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Test report no.: 1-1775-01-14/09 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
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Test report no.: 1-1775-01-14/09 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.: 1-1775-01-14/09 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.: 1-1775-01-14/09

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

2010-05-11
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Test report no.: 1-1775-01-14/09 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

2010-05-11

Page 7 of 51



Test report no.: 1-1775-01-14/09 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

2010-05-11 Page 8 of 51



Test report no.: 1-1775-01-14/09 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

2010-05-11 Page 9 of 51




Test report no.: 1-1775-01-14/09 CWMN

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

2010-05-11 Page 10 of 51




Test report no.: 1-1775-01-14/09 cm"ﬁng

ET3DVE 3N:1359 January 20, 2010

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

1E108

1E105 4

1 F+04
=
=
Té :
B1E+D2 |
o i s
5
=3
1=
1.e+0E
1.E+U1
1.E+0 ‘ || | |
001 Q00 Q.01 0.1 1 10 100
SAR [mWicm®]
—&— ot companested ——GOIT PRS0
1.0 ; —r
| ik .
D.ﬁ‘ ‘|H| [17] ‘ ‘
Goat IR 11|
8oz -|- L l LI
B2 I Jiam
G |
1.0 -
0.001 a.o 01 ] O
SnR[mW.fcmg]
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cedificate Mo ET3-1359_Jan10 FPage 9 of 11
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Test report no.: 1-1775-01-14/09

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

2010-05-11
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Test report no.: 1-1775-01-14/09

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

2010-05-11

Page 13 of 51



Test report no.: 1-1775-01-14/09 CWMN

3

Calibration report “Probe EX3DV4”

Calibration Laboratory of Schwelzerischer Kalibrierdianst
Schmid & Partner Bervics sulsse M atalonnage
Bervizio svizzero di taratura

Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Ancreclited by the Swiss Accreditation Service (BAS) Aceredltation No.: SCS 108
The Swiss Accraditation Service is one of the signatories to the EA
Multllateral Agreemem for the recogniifon of callbredlon certificaies

Objact

Calibraticn procedu res)

Zallbraton cate:

Sonditive of the calitnaled ibem

This calibeation cerificate dacuments the traceability to national standards, which realize the physical units of measurements (S,
The massuremants and the uncartainiies with confidence probabilily are given on the fallowing peces and ara part of the cerificats.

All calibrations hene basn cordusisd in the closad laborgtory f=eility: envircnment tamperaturs (22 + 3)7C and humidity < T0%.

Calibration Fauipment used {MATE erifical for callbration)

Primary Stendards & Cal Date {Certiflcate No.) . Scheduled Callbration
Power meter Z44156 CE41203874 1-Apr-08 (Mo, 21 7-01030) Apr10
Power sensor E44124 4148527 T 1-Apr-08 (Mo, 217-01080) Apr-10
Power aanecr E44124 MY 4148608 TAprOY (Mo, 21701050 ApE-10
Raference 3 dB Attanuator SNz 36004 [3c) 31-Mar-08 (Mo, 217-010267 Mar-10
| Refarsrce 20 dR Attenuator SN S508E (201) 31-Mar-08 (Mo, 217-01028; Mar-10
Referarce 30 48 Attanuaicr SM: 35128 {300} 31-Mar 09 (Mo, 217 (1102T) Mar-10
Referance Prabe CS30V2 Sh 33 2-Jan-08 (Mo, ES3-3013_.Jan08) Jan-10
DAEd Sh: 880 S-Sep-08 (Mo. CAES-B60_Sep0B) Sap-09
Secondary Standants o4 Chack Date {in house) Scheduled Check
HE generator HP 88487 US3842001700 4-Aug-949 {in house chack Oct-0T) In house check: Qct-0
WNetwork Analyzer HP §753E 337390585 18-0ci-01 [in housa chack Col-08) In hnuse check: Oct-N9
Hame Funtian Slgnature
Calibretad by:
Approved by

|asued: August 22, 2009

This calibration canificatr shall not be reproduced exceplin full withoul writtsn approval of the labosatary.

Certificate No: EX3-3586_ougDd Paga1ofg

2010-05-11

Page 14 of 51



Test report no.: 1-1775-01-14/09 CWMW

Calibration Laboratory of 3“';5;5’,';-,3 Sehwalzerischer Kallbrierdienst
Schmid & Partner 2 &"_' el Service auisse d'Gtalonnage
Engineering AG =T Bervizio svizzero di taratura
Zaughaussirasse 43, 004 Zurich, Swhzeriand f{:ﬁ\‘,@ Swiss Callbration Service
Accredited by the Swiss Accraditation Service (SA3) Accreditation No.: SCS 108

The Swise Accreditation Service |2 one of the signatories to the EA
MulHilatersl Agreement for the recognilion of calibration certiflcates

Glossary:

T5L tissue simulating liguid

NORMX,Y,Z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y,z

DCP diode compressian point

Polarization ¢ wp rotation around probe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., % = 0 is normal io probe axis

Calibration Is Performed According to the Following Standards:

a)

b}

Metho

Cartificat

|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 Techniques”, December 2003

IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
davices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

ds Applied and Interpretation of Parameters:

NORMx,y.z: Assessad for E-field polarization 8 = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncerainties of
MNORMzx,v,z does not effect the E>field uncertainty inside TSL (see below ConvF).
NORM(Ax.y,z = MORMx,y,z * frequency_response (see Frequency Response Chart). This
linearization is implamented in DASY 4 software versions later than 4.2. The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). 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 = 800 MHz) and inside waveguide using analvtical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation {alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 sofiware fo
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMx, v,z * ConvF whereby the unceriainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending
the validity from & 50 MHz to £ 100 MHz.

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (an probe axis). Ne tolerance required.

& Mo: EX3-3566_Augld Fapge 2 of 8

2010-05-11
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Test report no.: 1-1775-01-14/09 CETECOMW
C s

EX3DV4 SN:3566 August 21, 2009

Probe EX3DV4

SN:3566

Manufactured: February 14, 2005
Last calibrated: August 19, 2008
Recalibrated: August 21, 2009

Calibrated for DASY Systems

{Nate: non-compatible with DASY2 systemt)

Carlifigate No; EX3-3568 AugDy FPage 3 of 8

2010-05-11 Page 16 of 51




Test report no.: 1-1775-01-14/09

CETECOM™

EX3DV4 5N:3566

August 21, 2009

DASY - Parameters of Probe: EX3DV4 SN:3566

Sensitivity in Free Space™ Diode CompressionB
Normx 0.32 £10.4%  uviivim)® DCP X 90 mv
NormY 0.47 = 10.1%  pVIVImY DCPY 87 mv
NormZ 0.43 = 104%  pVAVIm) DCP Z 77 mV

Sensitivity in Tissue Simulating Liquid (Ccnversion Factors)

Please see Page 8.

Boundary Effect

TSL 5200 MHz Typical SAR gradient: 25 % par mm
Sensor Center to Phantom Surface Dlstance 20mm 3.0 mm
SRy [¥0] Without Gorrection Algorithm 18.2 126
SARR: [¥0] WYith Correction Algarithm 0.8

TSL 5800 MHz Typical SAR gradient: 30 % per mm
Senszar Center to Phantom Surface Distance 20mm 3.0 mm
SAR,,. [%] Without Gorrection Algerithm 143
SAR,,, [%] With Correction Algorithm 08

Sensor Offset
Proba Tip to Sensor Center 1.0 mm

correspends to a coverage probability of approximately 85%.

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

# The uncerainties of Normi.¥.Z do not affect the E*-feld mcertalaty inside TSL (see Sage 51,

¥ Mumerical inearization parameter: uncatainty not required.

Certificate Mo: EX3-3566 Augls Pagadof 9

2010-05-11

Page 17 of 51



Test report no.: 1-1775-01-14/09 CWMN

EX3DV4 B3N:3566 August 21, 2009

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

£
w

o=
w
|

Frequency responsge {normalized)
[=]
£
[:

=
pt

<
-]

)

|

|

|

|

|

|

a5 ' | e
1 500 1000 1500 2000 25011 3000

f [MHz] i

—@— TEM ——R22

Uncertainty of Frequency Response of E-fleld: £ 5.3% (k=2)

Ceriificate Mo: EX3-3066 Aug(8 Page S of O

2010-05-11 Page 18 of 51




Test report no.: 1-1775-01-14/09 CWMN

EX3DV4 SN:3566 August 21, 2009

Receiving Pattern (¢), 9 = 0°

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

—&— 3 MHz
—i— 100 MHz
=500 MHz
—i— 1800 MHz
—&— 2500 MHz

Error [dB]

Uncertainty of Axial lsoctropy Assessment: £ 0.5% [k=2)

Certifizale No: EX3-3666 AugDR Page 6 of B

2010-05-11 Page 19 of 51



Test report no.: 1-1775-01-14/09 CWMN

EX20V4 SN:3566 August 21, 2009

Dynamic Range f(SAR,..q)

{Waveguide R22, f = 1800 MHz)

1.E+06 -

1.E+D5 At Juls IR ==t

1E+H04 Sl —
1.E+03 ' ‘!’
‘ 1.E+02 ' } |

1LEH s

7, -
I

i T

0.0001 0.001 0.1 0.1 1 10 100
SAR [mWicm’]

Input Signal [jv]

‘ =—@—nct compensatad —&#— compansatad |

1 1 10 100
SAR [m¥Wem’]

Uncertainty of Linearity Assessment: & 0.6% (k=2)

Cartificate Mo: EX3-3586_Augld Page T of @
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Test report no.: 1-1775-01-14/09 CWMW

EX3DV4 SN:3566 August 21, 2009

Conversion Factor Assessment

f= 5200 MHz, WGLS RS2 (head) 7= 5800 MHz, WGELS R58 (head}
700

600 |

500 |

400 !

300 - %Q_
200 —

1080

SAR[MW/em®] 7 ¥
SAR[MWiem'] { W

a 3 10 15 puil

z[mm]

—0—Analytical —¢— Maasuremerts ‘ —@— Analylical —o—Measurements |

f[MHz] Valldity [MHz]" TSL Permittivity Conductivity  Alpha Depth  ConvF Uncertainty

3500 +50/+100 Head 3708:5% 291158% 034  1.1B 594+ 13.1% (k=2)

5200 £ 507100 Head 36.0%58% 4.66+50% 040  1.80 433 £13.1% (k=2)
5300 +50/+100 Head 355815% 4.76+5% 043 1.80 408 =13.1% (k=2)
5600 2 50/x100 Head 35.5x5% 5.07+£5% 040 180 400 =13.1% (k=3)
5800  =&80/x100 Head 35325% 5.27+5% DEC 1.80 385 £13.1% (k=2)
3500 £350/£100 Body 51.3£5% 3.31:£5% 033 148 563 £13.1% (k=2}
5200  +50/+100 Body 48.015% 530:85% 035 190 3.53 £ 13.1% (k=2)
5300 x50f+100 Body 48.5+5% £42+5% 083 1.90 342 £13.1% (k=2)
5800 +50/+100 Body 48525% 57715% 080 180 314 £13.1% (k=2)
5800 =50/x100 Body 482x5% 6.00£5% 0E0 1580 330 £13.1% (k=2)

“ The validity of & 100 MHz only applies for DASY v4.4 and highar (see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at celibratlon frequency and the uhmmlnty far thee indicatod !mquqn;, b,

Certificale Mo: EX3-3566_Aug0a Page 8 of &
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Test report no.: 1-1775-01-14/09 cmwgnqm”m

EX3DV4 SN:3566 August 21, 2009

Deviation from Isotropy in HSL
Error (§, 3}, f =900 MHz

Error [dB]

Y]

= n
B-1.00-0.80 B-033-060 B-03.60--0.40 H-0.40-020 &-0.20-0.00

O000-020 BC20-040 B040-080 BOE-0.80 B0

Uncertainty of Spherical Isotropy Assessment: + 2.8% (k=2}

Certificate Mo: EX3-3565_Augld Page 3 of 9
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Test report no.: 1-1775-01-14/09

CETECOM"

w4 s

4  Calibration report “2450 MHz System validation dipole”

Calibration Laboratory aof
Schmid & Pariner
Enginecring AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Sarvics (SAS)
The Swiss Accreditation Service Is ona of the signatories to the EA
Multilateral Agreement far the recognition of calibration certificates

‘cetecam

Client

Schweizerigcher Kallbrierdienst
Service suisse d'étalonnage
Servizio svizzero dl taratury
Swiss Calibration Service

Accreditatlon Na.: SCS 108

Certficate Ne: D2450V2-710 AugDd

CALIBBATION CERTIFICATE

Cibieut

Calibration procadure(s)

Calibration date:

Candilion of the calibrated itam

D2450V2 - 8N: 710

QA CAL-G5VT
Calibration provedure for dipole validation kits

August 17, 2008

In Toleranca

Calibration Equipmernt used (MATE critical for calibration)

Thiz culibrafion certificate docurnents the traceability 1o nalional stendsrds, which realize tha physical u7its of maasursments Sl
The meas dramants and the uncertaintics with cartidence prodability are given an tha “ollow ng pagss and &re part of the cerilicata.

All palitretinrs have besn conducted in e closad laboratory far ity envirenment lamparature (22 + 2°C and bty « 7%,

Motwatk Analyzar HP 57556

LISE7AG0GRS 54208

18-0;1-01 {in house check Oct-08)

Manz B Fun_:l!c_mn_
Calibratod by: Claudio Laubler Laboratory Techriclan
Approved by: Katja Pokoic Technical Manzger

This calibration cartflcate sha | not be reproduced excent in ull without wittan aporaval of the |aboralury.

Pri-nary Standzrds 13 % Cxl Date (Calibraced by, Cartificats Mo} Scoeduled Calibralion
Pawer meter EMFM-4424 GRET4E0704 08-0ct-08 (Na. 217-00898) Oit-03

Powe: sensor HP 84514 US37Ea2753 0C-0cl-0B (Mo, 21700804} Cct-09

Reta-rnce 20 dR Atten alor Bz 5086 (200) 31-Mar-09 (e, 217 01028) far-1a

Typa-M mismatch combingtion SM: 504727 36357 31-Mar-02 (Mo, 217-01029) Mar-10

Aalarance Probe ES30VE SN: 3205 28-Jun-09 (Mo, ESE 5206 Junidd) Jun-10

DAE4 SM: e O7-Mar-02 (Mo, DAE4-50 | _Marog: Mar- 10

Secondary Standarns 10 # Check Dads (in house) Sc_hcdu;cd Chenk
Pawar scnsor HE 34318 MY41 092517 18-0c1-02 {in hrusa check Oct-07) In house check: Oot-09
FF genatatos R&s ShT-08 1000E 4-Aug-99 [in ouse chack DGt-07) In hose chock: Sol-09

In hose chack; Cot-03

&

Sippdire
e \/\

lzzuad: Auguet 18, 2009

Certificate No: D2450V2-710_Aun0S
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Test report no.: 1-1775-01-14/09 CWMW

: : UL,
Callbl_'atlun Laboratory of ““\Q:\-‘__F\:::I;’%? Schweizerischer Kallbrierdienst
Schmid & Pariner g~ Sorvica sulsee d'étalonnage
Engineering AG ;',.:;_'—_‘:\..\1_— Servizio svizzero dl taratura
Zeughausstrasse 43, 8004 Zurich, Swhzerland s 4/;5.,\.\“\\\ Swiss Callbration Service
Accraditar by the Swiss Accreditaton Service [SA8) Accreditation Ne.: BSCS 108

The Swiss Accradilalion Service is ane of the signatories to the EA
Multilateral Agreement for the recognltion of calibration certificates

Glossary;

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORBM x,y.z
MNAA 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 Techniques”, December 2003

Iy 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 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) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» Measurernent Conditions: Further details are available from the Validation Report at the end
of the certiticate. All figures stated in the cerificate 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
pasitioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connecitor to the feed point. The RBeturn Loss ensures low
reflected power. No uncertainty required.

+ Llactrical Dalay: One-way delay between the SMA connector and the antenna feed point.
Mo 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.

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

Ceartificale MNo: D2450V2-710 AugD9 Pege 2 of 9
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Test report no.: 1-1775-01-14/09

CETECOM

Measurement Conditions

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

DASY Version

DASYS

V5.0

Extrapolation

Phantom

Advancad Extrapalation

Madular Flat Phantom V5.0

Distance Dipole Center - TSL

10 mm

with Spacer

Zoom Scan Resolution

Frequency

dx, dy, dz =5 mm

2450 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL paramaters 22.0°C 392 1.80 mhodm
Measured Head TSL parameters 22.0£02) "G 401 £6 % 1.80 mhoim + 6 %
Head TSL temperature during test [22.0£02) °C — =

SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
BAR measurad 250 mW input powear 131 mWN g
SAR normalized normalizad to 1W S24miig

SAR for nominal Head TSL parameters |

normalized to 14

52.7 mW fg = 17.0 % (k=2)

SAR averaged over 10 em” {10 g) of Head TSL

SAR measured

SAR normalized

candition
250 mW input power s16mW /g
nommzlized to TW 245 mW g

SAR for nominal Hezd TSL parameters '

narmalized B TW

24.7 MW fg = 16.5 % (k=2}

" Correction to nominal TSL parameters according to di. chapter "SAR Sansitivities”

Ceriticate Mo, D2450¥2-710 AugDd

Page 3of9
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Test report no.: 1-1775-01-14/09

CETECOM

Body TSL parameters
The tallowing parameters and calculations wara applied.

Temperature Parmittivity Conductivity

Nominal Body TSL parameters 22.0°C o7 1.85 mho/m
Measured Body TSL parameters [22.0+0.2) "C 532x6% 201 mho/m =6 % |
Bady TSL temperature during test {22.5+0.2)°C

SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0mW (g
SAR normalized narmalized to 14 S20mWM /g

SAR for hominal Body TSL parametars

nommalized o 1W

51.4 mW fg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g} of Body TSL condition
SAR measured 250 m\W input power 599 MW g
SAR rermallzed normalizes to W 240 mW /g

normalized to W

SAR for nominal Body TSL parametars © 23.9 mW /g = 16.5 % (k=2}

* Correction to nominal TSL parameters according to d), chapter *SAR Sensilivilies"

Certificate Mo: D2450V2-710_Ag0S Page 4 of 9
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CETECOM

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point

52.90-02|0Q

Retum Loss

=311 dB

Antenna Parameters with Body TSL

Impedanes, transformed to feed point

49161+ 0.6]0

Return Loss -39.2 dB
General Antenna Parameters and Deslgn
Electrical Delay {one direction)

1.158 n=

After long tarm use with 100V radiated power, orly a slight warming of the dipale near the feadpaint can be measured.

The cipole is rmade cf standard samitigid coaxial cable. The cenbar conductor of the feeding line is directly connected to the

second arm of the dipole. The antenna is theretore short-circuited for DC-signals.

Mo axcassive force must be applied to the dipole anms, because they might bend or the soldered connections near the

feedpoint may be domaged.

Additional EUT Data

SPEAG

Marufactured by
Manutactured on

July 03, 2002

GCerificate Mo: D2450V2-710_Augl9 Page Sof &
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Test report no.: 1-1775-01-14/09 cmwg_gmm

DASYS Validation Report for Head TSL
DateyTime: [7.08.2000 13:40:44

Test Tahoratory: SPEAQG, Zurich, Switzerland
DU Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN710

Comnunication System: CW; Freguency: 2450 MHz; Duty Cyele: 1:1

Medium: HSL. U11 BB

Medium parameters used: = 2450 MHe; o = 1.8 mho/m; 2, = 40.1; p = 1000 ke/m”
Phantom section: Tlat Scetion

Measwrement Standard; DASYS (IEEE/IREC)

DASYS Conliguration:
= Probe: ES30W3 - SNAZ0S; ConyF(4, 83, 4,53, 4.53% Calibrared: 26,05, 2000
& Sensor-Suclace: Smm (Mochanical Soitace Delesinn)
*  Bleetronics: DAES Sne0; Culibraled; 07, 053.2009
= Phantom: Fat Phantom 3.0 (frouy; Tepe: QDUOOPS0AA; Serial: 1001

¢ Mousurcment SW: DASYS, V3.0 TRuild [20; SEMCAL X Yersion 144 Build 45

Pin = 250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=>5mmm, dy=5mm, dz=3mm

Reference Value = 9%.7 Vim; Power Drift = 0,047 JB

Peak SAR (vsirupolated) = 26.8 W/kg

SAR(L g) = 13,1 mW/g; SAR(I0 ) = 6.16 mW/g

Maximum value of SAR {meuwsured) = 16.6 mWig

dH

-0LGn

13

74

ZLT

0dB = 16.AmWin

Cerificate Mo: D2450W2-710_Auy09 Page & of @
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Test report no.: 1-1775-01-14/09 cm‘“ﬁ.’qu

Impedance Measurement Plot for Head TSL

17 fug 20889 12144394

EAL 5¢4 41U Fs 11 52,869 & -24E.05 me ZE1.88 pF 2 450.6E0 B0F fMHz
ol S
Ed //‘: \
/
D=l f
/ F
Cor f/ }
| i
1 \
\ \

CH2 511 LO6 = JB/FEF -2B dB 1:-34,055 dB 2 458,858 698 MHz
Cur R TR
]
ra
Ave
16° T 3/
START 2 250.888 BEE MHT T STOP Z 65W.UKY BEE MHz
Carificata No: D2450V2-710 Aug08 Page 7ol 9
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Test report no.: 1-1775-01-14/09 cmwg_gM ;

DASYS Validation Report for Body TSL

Date/ T 17.08. 2000 14:5]1:57
Tesl Laboratory: SPRAG, Zurich, Switzerland
THUT: Dipole 2450 MHz; T'ype: D2450V2: Serial: D2450V2 - SN:710

Communication Systam: CW; Frequency: 2450 MHe; Duly Cyele: 1:1
Medium: MSL U110 BB
Medium parameters used: [ = 2450 MHz; o = 2.01 mho/m; g, = 53.1; p = 1000 kg,fm3
Phantonn scetion: Flat Section
Mceasurement Standard: DASYS (TFEE/EC
DASYS Configuration;
®  Prohe: TEINWE - SN2205: ConvEid 31, 431, 4310 Calibraid; 26,06, 2002
«  Sensor-Surface! dmm {Mechandcal Surface Dorootion s
®  [lecomnics: TYAF Sp601; Calibreed: 0703, 2000
»  Thantom: Flat Phanwam 5200 (hack): Type: QTRIDOPS0AA: Scrial: 1002

= Measurement SW: DASYS, V5.0 Build 120 SEMOCAD X Version 13,4 Build 25

Pin = 250 mW; d = 10 mm/Zoom Scan (7x7x7¥Cube
Measurement wrid: dx=5mm, dy=3mm, de=5mrm

Reference Value = 94.2 ¥W/m: Power Drift = 0020 dB

Peak SAR (extrapolated) = 27.4 Wik

SAR(L g) = 13 mW/p: SAR(ID g) = 5,99 mW/p

Maximum value of SAR (measured) = 16.9 mW/s

2.2

(0B = 16.9mWyg

Cetificate No: D245002-710_AugDY Page 8 of 9
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Test report no.: 1-1775-01-14/09 cm‘“ﬁ.’qu

Impedance Measurement Plot for Body TSL

1¢ Augy 2BE9  12:11:47

EEll s11 14 Fs 1 49,870 85664 & 36.7393 pH 2 450,800 6068 HHz
P al .
A =Y
* » - 5 =
- I
Dl !f ¥ 3 L e B R
/ ” %
Cor f } % :;'-: -
| i =
1 & =
| i =
5 F F~ i
B \ 1 - b o'
Y -
e 8 S )~
i 7 -y
T "‘-H_H__ I_"_._'_.—/
CH2 511 LOG 5 dBE/REF_-28 d& -29.165 dB 2 450850 B8y MHZ
—_ -
Cor 5_‘_-&__“_“'*--_ —-= |
X /]
a \
ig
W
; A
STNRT £ 208,000 888 MHz ATOF T 65A.8638 086 M4z
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Test report no.: 1-1775-01-14/09

CETECOM

5 Calibration report “5GHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zenghausstrasse 43, 8004 Zurlch, Swizeriand

Accradited by the Swiss Accredilation Service [SA5)
The Swice Aceraditation Service ig one of the signsateries to the EA
Multilateral Agresment {or the recognilion of calibralion certificates

Client

Schwaizarischer Kalibrierdisnst
Service suisse d'étalonnage
Servizio svizzero di tarelura
Swigs Calibration Scrvice

Accreditation No.: SCS 108

Certiflcpte Mo: DSGHZV2-1055_Jani)

CALIBRATION CERTIFICATE

Ohbjest

Callbration proceduraizs)

Calibration date:

Brimwry Standards

Prwar matar EPM-4428
Powszr sensor HP 84814
Halaranea 20 dB Atsnustor
Type-N mizsmatzh combination
Bateranca Prone EX30VY
DAE4

Scoondary Standards

DBGHzV2 - SN: 1055

'QA GAL-22 vi

Calibration procedure for dipale validation kits betwesn 3-6 GHz

January 20, 2010

Calibration Equipment Jged (MATE critical 1z calibralizn)

o
GEEr280/04
537202783

SM; 5085 (20g)
SM: 5047 27 06327
SM: 3503

EM: 601

L) &

Cal Date [(Sertilicata Na.)

UG Qe UL (Ma, 217-01086)
CE-Oct-08 (Ma, 2 17-01086)
Sl-ban09 (Mo, 217-01025)
F-htar09 (Mo, 217-01020)
M08 (Mo, EX3-3503 Marla)
IF-Mar-08 (Mo, DAES-GY Marlt)

Check Dete (in house}

Fower sonsor HP 84814
RF generator &S SMT-0E
Metwars Analyzer <P B733E

Calibrated by

Approwscc by

| hig salivralion carificata shall nat be reproduced exceps i1 °ull withaut wiitlen agprovel of the labaratory,

Wvd1192317
100033
LE3TIR0GRE 54206

Mamsa
Claudio Lauttar

Katja Pokoule

Thig calibrabian cartificats documeants the traceability o natanzl standards, which realize tha physical units of measurements {E).
The measure n2nts and the wncetainties wilh conlidencs protabiily Are giver on e following pages and are gart of the cerlificale.

All calibrations heve been conducted in the closed laberatony facility: anvironmant temperstirs (22 + 2050 and Fumidity < 70%.

Achedulad Celibration
Cet-10
Cal-10
fdar-13
Mar-16
Mar-1a
Mlar-10

Schaduled Chack

18-021-22 {in house check Oct-U9)
A-Aug-EF (in houss chack Oat-0%)
TE-Qat-21 i hauss check Ocl09)

Furztion
Labaramony Technician

Techrical Manager

In tausa check; Oo-171
I hause chack: Oc.-17
In hause chesk; Oo-10

Signaturs
1 %

¥
i

T

lssuscls Jamsng 21, 2010

Certificate Mo: DSGHzV2-1055_Jan|d
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:
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Test report no.: 1-1775-01-14/09 CWMW

Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughaussirasse 43, 304 Zurlch, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'élalannage
Bervizio svizzera di tRretura
Swiss Calibration Service

Acoredited by the Swiss Accroitation Scrvice (3A5) Accreditation No.; SCS 108
The Swiss Arcreditation Service iz one of the signatories to the EA
Multilateral Agraament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC 5td 62208 Part 2, “Evaluation of Human Exposure to Radic Freguency Fields from
Handheld and Body-Mounted Wireless Communication Davices in the Freguency Range
of 30 MHz to 8 GHz: Human models, Instrumentation, and Procedures”; Part 2:
“Procedure to determine the Specific Absorption Rate (SAR) for including accessories
and multiple transmitters”, Draft Version 0.9, December 2004

b) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FGC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C {Edition (1-01) to Bulletin 65

Additional Documentation:
c) 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 stated in the cerlificate are valid at the frequency
indicated.

»  Antenna Parametors 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
positionad 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: Onc-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

¢ SAR measured: SAR measured at the stated antenna input power.

¢ SAA 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.

Cerlilicale Mo, D5GH:2-1055 Jen10 Page 2 of &
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Test report no.: 1-1775-01-14/09

CETECOM

Measurement Conditions

DASY system configuration, as far a3 not gven on page 1,
DASY Version DASYS V52 |
Extrapolation Advancod Extrapaolation
Phantom . Medular Flat I’hantom Wa.0
Distance Dipcle Center - TSL 0 mm wilh Spacer
;Ea Scan resolution dx, dy =10mm

Zoom Scan Resolution

e, dy =40 mm, dz = 2.5 mm

Frequency

5200 MHz =1 MHz
5500 MHz +1 MHz7
5800 MHz = 1 MHz

Body TSL parameters at 5200 MHz

The following paramsaters and calculstions were spplisd.

Temparature Permittivity Conductivity

Nominal Body TSL paramaters 22070 8.0 5.30 mhadm

Measured Body TSL parameters 22.0=02)"C 4T 6 =6 % 5,82 mhadin £ 8 %

Body TSL temperature during test (22.0£02)“C ]
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 cm® (1 g) of Body TSL conditicn

SAR measurad 00 MWW input power T3 MW /g

SAR normalized normalized o 1W TE3ImW g

SAR for nominal Body TSL parameaters

normalized o 1W

788 MW/ g = 19.9 % (k=2)

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

condition

SAR measurad

100 mW input powsar

2,20 MW [ g

SAR normalized

normalizod to 10

22,0 MW { g

SAR for nominal Body TSL parametars

normalizad to 1W

21.9 MW/ g = 19.5 % (k=2)

Cartificate No: DSGHzW2-1065_Jzni0
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Test report no.:

1-1775-01-14/09

CETECOM

Bady TSL parameters at 5500 MHz
The following parameters and calculations were applied,

Temperature Fermittivity Conductivity

Neminal Body TSL parameters 22.0*C 45 8 5.85 mha/m
Measured Body TS5L parameters 22.0+02)C 4685 % 5.89 mho'/m + 8 %
Body TSL temperature during test 22 £02)°C

SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Body TSL condition
SAR measured 100 mW input powser 854 mW /g
SAR normalizad normalizod to W 854 mW g

SAR for nominal Body TSL oarameters

narmalized to 1W

BA.8 mW /g = 19.9 % (k=2)

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

nandition

SAR measurad

100 mW input powar

SAR nornalized

z2dmWig

normalizad to W

234mwWig

SAH for normiral Body 150 paramatars

normalized o W

233 mi /g £19.5 % (k=2)

Body TSL parameters at 5800 MHz

The following sarameters and czlculations were appliad.

Temperaiure Permittivity Conductivity
Nominal Body TSL parameters 220G 482 6.00 mhao/m
Measured Body TSL parameters (220£02) "0 46.1 £ 6 % 5.26 mhoim = 6 %
Body TSL temperature during test (22.0=x02)"C

S5AR result with Body TSL at 5800 MHz

SAR averaged over 1 cm’® {1 g) of Body TSL conditiun
SAR measurad 100 mvY input powsar TAT MW g
SAR normalizad normalized o 1W T4.7 mW g

SAR for nominal Body TSL parameters

nermalized o 1TW

F4A mW /g =199 % (k=2)

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

SAR measured

SAR narmal zod

condition
100 mW input powor 2,06 mW g
narmalizad to 1 205 mWig

SAR for nominal Bady TSL parameters

normalizad to 1%

20.3 MW { ¢ % 19.5 % (k=2)

Ceartificate No: DSGH2W2-1065_Jani

Page 4 of 8
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Appendix
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 5150 -87 0
lieturn Loss 213 dB

Antenna Parameters with Body TSL at 5500 MHz

Ilnpcdanco. fransformed to feed point BQA0-2.1 )0
' Return Loss -33.0dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transtormed to teed point ETS0+05|0
Return Loss -23.1dB

General Antenna Parameters and Design

Electrical Delay {ene directicn) 1197 ns

After lang term usc with 40 W radiated power, only a slight wanming of the dipale naar the faadpoint can be measured.

The dipole iz made of slandard semitigid coaxial cable. Tre center conductor of the feadng line is dirsctly connected to
the second arm of the dipale. The anterna is therafora short-circuitad for DC-sighals.

Mo excessive force must be applied to the dipole arms, bacause they might bend or tha soldered connections near the
feadpeint may be camaged.

Additional EUT Data

Manufactured by SPEAG
Manufaclured on June 09, 2006 J
Certificate MNo: DSGEHzZW2-1055_Jan 10 Pagezof &

2010-05-11 Page 36 of 51



Test report no.: 1-1775-01-14/09 CWMW

DASYS Valldation Report for Body TSL
Date/Time: 200012010 19:19:44
Test Laboratory: SPEAG, Zurich, Swilzerland

DUT: Dipule 5GHe: Type: DSGHzV2; Serial: DSGHzV2 - SN: 1055
Communication Systetm: CW: Frequency: 5200 MHz, Frequency: 5500 MHe, Frequency: 58000 MHz; Duty
Crwele: [;]
Medivm; MSL 3-6 GHz
Medium parameters used: f = 5200 MHy; o = 5.52 mho/m: £, =47.5. p = 1000 E-L,ghn3 :
Medinm parameters used: [ = 5500 MHz; o= 3.89 mho/m: g, = 46.8; p = 1000 kgin”
Medivm purameters used: £ = 5800 MHz, 6 — 6.26 mho/on =, = 46.1; p = 1000 l<g,ﬁ'mq
Phanlom section: Flat Section
Measurement Standard: DASYS (TEEE/IEC/ANST C63 19-20007)
DASYS Conliguralion:
¢ Probos EX3DWE - sN330E: Convb3.88, 488, 488, Cone[T1.37, 437, 4370 ConvFid 37, 457, 4570 Calibraed;
114032000
senser-Surfoee: 2mm (Mechanical Surface Detection)
Elecrronics: DAES 5o 1: Calibrated; 07 03,2000

Phiamiom: T7an Phantonm 5.0 (hack): Type: QDOOCPS0OAA: Sarial: 002
Measuramant S DASYS, V5.2 Tuikl [57; SEMCAD X version 144 Build 37

Conliguration D5GIIzV? Dipole {Body)/d=10mm, Pin=250mW, f=5200 MH:s/Zoom Scuan
{(Axdx2.5mm), dist=2mm 2 (8x8x10)/Cube 0:

Measurement grid: dx=4mm, dy=4mm, dz=2.5mm

Relerenee Value = 60.2 Vim: Power Drift = 0.046 dB

Peak SAR {estrapolated) = 30.9 Wike

SARM g) =793 mW/g: SAR(ID &) = 2.2 mW/g

Maximum value of SAR {meusured) = 15,3 mW/ig

Configuration DSGHzV2 Dipole ( Body)/d=10mm, Pin=250m W, {=5500 MHz«/Zoom Scan
{dxdx2.5mmy), dist=2mm (8x8x10)/Cube 0

Measurcment grid: dx=4mm. dy=4mm, dz=2 5mm

Reference Value = 12.3 VW/m: Power Drilt = -0.068 dB

Peak SAR (extrapolated) = 35.5 W/iky

SAR(L g) = 8.54 mW/g: SAR(I0 @) = 2.3 mW/g

Maximum value of SAR {measured) = 16,9 mW/e

Conliguration D3GHzV2 Dipole (Body)/d=10mm, Pin=250mW, f=5800 MHz/Zoom Scan
{dxdx2.5mm), dist=2mm {8x8x10)/Cube 0:

Measurement grid: di=4mm, dy=4mm, dz=2.5mm

Reference Yalue = 35.4 Vim; Power Thill = 0.033 dB

Peak SAR (extrapolaled) = 33 Wike

SAR(I g) = 7.47 mW/g; SAR(10 g) = 205 mW/p

Magimum value of SAR (mcasured) = 15.1 mW/g

Corificote Mo: DEGHzV2-1055 Jan10 Fage 6 of G
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0dB = 15.1m%W/g

Cartificate No: DaGHZV2-1065 Jan10

Page / of &

2010-05-11

Page 38 of 51




w4 e

Test report no.: 1-1775-01-14/09 CETECOMW

Impedance Measurement Plot for Body TSL

28 Jan ZEBLE  Z4:27:d19
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6

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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7 Calibration certificate of Data Acquisition Unit (DAE)
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; : RO
Calibration Laboratory of SN, g Schweizerischer Kalibrierdienst
H = \‘E/-"_-"}"
Schmid & Partner s c Service sulese d'étalonnage
Engineeriﬂg AG ‘f;»-:}-':_‘“'x = Servizio svizzero di taratura
Zeughausstrasss 43, 8004 Zurich, Switzerland Ty /f;ﬁ\‘;ﬁ 5 swiss Calibration Servics
LRt T
Accradiled by the S s AcuradilEion Service (SAS5) Accrediadon No.: SCS 108

The Swiss Accreditation Service is one of the slgnatorles to the E&
Multllateral Agreement for the recognition af calibration certificates

ciemt CETECOM Certiticate No: DAE3=477 May10

CALIBRATION CERTIFICATE

Obyect DAES - SD 000 D03 AA - SN: 477

Caliarstion procaduralz) QA CAL-0B.v21
Calibration procedure for the data acguisition electronics (DAE)

Callbration dats: May 7, 2010

Tniz calibration certificate documeants the traceabilty to national standards, which realize the physical units of maasurements (S1).
e measurermants and e uncertairties wilh confidcence probekility are givan on the following pages and are part of the certilizata.

Al calibrations have bean conductad in the closad Eboaley facilily: anvircornent ermperature (23 £ 33°C and humizgiby < 709,

Calibration Equipment used (MBTE crilical lur valibratiar)

Priniary Slandands o Cal Date (Cortifleats M) ___ Zenedulad Calibration

Egillilay Mullimelar Type 2001 Sh: 2810278 1-Ciz-02 (Mo BCES) Gct-10

Savordary Stardards L# _ Gheck Nate (in house) Schedulad Check

Calibrater Dox W11 SE UMS 006 AR 1004 05-Jun-09 (i1 house check) v house chaek: Jun-10
Marma Furction Signaturs

Callbratad by Dominigue Staffen Technician ql EE%

g .‘!‘.ﬁlﬂmd b’_l,l'i Fir Bam| o R&D Direcio jf % ;

Iszued; May 7. 2070
This cal brabon cerliflicais stall nob ba reproduzed except in full withoot wiiten approval of the laberatory.

Cartilicate No: DAE3-477_May1( Paye 1 of 5
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8 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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9  Application Note System Performance Check

9.1 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.

9.2 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.

9.3 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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9.4 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 250mW
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.

9.5 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.

9.6 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.

2010-05-11 Page 51 of 51




