 2B mWig
SAR normalized normalized 1o 1W MImWig

SAR for nominal Head TSL parameters |

normalized to 1%

113 mW /g £17.0 % (k=2)

SAR normalized

SAR avaraged over 10 cm® (10 g) of Head TSL candition
SAR measured 250 mW input power 1.80 mWw /g
normalized to 19 T20mW f ¢

SAR for nominal Heac TSL parameers |

normalized fo 1V

7.21 mW /g * 16.5 % (k=2)

Certificate No: D300V2-102_Augig

Correclion o nominal TSL parametess according Lo dy, chapter *SAR Sensitivities®

Page 3 of o

2010-08-25
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Test report no.: 1-2403-02-02/10-A CWMW

Body TSL parameters
The following parameters and calculations were epplied. .
Temperature Parmittivity Conductivity
Mominal Body TSL parameters . 220°C 55.0 1.05 mhadm
Measured Body TSL parameters {(220+02)°C 2T +t6% 1.06 mhoim £ 6 %
| Body TSL temperature during test {220+02)°C -am ———
S5AR result with Body TSL
SAR averaged over 1cm” {1 g) of Body TSL Condition
SAR measured 250 mW input power 288 mW /g
SAR nommalized - narmslized to TW 11.5m\W /g
SAR for nominal Body TSL parameters narmalizad ta 1w 11.3 mW /g £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power a 1.85mW /g
SAR normalized normalized o 1w 740 m\Wig
SAR for nominal Body TSL parameters = normalized to 1W 7.32 mW /g £ 16.5 % (k=2)

2 Correction ta nominal TSL oarameters ascording to d), chapler "SAR Sensitivitizs”

Certificate No: DI00V2-102_Aug09 Page 4 of 9

2010-08-25 Page 17 of 40



Test report no.: 1-2403-02-02/10-A CWMW

Appendix

Antenna Parameters with Head TSL

Impedance. transformed to feed paint 49810 -42j0 -|
Retum Loss -27.54B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4580 -58j0
Return Loss | -22.8 4B

General Antenna Parameters and Design

Electrical Delay (one dirsction) 1408ns

After long lerm use with 100MY radiated power, only a slight warming of the dipcle near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feecing line is directly cannected to the
second arm of the dipole. The antenna is therefore shorl-vircuiled for DC-signals.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 24, 2001
Carlificate Mo: DS0OV2-102_AugDg Page S ol 9
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Test report no.: 1-2403-02-02/10-A CWMW

DASYS Validation Report for Head TSL

DateTime: 10.08.2009 12:21:29
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 200 MHz; Type: D0V Serial: DOV - SN:102

Commmunication System: CW-900; Frequency: 900 MHe;, Duty Cycle: 1:1

Medium: TIS1. 900 MHz

Medium parameiers used: [— 900 MHy; o = 0,96 mho/m; ¢, = 40.4: p = 1000 ke/m*
Phantom zection: Flat Section

Measurement Standard: TIASYS (IEEEIEC)

DASYS Configuration:
& Probe: ES3DW3 - SW3203; ConvF{IBKE, 584, 3887 Calibrated- 26,00, 20409
= Sensor-Surface: 3Imm Mechanical Surlace Dotovtion)
e [lechomivs: DALD Snod]; Calibrared: 07.03 2000
®  Phantom: Flat Phantom 3,972 Type: QDOO0P49AA; Serial: LI

e Cdeasweermenl S DASYE, VAL Build 120; SEMCADR X Version 13.4 Build 45

Pin=250mW; dip=13mm/Loom Scan (7x7x7)yCube 0: Measurement grid; dx=5mn1, dy=5mm,
de—5rmm

Reference Value = 59.9 Vim: Power Drill = 0.038 B

Peak SAR (extrapolated) — 4.28 Wike

SAR(I gy =281 mW/g; SAR(10 g) = 1.8 mW/p

Maximum value of SAR (measured) = 3.27 mWig

dB
i}

-2.28

-b. 84

J6B =327mw

Cerificate No: DEOWVI-102_Aug0d Page 6 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Duted Time: 17.08.200% 10:47 05
Test Luboratory: SPLAG, Zurich, Switzerland
DTT: Dipole 900 MHz; Type: D900V2; Serial: DYOOV2 - SN:102

Communication System: CW-500U; Frequency: 900 MHz; Duty Cyele: 1:1

Medium: MS1.900)

Medium paramcters used: =900 MHe: 6 — 1.06 mho/m; 5 — 52.7; p = 1000 kg.-"m"
Phantom section: Flat Section

Measurement Standard: DARYS (ITEEILRC)

1JARYS Configuration:
o Prohe: TS3DV3E - SM3205; ConvF(5.81, 581, 3.81); Calibrated: 26 062000
s Hensor-Surfacer 3mm (Mechanical Suefice Delestion
8 Flectronics: DATA S0601; Culibraled: 07032009
& Phantom: Flat Phantom 4.90.: ' ype: QIN00P4IAA; Serial; 100]

®  Neasurement SW: DASYS, VA0 Build [20; SEMCAD X Version 13.4 Build 45

Pin=250mW; dip=15mm; dist=3.0mm/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx—5mm, dy—3mm, dr—5mm

Reference Value — 58.3 Vi/m: Power Dritt = 0.00443 dB

Peak SAR (exmapolated) = 4.3 Wikg

SAR(] £)=2.88 mW/g; SAR(10 g) = 185 mW/g

Maximum value o SAR {measured) = 3.37 mW/g

R
n

0dB =33TmWig

Cartificate No: DRO0VI-102_augd2 Sagedofd
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Impedance Measurement Plot far Bady TSL
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4  Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

5 Sehweizerischer Kalibrierdienst
Service sulsse d'élalonnage
Sarvizio svizzere di 1aratura

8 Swiss Callbration Service

Aceredited by the Swiss Accreditation Service (SAS) Accreditation Na.: SCS 108
The Swiss Accreditalion Scrvies is one of the signatories ta the EA
Multilateral Agreement for the recognition of callbration certificates

cient  Cotecom T e ] | Gertiicate No: D1900V2-50008-Aug0g
CALIBRATION CERTIFICATE |
Otjest D1900V2 - SM: 5d008 e 7 = |
Callbration prossdurals] | QA GAL-05.v7 A i

Calibration procedure for dipole validation kfts

Calioration date; I August T 8,20’0’9

Condition of the calibratzd tem | |n Tolerance

Trls calibration cerlificate dosuments the treceebility to national standards, which realize the physical units of measurements [51).
Tha measuements and lhe uncertzirties with confidence probatiliny are given on tha lalkewing pages and ars part of the cedifizate.

All zalibraticns have been conducteu in he rlassd laboracory faclity: environrent tamparaturs (22 « 3°C and humiaity « 7%

Calibration Equipment used (METE critical for colloration )

Primary Stardards ) D # Ca Date (Calibrated by, Certificale MNo.) Seheduled Calibratior
Favear matar EPW-4450, CBIFAROT04 OH-Oct-N8 (No. 21 7-00898) Qct0n E
Prowezr sensor HP 848- 4 UB3729:733 (8-Cot-UH (No. 21 7-00898) Oht-08

Hataranca 20 dE Aftenuator SM: SiNAE (20} 31-Mar-09 (Mo, 217-01 (5] Mar-1o

Tyne-N mismach comibiratian SM: soay 2 nEEar 31-Mzr-28 (No. 217-01028) Tar-10

Roference Probs ESZ0VE BM: 52nh 26-Jun-08 (Mo, ES3-3205 Juniy) Jun-10

DAE4 SM: &0 Q7-Mer-22 (Mo, DAES-GI_Ma-na) Idar-14
| Secondarny S:andards 1D # Check Date in house) Sehaduled Sheck
Payer sensor HE 24814 MY 1092317 18-0ct-02 {ir howse check Oct-07) Inhouse check: Oct-02
RF genarator R&S SMT-08 ONI0S 4-3Ug-93 (in hause check Oct-07) In house creck: Oct-09
Metae-k Analyzer HE B753E USITE00685 24206 18-0et-01 {in hiousa chack Dot-0a} In housa chzek: Oct-0a

Marre ) Funitian Signztura
Calibrated by Clrudio Leubler Laboratory Tashnlcian f

Approved by Kaffa Pokavia Tooknical Maragar 7 :? %j&
AN - S

lagued: Agqust 19, 2039

Triz calibralion serificate shall not be reproduced except in full withau. veillen appoval of tie laboratony

Cerlificatz Mo: D1900V2-5d008 Auglg Fage 1ot 9
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughaugstrasge 43, 8004 Zurleh, Switzerland

Schwelzerisehar Kalibrierdienst
Service suisze d'étalonnage
Bervizlo svizzera di faratura
Swigg Calibration Serviea

Accreditad by tie Swiss Accreditation Sarvice [SA%) accreditation No.: SCS 108
The Swiss Accraditation Service is ane of the slgnalories o The EA
Multilateral Agreement for the recognition of celibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y.z
M/A not applicable or not measurad

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 hurman exposure to electromagnetic fields from mobile phones (300 MHz - 3
GHaz), 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
Fortable Devices with FCC Limits for Human Exposurs to Radiofrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 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 slated in the certificate are valid at the frequancy indicated.

= Amenna Pararneters 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.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phamtom. 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.

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

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

Canificats Moo DM900V2-5d009_Auga Page 2 of 8
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Measurement Conditions
DASY system configuralion, as far as not given on page 1.

DASY Version DASYS V5.0
Extrapolation Advanced Extrapolation

| Phantom - Maedular Flat Phantem V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm l
Freguency 1500 MHz 2 1 MHz

Head TSL parameters
The following parametars and caloulationa wers appliad.
Temperature Permittivity Conductivity
Nominzal Head TEL parameters 22.0°C 40.0 1.40 mho'm
Measured Head TSL parameters 22.0+02)°C 408 +6% 1.45 mho/m + 6 %
Head TSL temperature during test [22.0 £0.2}°C -
SAR result with Head TSL

SAR averaged over 1 em® {1 g) of Head TSL condition
SAR maasured 2 250 rmW input power 10,1 mW /g
SAH normalized normalized bo 1W 40.4mW / g
SAR for nomina! Hezsd TSL paramelers ' notralized to AW 39.7 mW 7 g = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Haad TSL Condition
SAR maasurad 260 MW input powsar 528mW g
SAR normalized nomalized o AW 211miW iy

| SAR for nominal Head TSL parameters normalized w 1W 21.0 m\W 7 g = 16.5 % (k=2)

! Correction to nominal TS parameters according to d), chapler “SAR Sensitivitias™

Cerificatz No: D1900W2-5d009_AuLg09 Page 30l 9

2010-08-25
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Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittlvity Conductivity
MNominal Bedy TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL paramaters (22.0 £0.2)}°C 53915 % 1.57 mhodm + G5 %
Body TSL temperature during test 220+0.2)°C
SAR result with Body TSL
SAR averaged over 1 em® {1 g} of Body TSL Condition
SAR measured 250 W input power 10.2mW /g
SAR normalized namalized Lo 1 ADEmMW fg

SAR for nominal Body TSL parametars *

nommalized 1o 1W

401 mW /g £17.0 % (k=2)

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

condition

SAR mzasured

250 MW input pawar |

5.33mW g

SAR normalizad

normalized w 1W

SAR for nominal Body TSL pararmeters

normalized o 1W

21.3mW g
211 mW { g = 16.5 % (k=2)

# Carmection to nominal T31 parameters according ta d), chapler “SAR Sensitivitics™

Cartificate No: D1900V2-54009_Augld

Page 4 of §
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Appendix
Antenna Parameters with Head TSL

| Iinpedance, transformed to feed point Bo.2 0+ 150
| Return Loss -374dB

Antenna Parameters with Body TSL

Impedance, tranaformed to frad point 4610+ 220

Fetum [ oss - 26,7 dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.188 ns

Aller lony tarm use with 100W radiated pows-, only & slight warming of the dipcle near the feedpoint can ba measured.
The dipule is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly cornected to tha
secand amm of the dipole. The antenna is therelore short-circuitad for DC-signals.

Mo excesslve force must be applied to the dipole arms, because they might band or the soldersd connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

| Manufactured cn February 22, 2002

Certificate No: D1900Y2-5d009_Aug 09 FPage 5ofg
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DASYS Validation Report for Head TSL
Date/ lime: (5082009 13:43:12

Test Labaratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1Y00V2; Seriul: D1900V2 - SN:5J009

Communication System: CW, Trequency: 1900 MHz; Duty Cyele: 1:1

Medium: TISI.TU11 BB

Medium paramelers used: = 1900 MITz; a = |45 mhofm; £ = 40.8; p = 1000 ka/m’
Phantom section: Flat Section

Measurement Standard; DASYS (IEEE/AEC)

DASYS Confipuration;
¢ Probe: ES3DV3 - SWNE205: ConvFCR00, 509, 5090 Calibrated: 26.06.2009
= Hensor-Surfacs: mm (Mechamical Sorface Dewectiog)
s Tlectomivs: DAED Snt01: Calibrated: 07003, 2009
e Phantom: Flat Phantorn 500 Cvonn; Type: QDOOOEI0AN; Sacial: 1001

& Messutement SW DASYS, VA0 Build 120 SUEMCAT X Version 13,4 Build 435

Pin = 250 mW; dip = 10 mm, scan at 3.0 mm/Zoom Scan (dist=3.0 mm, probe (deg)
(7x7x7 ) Cube 0: Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 95.6 Vim;: Power Dritt = (0036 dRB

Peak SAR (calrapolated) = 8.5 Wikg

SAR(L g} = 10.1 mW/g: SAR(10 g) = 5.28 mW/g

Maximum value of SAR (measurcd) = 12.3 mW/e

0dB = 12.3mW!z

Carificate No: D19C0V2-5d008 Augls Page s of 9
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Dhate/Vime: 18,08.2009 13:30:35

Test Laboratory; SPEAG, Zurich, Swirzerland
DUT: Dipole 1900 MITz; Type: D19V 2: Serial: D19V - SN:5d009

Communication System; CW; Frequency: 1900 MHz: Duty Cyela: 101

Mediuwm: MSL U100 BB

Medium parameters used: f = 1900 MHz, o= 1.57 mho/m: &, = 53.4; p= 1000 kg;’uf
Phantom section: Flat Scetion

Measurement Standard: DASYS (IEEE/IRC)

DASYS Configuration:
*  Prohe; TRIDWVE - SNZ205: ConeTid,59, 4,59, 4390 Calibrd: 26,06.2004
*  Sensor Surface: 3mm (Mechanical Surface Deleciion)
*  Bleciromics; DAES Spdd s Calilvaed; 07032008
®  Phantom: Fat "hamam 3.0 (back); ‘Type: QDOOPSOAA; Seral: 1002

®  DMleaswremen, SWo DASYS, WD Buikl 120; SEMCAL X Verdion 13,2 Build 45

Pin = 250 mW; dip = 10 mm, scan at 3.0mm/Zoom Scan (dist=3.0mm, probe deg)
{Tx7x7)Cube 0: Measurement grid: dx=3mm, dy=5Smm. dz=5mm

Reference Valuc = 96 Vim; Power Drift = -0.00504 dBR

Peak SAR (eXlrapoluled) = 17.3 Wike

SAR( g) = 10.2 mW/g; SAR(10 g) = 5.33 mW/g

Masimurm value of SAR (measured) = 12.9 niW/yr

| 342
-G.04
A0

137

=174

NdB = 12.9mw/y

Certiticate No: 01800V2-54008_Aug0a Page B of &
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Impedance Measurement Plot for Body TSL
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Impedance Measurement Plot for Body TSL
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5

Calibration certificate of Data Acquisition Unit (DAE)

Callbration Laboratory of
Schmid & Parther

Engineering AG
Zoughausstrasee 43, 8004 Zurich, Switzsrland

Accredited by the Swiss Accreditation Service (SA5)
Tha Swiss Accraditation Servics is one of the signatarias o the EA
Multilateral Agreement for the recognition of calibration certificates

client  cetecom

Schweizerischer Kalibrierdienst
Service sulsse ddtalonnage
Bervizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

[CALIBRATION CERTIFICATE

Bbjgict DAE }000 DO3 AA-SN: 413

Callbraton procadure(s) Q}\_m-ﬁﬁ_ﬂz_ o

January 4 2040 T

Calibration dale:

Calibration Equiprient usad [METE critical for calibration)

| Primary Slandards | Vg Crl Date (Cenificate Ma )
Kelthley Mulimeter Type 2001 [ sn: om10278 1-0ct-09 {Ha: 9035)
Secondary Standards [io# Check Date {in house)

‘Calibration prog‘ejudurac.fer»thé_»_@aﬁ%éiﬁqi;jsiﬁeqﬂ-élaﬂmi?ﬁ

This calibration certificate documents the racezbllity to national standards, whizh realize the physical units of measurements (S1).
The measursments snd the unoerinties with confidence probahility are given an the following pages and are part of the certificate.

&l calibraticns have basn conducted in the closed laboralory fagility: enirmonmeant tamperature (22 + 3)°C and aumidity = 70%.

Scheduled Callbration
Det-10

Suhaduled Checy

Calibratar Bex 1.1 SE UMS 006 A3 1004 05=Jur-08 {in house check)

Naine
Calibrated by: Danigl Hess
Approved oy; Fin Bormholt i

This calibration cerlficate shall not be repradurcad excepl in full withoul wrillen approval of the |=barataory.

In house check: Jun-10

Izgued: Jaruary 4, 2010

Certificate Mo: DAEZ-413_Jan10 Fage 1of 5
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e

6 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

Item SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation to test of first articles.

Complete tests were made on the pre-series Type No. QD 000 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called samples).

Test Requirement Details Units tested

Shape Compliance with the geometry IT'IS CAD File (*) First article,
according to the CAD model. Samples

Material thickness | Compliant with the requirements 2mm +/- 0.2mm in First article,
according to the standards specific areas Samples

Material Dielectric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be Liquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] |EEE P1528-200x draft 6.5

[3] I1EC PT 62209 draft 0.9

(*) The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3].

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard [1] and draft standards [2] and [3].

Date 18.11.2001

/,/Z“;’/’% Schmid & Partner %;\/ﬁ;ﬂ,/gv/ﬁ

Signature / Stamp Engineering AG

Zeughausstrasse 43, CH-8004 Zurich
Tol-gi-‘1 1 245 97 00, Fax +41 1 24597 79

Doc No 881-QD 000 P40BA-B Page 1(1)
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7  Application Note System Performance Check

7.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

7.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment“-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

* The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within £ 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance® should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

» The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

7.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

* Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard \
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [+1.9% +1.9% 0
Hemispherical isotropy 1 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% +3.9% ©
Boundary effects +1.0% Rectangular [V3 [1 1 1+ 0.6% 1+ 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Readout electronics £1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% ©
Integration time 1+ 0.0% Rectangular [V3 [1 1 1+ 0.0% 1+ 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner +0.4% Rectangular [V3 |1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 [1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |+1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+2.5% Normal 1 06 |0.49 |+1.5% +1.2% 0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard \
Value Distribution |[sor |1g 10g | Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [0 0 %0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 |0.7 |0 0 0
Boundary effects +1.0% Rectangular [V3 [1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 %0
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics £1.0% Normal 1 1 1 0 0 ©
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 ©
Integration time +0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 0 0 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 [1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |+1.6% +1.1% ©
Liquid permittivity (target) |+5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 |0.49 |+1.5% +1.2% 0
Combined Uncertainty +5.3% +4.9%
Expanded Std. +10.6% +9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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7.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB v
Signal Low cable
Generator Pass 1 —— : } @
Att3
Att2 |;
S @
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

+ The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

* The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

» The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.
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* Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

» Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

7.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

7.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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