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Calibration report “Probe ET3DV6”

e

Schweizerischer Kalibrlardisnst

Service suisss d'étalonnaga
Servizio svizzero d| taratura
Swigs Calibration Service

Accraditstion Ne.: SCS 108

The Swies Accroeditation Service is one of the signatories to the EA
Multiiateral Agreomaent for the recognition of calibration certificates

Client Cetecom

Cartifieata Nn: ET3-1554_ May13

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibratinn date

ET3DV6 - SN:1554

QA CAL-01.v8, QA CAL-23 w4, QA CAL-25.vd
Calibration procedure for dosimetric E-field probes

May 16, 2013

This ealibvation cedificste documents the Wacssbiity to national standarde, which roalize the physicn! units of meoaurcmenia (S1).
The measurements aml (e uncerainkes vl confidence probabiity are given on the folowing pages Bnd are pant of the centincats.

Calimation Fauipmant usad (MATE critical for calibration)

Ml calibrotions have boen conducted in the closed laboralory faciity. soviconmenl tsrpesalure (22 £ 3)°C and humidity = 70%

[ Primary Standards

D Cal Date {Cedificate No.} | Hcheduled Calibration

| Prower meter E44198 GBA1ZGIETA 04 Apr13 (Mo, 217 01733) Apr-14

Power sensor 4412A BIY4 1498087 04-Apr-13 (No. 217-01733) Apr-14 ]
_Reference 3 dB Atanuatos SN: 85054 (3r) N4.Anr-13 (Mo, 247.01737) Apri4

Refarence 20 di Attenuator SN; 35277 (20x) Od-Agn =13 (Mo, 217-01T38) Apr-14 _

| Reference 30 db Attanuator SN: 55120 (30b) 4-Apr-13 [No, 217-01738) Apr-14

Refarance Probe ES30W2 SN: 3013 28-Dac-12 (Mo. ES3-3013_Dec13) Dee 13

CIAE4 SN 660 | 31-Jan-13 (Mo, UAES-HH0_Jan13) Jan-14

Secondary Standards [v] Check Date {in house) Gchedulad Chech
| RF generstor HE BEA60 USIE42U01T00 | 4-Aug-99 (in houso chack Api-13) In house check: Apr-15
| Metwork Analyzar HP BTS3E LISATIMN5RS 1800201 (in house check Det-12) In houga check: Oiet-13

Mame Furstion Signaiue
Calibrated by. Leif Kiysner Laboralory Technician zy/:’/g;
-
Approved by; Katia Pokovic Technical Manaper

This celitaation _u:_l!iﬁmu: shiad| not be reproduced sxcept In full without mmun approval of 1he abom@ory.

e

lesued: May 17, 2013

Certilicate No: ET3-15534_May13

Page 10f 11
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Accredited by the Swiss Actreditaticn Service (SAS) Accreditation He: SCS 108
The Zwigs Accroditation Servics (s one of the signatories 1o e EA
Multilatoral Agreemant far the recognition of calibration certificales

Glossary:

TSL tiszue simufating liquid

NORMy v 2 sansitivity in fres space

SamF sensitivity in TSL S NORMx vz

OCcP diode corpression paint

CF crest faclor [1iduty,_eycle} of the RF signal

ABCD modulation dependent lingzrization parameters

Palarizalion « o rtation around probe axis

Polarizalion 2 4 ratation around an axis that is in the plane narmak 1o probie axis {at measurement center),

i, 3 =0is normal to probe axis

Calibration is Performed According to the Following Standards:

) |EEE Sld 1528-2003, "IEEE Recommended Practice for Delermining the Peak Spatial-Averaged Speciflic
Absorption Rate {SAR) in the Human Head from Wireizss Communications Devices: Measurement
Techniques™, December 2003

P} IEC §2209-1, "Procedurs to measure the Specific Absorption Ratc (SAR] for hand-held deviges used in close
proximity to the ear {frequency range of 300 MKz to 3 CHz)", February 2005

Methods Applied and Interpretation of Parameters:
*  NORMx, v,z Azsessed for E-field polarization & = 0 ¢f < 900 MHz in TEM-cell: 1 = 1800 MHz: R22 waverUide).
HMORMx v,z arc only intermediate values, i.e., the uncertainies of NORMx,v.z does not affec the E'-field
uncartainty inside TEL {see below Conwr).

»  NORMEx Y.z = NOQRMz.y.z ~ frequency_response (see Freguency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequancy response is included
inthe stated uncerainty of Cortes,

= DCPxyz DCP arg numerical linearization parameters assessed based on Lhe data of power sweep with CW
signal {ne uncertainty required). DCP does not depend on frequency nor media,

*  PAR:PAR is the Peak to Average Ratio that is not calibrated but datermined based on e signal
characteristics

*  Axyz By Cuyz Oxyz VEx vz A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for spacific madulation signai. The paramsters do not depend on frequency nar
media. ¥R is the maximumn calibration range espressed in RIMS voltage across the diode,

+  ComvF and Boundary Effact Paramelers: Assessed in flat phantom using E-field {or Termperature Transker
Standard for T = 800 tMHz} and inside waveguide using analytical field distributions besed on power
rogasurernents for f > 500 MHz. The same selups are used for assessment of the parameters apphed for
boundary compensation {alipha, depth) of which lypical uncerainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close o the boundary. The sensitivity in T34 coresponds
to MORMY, 2 © Convi whereby the uncenainty comresponds to that given for ComeF. A frequency dependent
Comvf iz used in DASY version 4.4 and higher wivich allows extending the validity from & 50 MHz to £ 100
flHz.

= Spharcal fsolropy (30 deviation from isotropy): in a field of law gradients realized using & flat phantam
axpozed by a patch anlenna.

«  Sengor Gffsel: The sensar offsel correspends to the offset of vireal measurement center from the probe tip
(on prabe agis), Mo tolerance required,

Cenificale Mo, ET3-1553_May1s Page 2 of 11
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ETIDVE — SN:1554 May 16, 2013

Probe ET3DV6

SN:1554

Manufactured:  Cctober 16, 2000
Calibrated: May 16, 2013

Calibrated for DASY/EASY Systems

(Mate: non-compatible with DASY2 systam!h

Cedilicule No; ET3-1554_May 13 Page 3 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

ET3DVE- SM:1554 May 16, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Basic Calibration Parameters

Sensor X Sensor Y SensarZ Unc {(k=2}
Morm (A my " 1.40 1.58 1,34 +10.1 %
DCP (mvY 99.2 102 4 100.2 i

Modulation Calibration Parameters

[]s] Communication Syslem Name A B c ) VR Unc™
dg dBv v ) my {k=2]
N oW - X 00 oo 0 000 f 63z | w33% _
‘Y i oo 0.0 1.0 1819 ]
| [z ]| oo 0D 1.0 166.6

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

* The uncemainties of Mo, ¥,2 da not aflect Ihe Bl uncenainy nsice TS1. (sea Papes 5 and 6).

* Mumerical linganzalin parametar: Lngenginty net aquired.

" Uncertainty 15 detenningd using the maw dewalon from linear response applying reciangular dishibution 924 15 expressed for e square of e
figid vafug

Cerdificate No: ET3-1554_Mayid Page 4 af 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMW

ETIOWE—- SM: {554 FAzy 18, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity [ Dapth Unat
FIMHZ® | Permittivity” | (5tm)" ConvEX | ConvFY | ConvFZ | Algha | (mm) k=2
835 415 0.90 5.99 B.98 6.99 0.2z 300 | £120%
300 41.5 0.87 8.83 6.83 5.85 0.26 3.00 120 %
1640 40.3 1.29 578 5.76 576, 0.54 240 +12.0 %
1750 40,1 1.97 548 5.48 548 0.59 2.30 120 %
1800 400 | 1.40 5.20 520 520 | 078 | 201 | +120% |

® Frafuency validity of + $00 MHz only appkes for DASY v4.4 and higher (see Page 2). alte itis rastricted to + 50 MH2. The uncerainty is the RSS
of thir ConvF uncertainty at cahbration frequency and Lhe uncertainy Tor Ihe indicated Taguency band.

" A frequencies below 3 GHZ e valdily of lissug paramelers (o and o can be relased to = 108 i liguid cempansalign formyla g applied Lo
meagured SAR values. A frequendigs abeve 3 GHz, the vandity of bissue parameters {50 ) is resbicisd Lo = 5%. The uncedainty is the RSS of
the Conek ursarainty for indicated larged tissus paramotes

Cedificale Mo ET3-1554_May13 Pane 5 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

ETIDVE- SN:1554 May 16, 20132

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Calibration Parameter Determined in Body Tissue Simufating Media

[ Relative Conduslivity [ ! Deplh Unct.

| f{MHz)® | Permitiivity " {8m)" | ComFX |ComvFY | ConvFZ | Alpha | {mm) k=2) |
835 552 0.97 £.89 6.80 689 | 028 300 | +120%
an0 55.0 1.05 6.78 6.78 B.78 025 | 300 | £120% |
1750 53.4 1.49 4.94 4.54 4.94 079 | 247 | s120%
1800 53.3 152 464 4.64 4.8 080 | 236 | +120%
2150 53.1 1.66 4.46 446 4.46 080 | 210 | =120%

* Frequency validdy of 2 100 MHz ozly 3PElies for DASY wid and higher {s0e Page 2], etse it is resinted 1 + 50 MHz. The uncerainty is 1he BSS
of lhe ConvF uncertainly at calibration frequency and $he uncertsinty for the \ndisated fraquency band.

Al hequencies besow 3 GHz, the valicity of fissee parameders [r end o £an bo relaxed to + 10% i liguid compenzalion formula is applac 1o
mengured SAR valuez. Alfreguendies above 3 GHZ, the validity of lissus paramelers (s ard o) bs resticted 1o = 5%, The unceadginty iz the RES of
e CanvF wncertaindy tor indicaled 1arget tissue paiamelers.

Cerlificate Mo ET3-1554_May13 Page 6 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM

ETIDVE— SN:1554 May 16, 2013

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

—
n

LR
|

—
=
1

TTOTT T T =111

Freguency response [normalized)
=]
1
"
:

Uncertainty of Frequency Response of E-field: + §.2% (k=2)

Certificate No: ET3-1554_tay i3 Page T of 11
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Annex D to Test report no.: 1-6234/13-06-02-C mfgo_M

ET3DVE- SN:1554 May 16, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz. TEM =1800 MHz R22
= -._*9‘_‘ 3t 34 op e ! oy '!;__'..l.: s o508
i b
. o . . m
Tal X, h & 2 Tat : : E
L , .........
g [ | ] .
'E 0 I'I—'-!-—:-%l—-b—a— .._‘,,,_--5=..1 e —t=0fdp s 3 g g0ttt o .l o o
A | |
153 - L B SRRPEEIE - ARPRE S S ) b i a3 ol .............
l_.L;Il 1 1 I_li"— 1 1 -_ju | | 1 1 3 i L1 5 1 I lJr 1 (] I 1;?( | N |
— - Roll []
- [ 3
1{"I-dh' L I':Tﬁ-l-iz 1?1“-5!—2 35 'JG-_\JHz

Uncertainty of Axial Isotropy Assessment: + .5% (k=2)

Cenlificasle No, ET3-1554_WMay 13 Fage 8 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMW

ET3DVE— SHE1554 hiay 16, 2013
Dynamic Range f(SAR}..q)
{TEM celt , f =900 MHz}
‘1|'Jt-r_ -
105..
3
| o0
= :
7]
=
[=%
=
108,
02 [
167 10 1 10 100 10
SAR [mWiocm3)
&) =)
not compensated o pensated
o
h=1
&
T
107 102 101 1 i 102
SAR [miW/em3) -
| | &
Mt Compensaled cormpensated
Uncertainty of Linearity Assessmant: £ 0.5% (k=2
Certificate Mo: ET3-1554_May1a Page 9ol 11

Page 11 of 115




™
Annex D to Test report no.: 1-6234/13-06-02-C ‘E’EQM

ETANVE— SN-1554 May 10, 2013

Conversion Factor Assessment

f = 800 MHz WGLS R (H_corvF) 1= 1750 MHz, WGLS K22 (H_convF)

I iy [
||l':_ =1
15 3
1 | -
-,
) o
I \
£ 2l £
£ | i§
£ ) T [
5 FL's L] o
&
a L]
w0 S
10
5
a5
o t =re.
o0 | " Xy n.i_l_l . NN N Y R oy
o ul l:.l =3 & -2 - = & a 2 = -
i - fm|
iy ) 4 L
- prom. e ey anatea weamred

Deviation from Isotropy in Liquid
Error (4, 8), f =900 MHz

10 -0& -08 04 02 00 02 04 0B

08 10
Uncertainty of Spherical Isotropy Assesament: + 2.6% (k=2)

Cutlilicate No: ET3-1554_May13 Page 10 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

ETADWE— S 1554 May 15, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Other Probe Paramsters

Sensor Arrangement Triangular
“Connector Angle [ ’ ’ 373
" Mechanical Surface Oetection Mode ' enabled

Sptical Surface Deteclon Mode ' - enabled |

Frobe Gverall Length ’ T 337 mm |

Probe Body Diameter 10 mm

Tip Length 10mm

Tip Biameter B.8 mm

Probe Tip to Sensor X Calibration Peint 27 mm

Probe Tip to Sensor Y Calibration Point 27 mm

FPrate Tip to Sensor Z Calibration Point 2.7 mm

Recommended Measuremenl Oistance from Surface 4 mm
Cenificate No: ET3-1554_Mayiz Fage 110l 11
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3 Calibration report “Probe ET3DV6”

Calibration Labaoratory of § schweizenseher Kalibrierdienst

Schmid & Partner C Service suisse d'étolonnage

Engineering AG Servizio svizzero di taratura
Zoughausetrasso 43, 8004 Zurich, Switzerand S Swias Calibration Service
Arcreditad by fhe Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

Ihe Swiss Accredilation Service IS one of the SIgNatones 1o e £A
Multilateral Agraomeant for tha recegnition of calibration cartificator

client | Getecom Cortificate No: ET3-1558_Aug12

|CALIBRATION CERTIFICATE |

Object ET3DVE - SN:1558

Calibwaton procedu e(s) QA CA.L;EILVB, QA CAL-12x47, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

Calibration date: August 24, 2012

Thie calibration certficate documents the traceability te aaticnal etandards, which realizo the phyeical unite of measuremeants (51}
The measurements and the uncertainties with confidence probability are given on the following pages and are par of the cedincate.

! All ealibratons have bean conducted n the closad iaboratory facility: anvironment femparaturs (23 = 35°C and humididy < 70%.

Cabbration Couipment used (M&TE critical for callbration)

Hpmary Slandams L] L Date (Ueriticabe Na.} Schedued Calbrabion
Power meter E44108 GCHB41203874 20-Mar-12 {Na. 217-01508) Apr-13
Power sensor E44124 | MYA41498087 25-Mar-12 (No. 217-01508) Apr-13
Ruofuomce 3 db Allwiwaio S 58054 (3c) 2T-Mar-12 (No. Z1701531) Apr-13
Reference 20 df. Aftenuator | SN S5096 (20h) 27-Mar.12 {Na_ 217-01528) Ape-13 _
Holoronce 30 o Allenualor | SN: 55129 (30b) IT-Mar-12 [No. 217-01532) Ape-13
| Roforonoe Probo ES3DVE | BN: 3013 20-Doe 11 {Mo. E63-3013 Dect 1) Dec 12 —=
| DAE4 | SN: 860 20-Jun-12 (Mo DAE4-860_Jun12) Jun-13
| Secondary Standards | ID Check Data fin howse) Scheduled Chock
HF genoralor HE BE480 | usasazupzon 4-Aug-89 {in house check Apr-11) _In house check: Ap-13
| Metwork Analyzer HR 8753E | UE37300585 | 18-01-01 {in hause chack Oc-11) I hesuse sheck: Oet-12
[ MNarna Function Signatura ,
Galibrated by: Jeton Kastrat Labaratory Technician /

Apgroved by, Hartja Pukovic ww j:::? |

|ssued: August 25, 2012
This calibrateon centificate shall not ba reproduced axcant in full withoot wrtten approval of the mboratory.

Cartificate No: CT3-1556_Aug12 Page 1 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
w

Calibration Laboratory of &{-v‘\‘i‘\h‘};@

r S Schweizerischer Kallbriordienst
Schmid & Partner ii% c Service suisse d'étalennage
Engineering AG b 5 Servizio svizzero di taratura
Zevghaussirasse 43, 8004 Zurich, Swilzerland V"‘-rﬂﬁn“'\’ Swiss Callbraticn Service
Accrediled by the Swiss Accreditation Service (SAS) Accreditation ho.: SE5 108
The Swiss Aceridilation Service i3 one of tha signatorles to Ihe EA
Maltilateral Agreement for the recognition of calibralion eodilicates
Glossary:
T3L tissue simulaling liguid
NORMY,y,Z sensitivity in fre space
ConvF sanzitivity in TSL ¢/ NORMx v,z
[mia diode compression point
CF crest [actor (1iduly_cyele) of the BF signal
ABC modulation dependant lineanzation parameters
Patarizatian 13 retation arcund probe axis
Pofarization & & rotation arcund an axs Ikat is in the plane nermat o probe axis (3t measurament cenlerd,

i, B =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a}

b)

|EEE Std 1528-2003, "|EEE Recommended Practice for Getermining the Feak Spatial-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measuremnaent
Technigues”, December 2003

|IEC 62208-1, "Frocedure to measure Ihe Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz te 3 GHz)", February 2008

Methods Applied and Interprefation of Parameters:

L

NORMx,y.z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-call; f > 1800 MHz: R22 '-'-'aﬂ\'EgUidEJ-
MNGRMx,y.z are only intermediate values, Le., the uncertainties of NORMyx,y 2 does naot aHect the E*-field
wrcertainty inside TSL (see below ConvF),

NORMfIX v 2 = NORMx, 1.2 * frequency. response (see Frequency Response Chart). This lineanizatian is
implernented in DASY4 software versions fater than 4.2, The uncerainty of the frequency response is inchuded
in the stated uncertainty of ConwF.

BCFxy.2: DCP are numerical lingarization parametars assessed based on the data of powsr sweep with CW
signal {mo uncertainly required). DCP does not depend on freguency nor media,

FPAR: PAR is the Peak to Average Ralio What is not calibraled but determined based on the signal
characienshcs

Ax.wz Bryz Cryz, ViRxyz A, B C are numencal lineanization parameters assessed based on lhe data of
power sweep for specilic modulation signal. The parameters do not depend an frequency nor media. V¥R is the
maximurn salibrabion range exprassed in RM3 voltage aoross the giode,

ComvF and Boundary Effect Farameaters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f < BOO MHz} and inside wavaguide vsing analytical Tistd distributions based an power
meastrements 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 parametaers are
used in DASY4 software to improve probe accuracy close o the boundary. The sensilivity in T3l corespands
to MORMx, .z * Comd whereby the uncerizinty corresponds to thal given for ConrvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity fram £ 50 MHz to = 700
Hz.

Spharicat isafropy (3D daviation from isofropyk in a field of low gragients reaiized using a fiat phantom
exposed by a patch antenna.

Sansar Offset The sensor oflset corresponds to the offset of virtual meassurament cenler fram Ihe probe G
[on probe axis) No tolerance required.

Cortificate Mo ET3-1538_Ang12 Page 2 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W—-

ET3DVE - SN: 1558 August 24, 2012

Probe ET3DVG6

SN:1558

Manufactured:  September 18, 2003
Calibrated: August 24, 2012

Calibrated for DASY/EASY Systems

(Note: nom-compatibie with DASY2 syslemn!)

Certificate to: ET3-1558_Aug12 Page 3of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
w

ETADVE- SN:1558 Auguet 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Bagic Calibration Parameters

Sensor X Jensor Y Sangar 2 Une (k=%)
Norm (VAvimy)” = 187 1.69 101 %
BCF my¥) 976 G991 956 i

Modulation Calibration Parameters

uiD Communication System Mame FAR A B C VR Unc®
a8 48 4B my (k=2}
0 LYY a.an X £.00 0.00 1.00 1358 3.3 %
Y .00 0.0 1.00 135.8
z o0 Q.00 1.00 181.3
10011 UMTS-FOD (WOOMA) 2.8 X 3,72 65,3 165 123.6 #3.5 %
¥ 310 G55 180 115.8
N z 3.3 6.5 16 4 1477
16012 [EEE 5UZ.110 WWiFi 2.4 GHz (0SS5, 187 | *% 278 570 151 1265 | 07 %
: Mbps)
¥ 2,60 656.5 17.49 1167
! £ | 238 64.1 165 | 1088
[P GEM-FOD [TOMA, GMSK) HEED X 20.54 999 237 128.7 1.9 %
i ¥ 16.24 983 285 137
i Z 1B.20 99.4 2819 105.6
10022 | GPRS-FOD (TOMA, GMSK, TH 3 957 kS 18.87 94.7 288 116.5 2.0 %
; ¥ 17.84 98.3 284 141.8
rerms ree e i Z 19.28 99.4 28.9 143.2 -
fodad GPRE-FDOD {TOMA, GMSK, TH &-1} 656 X 30.39 100.0 258 106.0 $2.2 %
. Y 217 EER) 234 1331
) z 2680 Pl 264 1258.3
10027 GPRS-FOD {TOMA, GMSK, TN T-1-2) 480 | x | 33.74 995 243 1251 | 22 %
) ¥ 30,73 994 243 043
Z | 3033 993 245 1457
10028 GPRS-FOD {TOMA, OMSK, TN 0-1-2-3) & A85 | % | 40.58 a5.4 PEYS 1357 | 225 %
| v | a7 295 231 1140
I Z | 3150 99.5 216 LAREY
101448 LTE-FOO {SC-FOMA, 50% RB, 20 MHz, ' 583 x® B8.70 984 208 1354 217 %
QPSK)
¥ 527 667 195 1193
Z 5.35 G6.8 19.7 14,7
10149 LTE-FDD {2C-FOWA, 50% FB, 20 MHz, | 642 x Ta7 £4.0 213 145.6 +1.8%
16-CRAM)
¥ 7.8 67.1 200 1272
z .53 &67.5 203 1214 -
10154 LTE-FDD (SC-FOM&, 50% RE, 10 MHz, | 576 x B.51 &67.B 20.5 1385 | 4%
OPSK) |
¥ | 54 6.1 93 | 178
z 5.98 ab.2 194 1120
10155 I LTE-FDC (SC-FERLA, S0% BB, 10 MHz. | 543 ® 7.3 &B.5 2.7 142.5 +.9%
L I6-C1AMY
¥ 5492 4E.B 199 124.8
z | 7or [ s72 207 ] 1183
Cerificate No: ET3-1558_Augt2 Paye 4 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W—-.

ETI0VE— 51558 August 24, 20712
10166 LTE-FOG (SC-FDMA, 50% RE, 1.4 MHz, 545 | x 534 66.5 19.7 1238 | AT |
QPSK} :
v | am? 853 188 1098 '
i - F 538 671 20.0 144.2
16187 LTE-FOD [SC-FOMA, 50% RE, 14 MHz, | 6.21 - x 5,34 BE0 204 1278 | £19%
18-DAM} ; :
| | ¥ | 5ER B6.3 196 112.1
i | [F3 G.47 B8.9 209 145.1
{Gi69 | LVE-FOD (SCFOMA. 1RB, 20MHz. (573 x| 425 7.1 203 1180 | #12%
QPSK) e e e o L
R _Y | 530 | 675 203 | 1474
.z 529 s7.0 20.1 137.6
0170 LTE-FC0 (SG-FOMA, T RB, 2 MHz, 652 X 616 & 4 213 202 | #1.7 %
16-2AM}
i Y | 578 g7.0 | 203 | 1098
i 2| 62 BR6 213 139.5
10175 LTE-FC:0 (SC-FOMA, t RB, 10 MHz, 572 | x | 520 654 201 1128 | 4%
arak) -
¥ | 498 £5.8 194 | 1087
s z 5.3 B7.1 2003 wa [
10176 LTE-FDD [SC-FOMA, 1 RE, 10 MHz. 652 | # £16 £8.4 .3 1208 | =1gn
T6-2AM}
N 578 670 20,3 104.0 .
7 | 623 G666 1.3 EEX R .
10187 LTE-FRD (SC-FOMA, TRE, 1.4 MHz, 574 % 5.25 ] 0.2 133 0 2%
QPsK) i
¥ | 4B 5§5.3 19.0 108.6 |
Fa 528 67.0 204 1381
10188 LTE-FOD {SC-FDMA, T RE. 1.4 MHz, 5,50 % 519 BB.5 214 1211 1.8 %
16-CAM)
¥ 572 56.8 20.i 108.5
z B.26 £68.68 215 140.5

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

* The uncertaintias of Kem ¥ 2 do nal affect the EVhetd ungedainty nmde TSL isee Pages S and 8]

# Numerical neanziinn param etor: UGNy Mok eoguired

* Ungenainly is gelermined usiag e mas, devialon fom bnear sespanse appiying reelangular distribubon and 1s expeessed for fhe square of fhe
T value.

Cenificate No: ET3-1558_Aug12 Page 5af 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W—‘.

ETIDWE— 3M:1555 Sugust 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Head Tissue Simulating Media

i Felative Conductivity | i Depth Uncl,

F{MH2)}" i Permittivity " gm)© !; ConvF X 1| GonvEY | ComwEZ | Alpha | (mm) {k=2)
750 419 0.88 6.40 5.40 G40 .33 2.57 + 120 %
835 4.5 0.80 614 514 6.14 0.58 1.88 +120%
a9 41.5 0.97 598 5938 .58 0.44 2.21 $120%
| 1450 | aps 1.20 5.7 557 527 056 | 263 | +120%
1750 40.1 137 4.7 4.497 49 0.78 2.22 £12.0 %
1800 40.0 1.40 505 5.05 505 0.0 204 +12.0 %
2450 9.2 1.80 4,15 4.15 4.15 Q.80 176 , #1240%

" Froquency validity of + 100 MHz cnly applies for BASY va 4 and hgher (Sea Page 21 @St it s rasiicted to 2 50 MHz. The unceranly is fne RSS
o! fhe ConvF uncortainty a calibration freguency and the whcersinty 2or the indicaled feequensy bang.

" py [requengies betow 3 GHE, the validity of Lsue parometess (r ang =) can be relaved to 2 10% if liguid compensation fammula is apphad to
meggured SAR valoes. AL frequenties abive 3 GH2, the validily of hssua parameters {e and o} 1s reslrched 1o & 5%, The wcerainty is the RES5 of
IR COmE unsertainty for NGIcated 1arges hssue paramelers

Cenificate Mo: ET3.1558_Aug12 Pago & of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W—‘.

ET30WG— SM;1556 AugUst 24 20132

DASY/EASY - Parameters of Probe: ET3DVG - SN:1558

Calibration Parameter Determined in Bedy Tissue Simulating Media

Relative Conductivity ! Dapth Unct.

| tiMH2)® | Permittivity” | (Stmi® | GonvFX | GonvFY | GonvFZ | Alpha ! (mm) | _{k=2)
750 555 0.95 .11 £.11 .11 050 | 197 £12.0%
836 56.2 0.97 6.00 6.00 600 | D42 225 | £120%
960 55.0 1.05 592 5.42 5.92 0.36 262 | £120%
1450 54.0 1.30 5.19 5.19 E.18 0.59 229 | £120%
1750 534 1.49 439 429 4.a9 0.50 244 | £120%
1800 53.3 152 4.20 430 420 0.80 232 | £120%
2450 527 1.85 4.06 408 4.06 0.80 0B3 ] +12D%

s Frequeazy walidily of £ 100 MHz crly apphes for ASY v3.4 and higher (see Page ), else il iz resiricted 1o & 50 MHz. Tho ueteriaanly is he RES
ot the ConvF uncemainty at calibration feequency and the cncertanly tor the indicatad frequency band.

" A1 frequencies below 3 GHz, 1he validity of tissue pacametecs (= and o can be relexed 10+ 10% il liquid compensains 1ol g appliied 1o
measured AR values. At frequencies abowe 3 GHz, Lhe validity of 11ssua parameters £ and ) is resiricted o+ 3%, The uncodainty is the R3S af
Ihe CorF uncedzinly for indicated target lissue paramelers.

Cerificate Mg: ET3-1558_Aug12 FPage Fof 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W—-

ETA0WG— Sh:1558 Auygust 24, 2012

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

Frequancy responsa (normalized)

Uncertainty of Frequancy Response of E-field: & 6.2% (k=2)

Certificate MNo: ET3-1558_Augi2 Pane 8 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETEQOM

ET3DVE SM:i668 Auguet 24, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz R22
w W
05 L 135
18z - n ac 5. .
b oo o0 i Oy B ha e
i | o
i o =5 313
if - T
@ o (] 0 & s
Ter E3 Y F4 Tl . ¥ -
B e R e T e s e B e LS
1 ; : , -
E‘ I N o = =0 SRR R L S e R e o I B S ) T
5 i : ]
e -
1 vy R M 1 S Al ; (I I S
S ho = 1 51 100 4
Rull [] .
w | = [
|f‘m.L|Z [ 4z 1300 bz 2600 EHz

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

Certificate No: ET3 1668_Augl2 Poge 8 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMW
W—.

ET3OWE- SM.1553 Augusl 24, 2012

Dynamic Range f(SARyaq)
(TEM cell , f = 300 MHz)

W1
R
A= i
5]
3
a
=
1+
10"‘L::
F. ] ,gu| »
103 40 A0 Iy 401 107
- SAR Imitemnd]
N )
not compensated cornpensaterd
2
1.
@ .
=
= o0
g
& -
= e
g : | : — ]
1002 182 1041 109 i 107
S8R [m\Wicm3) L
o] Lo
ned eampengzated COmpengated
Uncertainty of Linearity Assassmeant: * 0.6% (k=2)
Conificate Mo: ET3-1558_Aug12 Page 10 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C

ET30VE— SN 1530

August 24, 2012

Conversion Factor Assessment

1= SO0 MHz WGLS RY (H_convF)

1= 1750 MHz, WELS K22 (H_convF)

=0
ag
¥
18 L =
1n- i
. 1
§_ 25 %
2 H
© 20- 2
& LI
14~ |
1ol
(1
&
2 - 1 1
| | G
- -
S — ” ol e i |
L] m = 30 a1 L) 1 o % w0 ] ot s = 3 au
& L] =m=]
K ELE| L] L,
arahical Py anaimos Ry

CETECOM”

Deviation from Isotropy in Liquid
Error (6, 8), f = 900 MHz

Deiatien

10 -0% 06 -04 -02 00D 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)

Canlilicaili Mo ET3-1558_Auy12 Page 11 of 12
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Annex D to Test report no.: 1-6234/13-06-02-C

CETECOM"
s

ET30WE— SN 1008

fwiqust 24, 2012

DASY/EASY - Parametiers of Probe: ET3DV6 - SN:1558

Other Probe Parameters

Sensor Arrangarment Triangular
Connector Angle () 167.7
Mechanical Surace Detection Made “enabied
Optical Surface Detection Mede . enabled
! Probe Gwerall Length 33T mim
: Frobe Bady Ciameler 10 mm
Tip Length 10 mm
: Tip Diameter 6.5 mm
Frobe Tip to Sensor X Calibration Faint 27 mm
Probe Tip ko Sensor ¥ Calibration Paint 27 mm
Frobe Tip lo Sensor £ Calibralion Foint 27T mm
Recommended Measuremnenl Distance from Surface 4 mm

Cortificate Mo ET3-1558_Aug12

Fage 12 of 12
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™
Annex D to Test report no.: 1-6234/13-06-02-C CE,E M

Calibration report “Probe ES3DV3”

Calibration Laboratory of .:*"-'E—I_’f-::’”:, g Schweizerischer Kalibrierdicnst
Schmid & Partner % € Service sulsse détalonnage
Cnginesring AG s o g Servizio svizzoro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand %y ’/F“u\}‘} Swiss Calibration Sorvice
Tefialah¥
Accredited by the Swiss Accreditation Sanvira (SAS) Accrcditation Ne.: SCS 108

Tho Bwiss Accreditation Service is one of the signaturies to the EA
Multllateral Agreement tor the recognition of callbration certificatas

cient  Cetecom Cartificato No: ES3-3320 Jun13
|CALIBRATION CERTIFICATE |

Object ES30V3 - SN:3320

Calibration procedure(s) QA CAL-01.v8, QA CAL-23.v4, QA CAL-25vd.

Calibration procedure for desimetric E-field prubes

Calibration date: June 4, 2012

This ralibvatinn rertificate documants the traceabilily lo nafinnol stondarda, which renlize the phiysical units of measureenis (31).
The measuienents and ke uncertainties with confidence probatiity are gamen on the following pages and are part of the cerificate.

Al golibrationa have bean conducted in the clased laburatury facility; environment temperatune (22 + 317G and numidity < 70%.

Calibration Fiyipmant ised (M&TE eritical for calibration)}

!_F'nmzuy Standards [[¥] _Cal Date (Conificale No.j | Sehadubid Cslibration
| Power mater EA4108 | GB41263874 04-Ape-13 (Mo, 217-01733} Apn-14 =]
| Power sensor E44712A MY41498087 04-Apr-13 (No. 217-01733) Ape-14

Rsference 3 dB Attonualor SN 85054 {3r) D4 Ape-11 {(Na. 217-01737) Apr 14

Nelerenca 20 &) Atenuator SN. 35277 (20n) Dd-Apr-13 (No. Z17-017 3} Api-14
| Reterence 30 dB Attenualor Sh: 55128 (30b) 04-Agr-13 (No. 217-01738) Apr-14 _

Raferance Probe ES30V2 SM: 3013 28-Dec-12 (No. CS3-3010_Dec12) Dec-13

DAE4 SN: 660 31-Jan-13 [No, DAE4-660 Jan13) Jan-14
| Secondary Standards o vk Dl (i hourse) Scheduted Check
| BF ganerator HE 450 US3642U01700 4-Aug-99 (in house chack Apr-13 In housa check: Apr-15 =
L Network Analyzor HP 8753E LISAT XI0SAS 18-0e4-01 (in house check Oct 13} In house checic Oct-13 l

Planre Function Signature
Calibrated by: Lif Kivsner Labarainry Teshnician W
o
Approved by; Katja Pakavie Tachnieal Manager T g:
lasusd: June 4, 2011

| This catibe ativn verlificate shall no be MepraduCed exoepl in full without written approval of ihe laboratory.

Certificale No: ES3-3320_Junild Fage 101 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM

Calibration Laboratary of
Schmid & Parlner
Engineering AG

Zeughausstrasse 4%, 3004 Zurith, Switzerland

Sehweizérischer Malibrierd?enst
Service sursse d'étalonnage
Servizio syizzero di taralura
Swiss Callhration Seraca

AcCredied by the Swiss Acciedialion Senica (SAS) Accraditation Me.: SCS 108
The Bwiss Accredi{alion Service is one of the sigaatories to the EA
Multliateral Agroement for the recognition of calibrallon certificatas

Glossary:

T5L tizzue simulating liguid

NORMx vz sansitivily in free space

ConvF sansitivity it TSL/ NORMz=.y.z

DCp dicde compression peint

CF crest factor {(1iduly_cycle) of the RF signal

A4, B.C D mecduigtion dependent lingarization parameters

Palanzation ¢ u rotation arcund probc axis

Polarization 3 & rotation around an axis Ihat is in the plane normal to probe axis {at measurement canbar),

i.e., 8 = 0is normal lo prebe axis

Calibration is Performed According to the Following Standards:

a} |EEE 8id 1528-2003, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Lbsorplion Rate (SAR} in the Heman Head from Wireless Communizations Devices; Measurament
Technigues™, December 2003

by 1EC 62209-1, “Procedure to measure the Specilic Absarpficn Rate (SAR} for hand-held devices used in close
proximily te Ihe ear (fkequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
*  NORMx Y,z Assessed for E-field polarization 8 = 0 {f £ 300 MHz in TEM-cell; f = 1800 MHz: R22 wavegquide),
MORMx .2 are only intermediate values, ie.. the uncertainlies of NORMzx, v,z does not alfect lhe E’-fietd
uncerainty inside T3 {see below ComyF),

+  NORM{fep.2 = NORMyy, 2 * frequency_response (see Fraguency Response Chart). This linzarization is
implementad in DASY4 softwarg versicns later than 4.2, The uncertainty of the frequency response is included
in the slated uncertainty of ConvF.

*  DCPiy.z OCP are numerical linearization parameters 2ssessed based on the dala of power sweep with CW
signal {ne uncertainty required). DCP does not depend an frequency nor media.

» PAR:PAR is the Peak 10 Average Ralio that is not calibrated bul determined based on the signal
charachernistics

*  Axlz Bxyz Cxyz Qe i VRxpz: 4, 8 G D are numerical linearization paramelers assessed based an
the data of power sweep for specific modulalion signal. The parameters do nol depend on frequency nor
media, VR is the maximum calibration range expressed in FMS$ voltage across the diede.

+  ConvF and Boundary Effect Pararneters: Assessed in flal phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measuraments for f > 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These paramelers are
used in DABY4 software to improve probe acouracy clase to the boundary. The sensitivity in TSL correspands
to NORMx, .z * CanvF whereby the uncerainty cormesponds to that given for Convf. A frequency dependent
Convfis used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to = 100
MHz.

= Spherical fsolrony {30 deviation from isatrapy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offset The sensor offset corresponds Ko the offsel of virual measurement canter fram the prabe tip
[t probe axis). Mo tolerance required.

Certificate No: ES3-3320_Juni3 Page 2 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

ES30W3 - 5N;3320 June 4, 2013

Probe ES3DV3

SN:3320

Manufactured:  January 10, 2012
Calibrated: June 4, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ systemnl)

Cerficale Nog;, ES3-3320_Junid Page 3 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

E530V3- SN:3320 ung 4, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Basic Calihration Parameters

Sensor X Sensor Y ! Sensor Z Unc [k=2} |
Morm (LM 0.98 1.15 | 0.95 =101 % |
DCP {mV)" 104 .4 102.5 [ 103.1 |

Modulation Calibration Parameters

uin I Communication System Hame A B c ) VR Uns"
di 4By dB my fh=2)
BN ow_ x | oo Do w0 | 000 | 13r% | 2%
: ¥ 0.0 oo 1.0 1433 T
i Z | oo 0.0 0 78 ]

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
rmultiplied by the coverage factar k=2, which for a nomal distribution correspands to a caverage
probability of approximately 95%.

* The urcertainties of Normit, Y 2 do not 2ffect the E*field uncertainty nside TS (see Pages 5 and §)

" Numerigal linearization parameter: uncemanly nol requised.

b Uncanainiy is delerined using 1ke max, deviation from Knear responsa apalying reciangular disthbulan and is expressed for the square of The
Tigld walur,

Conificale No: ES3-3320_Jun13 Fage d of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMW

ESIDVI- Sh3320 SJune 4, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Head Tissue Simulating Media

Relatlva Canductivily Depth Unet
fiMHz)S | Permittivity " Sm) " ConvFX | ConvFY | ConvF2 | Alpha {mm) (k=2) |
750 41.9 .59 B.54 B.54 B.54 Q.80 1.13 120 %
B35 415 0.90 §.32 5.32 £.32 =I 0.80 1.15 +12.0%
300 41.5 0.97 £.21 £.21 g.21 .30 1.06 +12.0%
1750 40.1 1.37 523 5.23 5.23 020 118 +12.0%
1900 40.0 1.40 508 5.06 5.06 .61 1.39 +120%
2450 | agz 1.80 4.48 4.49 4.49 0.80 1.30 +12.0%

© Frequensy validly of = 100 MHz only apphes far DASY vé 4 ard higher (see Page 21, else i is ieshicled o £ 53 MHz. The uncertainly 5 the RES
atihe CenyF uncertainty at caliteslion frequency and the urcertainty for fhe indicaten feaquenty band,

~ Al frequeraies below 3 GHz, 4he validty o fissue parameters [u and &) can be relazed 18 + 10% if ligua tompensafion foomuts is apehed b
measuned SAR valuss, At frequenties abave 3 GHz, the validity of lissue parametars {u and o) 5 resirated to + 5% . The umcenainty is foe RSS af
the ConF uncatainty for indicated targel fissue parameters.

Cerificate Mo, ES3-3320_Jun13 Fage Saf 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOM

ES30W3- 5M:3320 June d, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Body Tissue Simulating Media

| . Relatve | Conductivity Depth Unct.

. F[MHz) Permitlivity {Sfm} ConvF X | ConvFY | ConvFZ | Alpha {mmj} {k=2}
o0 35.5 G396 6.36 .36 6.36 0.80 1.14 £12.0 %
£35 552 0.97 5.20 6.29 6.29 0.73 1.16 +£120%
2K 55.0 1.05 i 625 6.25 B25 | 473 1.03 +12.0%
1750 5634 t.48 5.04 544 5.04 0.74 1.28 £ 12.0 %
1800 3.3 1.52 T8 4.78 4,78 0.5& 152 120 %
2450 527 1.95 4.38 4.35 4.36 Q.74 i1 120 %

¥ Fraquency wolidity of £ 100 MHz only apples for ASY wd.4 and higher [ses Fage 2), else 1l is resircled (o + 50 MHz. The Lnzenainty is lhe RES
af the CoevF unceriainty al cahbration fequancy and the uncertainty for 1he wdicated frequancy band.

F A1 frequencies below 2 GHz, Ihe valdily of Issue paramaters {e and o} can b relized 1o+ 40% FLaued compensation formula is apped io
measured SAR values. At frequencics abore 3 GHz. 1he valdity of tissue parameters (; aad ) is restncted 10 + 3%, The uncerteinly is [he BES af
the ConvF urcedginty for mdicaled fa2ge! Issue parameters,

Certificate Mo: ES3-3320_Jun13 Page & af 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETEQOM

ES30V3- SNA3MN June 4, 2013

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Respunse of E-field: + 6,3% (k=2)

Cerlificate Nu. ES3-3320_Jun13 Fage ¢ of 11
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Annex D to Test report no.: 1-6234/13-06-02-C mfgo_M

ES3DVA- SN-3320

Juned, 2013
Receiving Pattern (¢), 8 = 0°
=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial lsotrapy Assessment: + 0.5% (k=2)

Cerlificale No: ES3-3320_Jun13 Page Bot 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMW

ES3DV3- SN:3320 June 4, 213

Dynamic Range f{SARc.q)

{TEM cell , f=900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2}
Certificate No: ES3-3320_Jun13 Fage 9 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C ‘E’EQM

ES30DV3- SN:3320 Juned, 2013

Conversion Factor Assessment

f = 900 MHz, WGLS RS (H_convF) 1= 1750 MHZWGLS R22 (H_convF)
= — il o o
an- |
13 : =
Ay
z,.] i
E ao .P
;. 20'_ ;- L
1 n: ¥
1 "*
. ﬂn L mn W an L L) '\J : H - = "). x 3 ) = -
& jmm} # ] i
) Y] i Y|
wdeal T s Ul
Deviation from Isotropy in Liquid
Error (¢, 3), f = 900 MHz
1.0 -08 -08 -D4 <02 00 0Dz 04 06 08 1.0
Uneertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
Certificate No. ES3-3320_Jun1d Page 10of 11
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Annex D to Test report no.: 1-6234/13-06-02-C

CETECOM™

ES30V3- 3MN:3320

June 4, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Other Probe Parameters

Sensor Arrangement Triangular

" Cannector Angle {7) ’ ETR::
Mechanical Surface Detection Mode - enabled
Optical Surface Deteclicn Mods _ disabled
Probe Overall Length 337 mm’
Probe Body Diameter 140 rmem
Tip Length 10 mm
Tip Diarreter 4 rmm

| Prabe Tip to Sensor X Calibration Paint 2 mm
Praobe Tip to Sensor ¥ Calibration Paint 2 mm
Probe Tip to Sensar Z Calibration Paint 2 mm
Retommended Measurement Distance from Surace 3 rnm_!

Cerificats Mo: ES3-3320_Junia Page 11 of 1
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Annex D to Test report no.: 1-6234/13-06-02-C

5  Calibration report “Probe EX3DV4”

Calibration Laboratory of
Schmid & Partner

Engineering AG
ZTeughsussirosse &3, 8004 Zunch, Swizerland

#cciadited by the Swis Aocreditation Serdos (SA5)

Ty

Sehwsirarisziar Kallbris ke
Service sulase dalonnage
Sarvizlo svizzer df tarstara
EHwiss Cabbration Servion

Accrditation Na,: SCS 108

Tha Swiss Accreditakion Sarvica ks ons of ths skynatones i the E&
Muiltilateral Agreement for the recognifion of caliiration cerificaies

cient  IMST mn:'.iuuu: EX3-3536_Sep12
|CALIBRATION CERTIFICATE
Oibject EX3DV4 - SN:3536
| Calibration procsdurss) CIA CAL-01 w8, QA CAL-14.53, OA CAL-23.v4, QA CAL-26.wd
Calibration procedure for dosimetric E-field probes
Callration date Saplamber 24, 2012

Galbrabon Equipmanl wsed (MATE crisical For caibratan)

This calkvalian carificaie documens the ieceabiity to natoral sinndards, which rezizs 1he piTgnioad unis of messymmnnis {5)
Tha massunsmenks and the urcertairmiss with confidence prabobilty ans ghan on the fidlowing pages and s pam of he catifcaba

Al calmtions have been conduciad in tha closad laboraiony TasiBy ersircaman lemparatune (22 & 31°C and Fumidiey < T0%

| Primasy Saantands [x] Cal Date {Certilicata Mo | | Schoduled Calkeation
| Power meser E44198 CB41793374 20-War-12 (Mo 217-0n508) Api-1d
= Power sensar E441 24 M4 498087 F0-Mar-17 (Mo, $17-0450R) Api-18
Rulerance 3 4B Atlenusts Sh: 55054 (3ch ZT-Mar-12 (Mo 217-01831) Apr-13
Aelerence 20 dB Afienuiar Sh SHIBN (20 FT-Mar-13 (Mo #17-01528) Api-13
Ralerancs 30 JB Mienusior ShE 85120 (a0 7 -Mar-12 (Mo, 217-01533) Apr-13
Finference Probe ES3V? 8N 313 28-0ec-11 (Ko ES3-3013 Decil) Dec-12
DAFd SN 680 B | 2en1z o nnERB60_tuniz) Jun-13
Secondary Standards 1] Cheeck Date [In houss) __| Beheduled Check
FF ganersion HF‘.BE‘!QC US3E43001 700 2-A0-50 lin house chack Ap-11) in btz chack, Aar-13
Matwork Analygor R BT53E US3TIB0GES 18-0ct-01 (in hoarse check Oct-11) In hoose checi;: Oct12
- Hama Furnlics Signature
Caibrated by: dutan Kagist Ladormory Techrician (:_ "'_C"L,_
Appercran by Hiska Pokomic Tachnical Managar

ez

Issuad Sepbermbar 28, 2012

Thiz calbration cemilicae shall rol be reproduced extept in £8 without eiitten approval of the iaboralory

Cartificaie Mo; EX3-35836 Sepi2

Page 1al 11
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Annex D to Test report no.: 1-6234/13-06-02-C

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughsusatrasee 43, 004 Zurich, Switzeriand

Schrwelmerischer Kallbrierdignst
Sarvice suissa d'italennags
Servirio sviEpers & tatatara
Swiss Calibration Servicn

Angracited by the Swiss Actredilation Service (5AS) Accreditation Ne.: SCS 108
Tha Swiss Accreditation Service is one of the signatories to the E&
Multilateral Agreement for the recognition of calibratien certficates

Glossary:

TSL tiasue simulating liquid

MHORMs Y,z sensitivity in free space

ConvF sansitivity in TSL S NORMx vz

ncp dioce COMpressicn poing

CF crest fector (1/duty_cycle) of the RF signal

ABC modulation dependant linearization parameters

Polarization ¢ ip rotabon anound probe axis

Polarzation 5 & rotation arownd an axis that is in the plane normal to probe axis (al measurement center),

e, % =0 s normal 1o probe g

Calibration is Parformed According to the Following Standards:
al |EEE 3t 1528-2003, “IEEE Recommendad Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniguas®, December 2003
by |EC 622091, “Procedure lo measurs 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

Hu‘lhuds Applied and Interpretation of Parameters:
MOFM: Y,z Assessed for E-fleld polaization 3 = 0 (f < 900 MHz in TEM-cell; f = 1800 MHz: R22 wﬂvag.nde}
NORMey,z are only intermediate vakes, Le., the uncenainties of NORMx,y.z does not affect the EX-field
uncanainty inside TSL (see below CormF).
= NORM{Tx 2 = NORMzxy. 2 * frequency_response (see Frequency Response Chart). This linearizaton g
implemented in DASYS softwane versions later than 4.2, The unceriginty of the frequency response is included
in the stated uncertainty of Conwr.

*  DCPxy.z DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncarteinty required). DCP does not depend on frequency nor medsa.

= PAR: PAR is the Peak to Average Ratio that is not calibraled bul determined based an the signal
characteristics

- A.w.y.f.' B.t,}',z.' Cx. .z, VR .z A B, Care numearncal lineanization parameaters assessed based on the data of
powar sweep for specific modutation signal. The parameters do not depend on frequency nor media. ¥R is the
meximum calibration range expressed in RMS voltage across the Gode

= Convi- and Boundary Effect Paramelers: Assessed in flal phaniom using E-field [or Temperature Transfer
Standard for T < BOD MHz) and nside waveguide using analytical field distributions based on power
measurements for f = B00 MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical unceriainty values are given, These parameters ane
uged in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
o NORIMx Y,z * ConvF whereby the uncartainty correspands to that given for Com®. A frequency dependant
ConvF is used in DASY version 4.4 and higher which aliows extending the validity fram + 50 MHz 1o + 100
MHz,

= Sphedcal isodropy [0 dewviation from izofropy): in a field of low gradiants reallzed using a flat phantom
exposed by a patch anlenna.

= Zensor Offsel The sensor offset comesponds to the offset of virtual measurement canter from the probe tip
[on probe axis). Mo tolerance reqguined.

Cartificate Mor EX3-3536_Sepi2 Fage 2 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETEQOM

EXI0VA — SM: 2536 Eapbamber 24, J42

Probe EX3DV4

SN:3536

Manufactured:  April 30, 2004
Calibrated: September 24, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY2 systemn!)

Carlificate Mo: EX3-3536_Sepl2 Pago 3 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CELE-Q_HM

EWAMW- AN-385A Saptember 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3536

Basic Calibration Parameters
Sansor X Sensor Y Sensor 2 Unc (k=2})
Merm {WVivim)°) 0.43 0.43 036 £ 107 %
OGP [my)" 9R.0 95.0 1008

Hadulatlan Calibration Parameters

Communication System Name PAR A& | B [+ VR | Unct

di dB di my [k=2)

[0 (=0 0.00 k3 0.00 0.00 1.00 155.5 +3.5 %
bd 0,00 0,00 1,00 143.2
Z 0.00 0,00 1,00 1334

The reported uncertainty of measurement is stated as the standard uncerainly of measurermeant
multiplied by the coverage factor k=2, which for a normal distibution corresponds to a coverage
probability of approximataly 95%,

'I'III: s Ralnllys of PG T T ey ron gifec the B 'TEID UNCETRINTY FSI0E |50 (S6R FEJas b AN h)

¥ rumetical ineanzation pammeter: uncRrANGyY nol required
* Uncenainty is determinged using the max. devaticn from Inear responss spoling reciangular disrubion and & ssprasssd for the squans of the
fiehd value

Cerdficate No: EX3-3536_Sepi2 Page 4 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C

EXAMNUE- BR-BRAG Depternber 24, B2

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3536

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conduciivily Depth Unct,

FiMHz)® | Permittivity© (5m) ConvF X | ConwFY | ConwFZ | Mpha | [mm) [k=2)
1350 40.0 1.40 a.41 £.41 841 0,45 0,71 +12.0 %
2450 39.2 1,80 7.76 7.76 776 | 042 0.83 £ 12.0 %
2600 3.0 1.98 7.61 764 7.61 0.44 083 2 120%
3500 374 2. 7.44 7.44 7.44 077 0.62 £131%
5200 36.0 486 5,34 534 34 | 040 1.80 131 %
5300 354 4.76 5.03 5.0% .03 0,40 1,80 £ 131 %

1

5600 355 5.07 4,79 4.79 478 | 040 1.80 £13.1%
5R00 35.3 527 4,66 4 68 466 | 045 1.80 $131%

E Frequency valdily of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), alse # is restricted 1o £ 50 MHE. This uncetanty is the RES
o the ConvF uncerainty af calibration freguansy and the uncerainy for the indicated frequency bandl

" & trequencias bekos 3 GHz, Bhe validity of lissue parametens (o and o) can be relaxed 1o £ 10% f iguid compensation formula i appied to
maaaured SAR valuss. Al frequencies abowe 3 GHz, the valdity of issue parameters (& and o) is msinctad fo £ 5%. Tha unpartanty i ta BSS5 ol
the ConvF mcartalnty for indacabed 1Argel 1EE0e parametan,

Certilicale No: EX3-3538_Sepi2 Paga 5 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C “’E

EXA0VE- SH:3536 Saplember 24, 212

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3536

Calibration Parameter Determined in Body Tissue Simulating Media

Redative Conductivity | Depth Unct.

fIMHZ)® | Parmittivity " (sim) " ConvF X | ComvF ¥ | ConvF Z ' Alpha  [mm] (=2}
1850 533 1.52 840 8.40 840 : 0.33 1.04 +12.0 %
2450 527 1,95 7.55 7.55 7.55 I 075 0,62 £ 120 %
2600 | 525 2.16 7.30 7 30 730 | 080 | 050 | *120%
3500 513 331 6.79 .70 B.79 032 1,28 £13.1%
5200 45.0 5.30 4,87 487 4.87 0.45 1.80 £13.1%
5300 48.9 542 4.59 4.50 4.50 0.45 1.90 £13.1%
5600 48.5 57T 4.32 432 4.32 045 1,80 £ 13,1 %
5800 8.2 .00 443 4.43 4.41 0.55 1.80 #13.1 %

© Frequency valdity of + 100 MHz only applies tor DASY w44 and figher (g2 Page ), else it is resiricted 5o & 50 MHz. The uncertainty s the RS
fﬂm ConwF uncamsinty af calibration frequency and the unoertainky for the indicated neguercy band,

Al frequancies balow 3 GHe, the validity of issse paramaters (& and o) can be relased (0% 105 i igud compensation lomula & applied b
messed SAR walues. Al frequencies abowe 3 GHz, the wslidiy of Seue param elecs [k and o) is resricied 1o + 5% The uncerainty & tho RES of
tha ConvE uncartainty Tor indcabed 1anpst s ue paramelers.

Certificate Mo EX3-3536_Sepiz2 Page & of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CELE_QM

EX30V4— BM:3536 Lopternber 24, 2012

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

15 - - — ;
1.4
i | e
T - i
% 1.2 i . i -
E 11 | i ,
3 = - i i
£ qpet il - . S be
= et
oy
£
g oe- i .
]
L UF—:' 1
Qe
ﬂﬁ I — | i | | I I 1 | I | 1 11 i I L0 i
1] 500 1200 1500 2000 2500 3
f [MHz]
i o
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Cartificate Mo EX3-3536_Sep12 Page 7 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CELE_QM

EXIDWd- ENA536 Loptomber 34, 3013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
W o
o i 13 i
[ I
=) Wbz, e oafae M = H : .-_.LL_-FIJ_I'II as o "
E E TH : il
m ]
L] [] [ » a .
Tal X | F o Tat x ¥ 2z
0.5
E" i : ; - - .
|—_I_I_:r N N T — i I i 1 . T T 1 Ll - I 1 1
i 00 A1 ! o 104 o
i Roll [
1|,'i'%l.: E,;F.H-—'.: 1ali_~IH; zﬁﬂtﬁl-;
Uncertainty of Axial Isotropy Assessment  0.5% (k=2)
Ceriificate Mo: EX3-3536_Sepi2 Paga 8 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C

EXIDWE— SN:3536 Sepiember 24, 2012

D}'I"Iﬂl'l'lif- Range ﬂSARhaad}
(TEM cell , f = 900 MHz)

=
m
2
02 1C-1 108 101 02 102
AR [mWiem3]
] .|
=3 Compansated campansatec
Uneertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: EX3-3538 Sepl? Page 9 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C ‘E’EQM

EX3D4- 5h:3536 Seplember 24, 3012

Conversion Factor Assessment

= 2450 MHz WGELS R22 [H_conmF) = 2450 MHz WGELS RE2 (M_comF)
!-55 "T
:IA:\é b Ol
» i1
= e 1
i i
154 | 1| 1
ml | ]
I I
!-} | . !
[ i i s -- Ll _:'.:.‘rr D.——--—r-——-—'----:--- L '.-._1.1.',":'—__
a L] # ih :ﬁtnl | o = o ] E o - :ffn: = m- = i
e it viine -
Deviation from Isotropy in Liquid
Error (¢, §), f = 900 MHz
-ig -04 08 04 02 00 02 04 05 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Carlificate Mo: EX3-3336_Sapi2 Fage 10of 11
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Annex D to Test report no.: 1-6234/13-06-02-C

CETECOM"

EX30NV4- Sh-3536

Eaplombar 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3536

Other Probe Parameters

Smnsor Arrangament Traangular
Connector Angle (%) 1751
Mechanical Surface Detection BMode enabled
Ciptical Surface Datection Mode disabled |
Probe Gverall Langth 33T mm
Probes Body Diameter 10 mm
Tip Length 2 mim
Tip Dizmeter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Caligration Point 1mm
Prote Tip b Sensor Z Calibration Poim 1 mm
Recommended Measuremant Distance fram Surface 2mm

Certificate No: EX3-3538_Sep12 Page 11 of 11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMN

6 Calibration report “750 MHz System validation dipole”

Cﬂllbrﬂtlan Laboratory of A L\T;’:J., Sehwelzerischer Kalibrierdienat
Schmid & Partner ;ﬁ-—% Service suisse d'stalonnage
Engineering AG = o Servizio svizzero di taratura
Zeughaussirasss 43, 8004 Zurich, Swilserland 'a;"';.ﬁ\"‘}; Swiss Cahbration Service
MR
Accreditad by the Swiss Avcredilelion Service (SAS Accraditation No.: SCS 108

The Swiss Aceredifation Service is one of the slanataries to the EA
Multilateral Agresment for ths recognition of calibration centificates

cllem  Cetecom Cediificate No: D750V3-1041_Augii
CALIBRATION CERTIFICATE |

Ozsct D760V3 - BN: 1041 |

Caltetion procsdurcis) QA CAL-05.v8
Callbraticn preeedure for dipole validation Kite above 700 MHz

Caliration date August 10, 2011

I s zahtration cenricale documents the racesbilily to natineal standards which roalize the physical units of reeasurements (S1)
The maasurements and e urcatainties with confidence probability are given on the ‘cllswing pages erd ars part of the cenlicats.

All calibraficns have been conducted n the closad laboratory “2cility; emvironment empeiiue (22 + 3970 and lonidy < 70%,

Calibratcn Cquipmenl used {METE artical for ca ibration)

Prmary Standards | D+ Cal Dae (Cafificate No.) Schdubod Cali uratinn

Prvier matar EPM-4424 GRAT4E0704 06-0ct-10 (Mo 217-01266) Oct-11

Power sensor HP 84814 USaTeceTa3 06-Cet-10 (Mo, 21 7-01265] Oct-11

Relenmics 20 dB Allenuslor SN: 55086 i20D) 29.Mar-" 1 iMo. 217-0 1357, Apr-1%

Type-M mismatch combination SM: 5047.2 / 35327 20-Mar-" 1 iNo. 217-C1371; Apr-12

Meterence Crobe CS30vY HMERUE EB-Apr-171 (Mo, E53-53205_8011] Apr-12

DAE4 SM: H01 Od-ul-11 (Mo, DAFL-G01_hi11) Jul-12

Socu sy Slandanis |ID# Chack Dals iin wuse) Schaouled Chack

Puoneer sensor HP BAS1A Y4 0aZ3IT 18-0ct-C2 {In house chac< Cor0a) In house ehieal: Oo-11

NF generator N5 SKT-06 100005 Q4-ALg-98 fin house check Oul-09) In howse check: Oo- 1

Maiwork Analyzer HP ATSAF | LISE /9dinss 54206 1B-0cl-01 {in house chec< Oct-10) In housa check: Oct-11

Mame Function Signatun:

Calizated by, Limce lllev | shoratony Technician jEJ F’be{ ~

Approsad by: Kalja Pokovie Technica. Menager e /ﬁ,ﬁ_’{
Issuea: August 10, 2011

Thie cslia-ation cerfcate shell notbe reproduced sxcept in full without wiitten approval of the laboratory.

Ceriricate Mo: D750V3-1041_Aug i1 Pagc 10t 8
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMN

Calibration Laboratory of
Sehmid & Partner
Engineering AG

Zsughausstragss 43, BUM Zurich, Switzerland

SBchwelzcriache Kalilnizidiensl
Service suisse d'étalonnage
Servizie svizzero di taraturs
Swiss Calibration Service

Avcretited by e Swiss Acoraditation Service (SAS) Becreditation Mo SCS 108
The Swiss Accreditation Servics is ons of the signatoriee to the EA
Multilateral Agresmant for the recognition of calibration cerlificalas

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003. “|[EEE Recommended Practice for Detenmining the Paak Spalial-
Averaged Specific Absorpticn Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

b} |EC 62209-1, "Procedure lo measure the Specific Absorption Rate {SAR) for hand-held
devices used in close proximity to the sar (frequency range of 300 MHz o 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Fvaluating Compliance with FCC Guidelines for Human Expesure o Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation;
d) DASY4/s System Handbook

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

¢ Antenna Parameiers with TSL: The dipole is mounted with the spacer 1o 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 Relurn Loss: These parameters arc measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed poinl. The Return Loss ensures low

reflected power. No uncertainty required.

» [Electrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

=  SAA measured: SAR measured at the stated antenna input power,

»  SAR normalized: SAR as measured, normalizad to an inpul power of 1 W at the antanna
connector,

- SAA for nominal TSL parameters: The measured TSL parameters are used to calculats the
nominal SAR result.

Cerliiicate No: D7R0V3I-1041 _Auoii Page 2 of &
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Annex D to Test report no.: 1-6234/13-06-02-C

CETECOM
o

Measurement Conditions
DASY system configuration, as far as rot given on pags 1.

DASY Version DASYS vE2.6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Ph;am
Distance Dipole Center - TSL 15 mm with Sparcar
Zoom Scz-:-n RBesolution dx, dy, dz = 5 mm
Frequency 750 MHz =1 MHz
Head TSL parameters
I he tfollowing parameters and calculations were appied. N o
Temperature Permittivity Conductivity
MNominal Head TSL parameters 220°C 41.9 0.83 miw/m
Measzured Head TSL parameters (22.0x0.2)°C 12326% | 0.82 mho/m =6 %
lead T3L temperature change during leal = 575 - -
SAR result with Head TSL
SAR averaged over 1 cm”’ (1 g) of Head TSL Condition
SAH maas.ured 250 mW nput powsar 218mW /g
SAR for nominal Head TSL parameters nomalized 1o 1W 8.44 m\W /g = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
S5AR measurad 250 mW input powsar 1.4 mWE
SAR for nominal Head TSL parameters nommalized to 1W 5.54 mW /g = 16.5 % (k=2)

Body TSL parameters
The fol cwing parameters and caloulgtions wers appllied.

Temperature Permittivity Conductivity
Neminal Body TSL parameters 22.0°C 65.5 C.86 rmha/m
Measured Bady TSL parameters 220x£02)"°C 556+ 6 % 0.96 mhofm £ 6 4%
Body TSL temperature change during test <05°C - s
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Caordition
GAR measured 250 mWW irpul powe 220 W /iy

SAR for nominal Body TSL parameters

nomma ized to 1W

8.80 mW f g £17.0 % (k=2)

EAR avernged over 10 em? (1D g) of Body TSL

condition

SAR measured

250 mW input power

145 mW /g

SAHR for nomina' Body T3L parameters

nomalized to 1W

5.80 mW /g = 16.5 % (k=2)

Cerricate No: D7E0V3-1041_Aug11
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMN

Appendix

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 534 -30j0

[ Roturn | nes -27.2d0

Antenna Parameters with Body TSL

Impedancs, transformed to feed poin: 4200 -490
Return Loss -26.1cB

General Antenna Parameters and Design

Elcctrical Delny {one direction} 1.01C ns

Aftzr long term use with IDOVW mdiated power, only a slight warming of the cipole near the fozdpoint can be measurad,

The dipole is made of standard semirigid coaxial cable. The cenler conduclor of the leeding lire 's direcly connected to the
sarnni arm nf the dipole. The artenna is theretore short.circuited tor DC-gignals.
Mo excessive force must be applied to the dipole arms, bacauss they might bend or the soldersd connections near the

feedpoin: may 2 damageo.

Additional EUT Data

Wanufacturca by SPLAG
Manufzctured on July 28, 2011
Ceriicale No: C7a0V3-1041_Aug 11 Pagc4of 8
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Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W

Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 53.4Q - 3.0/Q 54.1Q -2.6/0

Return Loss -27.2dB -26.6dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgi?]t[ormed to feed 49.0Q - 4.8/Q 4850 -6.8/0

Return Loss -26.1dB -25.5dB
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DASYS5 Validation Report for Head TSL

Date: 10082011
lest Laboratory: SPEAG, Zurich, Swilzzrland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1041

Comuunication Systci: CW: Frequency: 750 M1z )
Madium purameters used: £ = 750 MHz; o = 0.92 mho/m; £, =42.3: p= 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANST CR3.19-2007)

DASYS2 Conliguration:
o  Probe: ES3DVE - SKN3205; ConvFe 33, .33, 6.33); Calibraed: 29.04.2011
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAL Sn60]: Calibrated: (4.07.201 |
¢ Phamow; Flal Phantom 4.91.; Type: QDUOOPASAA; Serial: 1001

« DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Head Tissue/Pin=250mW, d=15mm/Zoom Scan (7x7x7)/Cube O:
Measurement grid: dx=3mm. dy=3mm, dz=5mm

Reterence Valve = 53707 ¥im: Power Diift = 00027 dB

Peak SAR (extrapolared) = 3.270 Wike

SAR(1 g) = 2.16 mW/g: SAR(10 g) = 1.41 mW/g

Maximum value of SAR {measured) = 2.528 mW/g

40
T20

950

0 dB = 2.530mW/a

Cartificale Mo D7S0VA-1041_Augii Page5Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Repaort for Body TSL

Date: 10.08.2011
Test Laboralory: SPEAG, Zurich, Swilzerland
DUT: Dvipole 750 M Hz; Type: D750V, Serial: D7S0V3 - SN: 1041

Conununicarion System: COW: Frequency: 750 MHz

Medium parameters used: =750 MHz; 0 = 0.96 mhofm; & = 55.6; p = 1000 kg-’nl"
Phantom section® Flat Section

Measurament Standard: DASY S (IEEE/IEC/ANST Co3 19-200070

DASYS2 Configuraricn:
s Probe: ES3DV3 - SN2205; ConvE(6.12, 6,12, 6.12): Calibrated: 29.04.2011
o Sensor-Surlace: 3mm (Mechanical Surface Detection!
o FElectronics: DAE4 Sn6i: Calibrated: (4.07.2011
= Phamom: Flar Phantom 4.91.; Type: QDUCOP49AA: Serial: 1001

= DASYSZ 32620482 SEMCAD X 14.4.5(3634)

Dipole Calibration for Dody Tissue/Pin-250mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measursment grid: dx=5mm, dy=>mm, dz=5mm

Reference Value = 529260 Vim; Powesr Drili = 002 dB

Peak SAR {extapolated) = 3,280 Wikg

SAR(T g) = 2.2 mW/p: SAR(10 g) = 1.45 mW/g

Muaximum valve of SAR imeasuredi = 2.374 mW/g

R ER ]

0 dB = 2.57/0mW/g

Ceriificate No: DFSOM2-1041_Aug1i Page T of &
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Impedance Measurement Plot for Body TSL
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7 Calibration report “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Foughausetracss 43, 8004 Zurich, Switzerland

Schwelzerccher Kalibrierdienat
Service suisse d'etalonnage
Servizio svizzero di taratira
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Aecreditation No: SCS 108
The Swise Accreditotion Garvice ia ane of the signatories to the EA
Muitiiateral Agreement for the recognition of calibration certificates

Client Cetecom Certificate No: DB35V2-4d153 Juni3
CALIBRATION CERTIFICATE
—
Object DR35V2 - SN dd153
Calbation procedune(s] QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibraon date: June 06, 2013

This calibration ceriticata documents the tracrahiity fo natinnal standands, which realize the physical units of maasuraments (S0,
The measurements and the uncertainties with confiver e prulsability ame given on U lollewing pages and are pan of e camhcane.,

All calibrations have boon conducted in the clused laburatory facdlity; ervirgnment lemperature (22 + 31°C and humidily < (0%,

Calibration Equipment uasd {MATE edlical for caliration)

Primary Standards lipe Cal Data (Certificate No.j Sulmduled Calitmatlun —_I}
Power meter EPM-4428 GBE374B80704 01-Mav-12 (No. 217-01640) Dct-13

Priwar cananr HP B4R1 A USar2027ea 01-Mov-12 (Na. 24 7-016840) Ot 13

Aofemence 20 B Allens-ion SM: 5058 (20k) C4-Apr-133 (No, 21701 7384) Agpr-14

Type-M mismalch combination SN: 5047.3 / 06327 04-Apr-13 (No. 217-01733) Apr-14
| Rotarance Probe ES30V3 EM: 3205 20-Dec-12 (No. C53-3200 Deci2) Dec-13

DaEs LA 25-Apr-13 (No. DAE4-601_hpr13) Apr-14

Socondary Standards Ds Check Date {n house) Scheduled Check
Powear sensor HP B481A MY41082317 18-0ct-02 (in housa check Oct-11) In hevme cherk: Oet-13
RF genomtor N&S SMT-06 100005 O=Aug-98 [in lwyse chieck Cul-11) I howse check: Ool-13
Metwork Analyzer HP B753E US37380585 54206 18-0ct-01 {in housa check Oo-12) In house check: Oct-13

Namn Function Signatura

Crafibn alesd Ly, Lell Klysnier Laboratory Technician W/w
L
Appraved by: Katja Pokovic Tachnical Manager ; ,::E-_?ér;

lzeund: Juna &, 2013

| Nis calbraton conmcats shall not be reproduced except in full without written approval of the labaralony.

Certificate No: D835V2-4d153_Juni3 Page 1 of &
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrazse 43, 8004 Zurich, Swiltzertand

Sthweizerischer Kal|bricrdiens]
Sarvice auisse d'étalonnage
Servizie syizzero di taralura
Swiss Calibration Servies

Acctedited hy the Swiss Accrediation Servce {SAS) Accreditation Ng.: SCS 108
The Swigs Aceredltation Serviee is one of the signateries to Ihe EA
Mukttlgteral Agreament for the recagnition of calibration certificates

Glossary:

T5L tissue sirnulating liguid

ConvF sensitivity in TSL/ NOBRM x,v,z
MNAA rot applicatle 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 Techniques”, December 2003

b) {EC 62209-1, "Procedure to measure the Specific Absarption Rate {SAR) for hand-held
devices used in clase proximity to the sar (frequency range of 300 MHZz to 3 GHz2)*,
Eebruary 2005

¢] Federal Gommunications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional infermation for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radicfrequency 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 centificate. All figures stated in the certificate are valid at the frequency indicated.

= Antenna Parameters with TSL: The dipole fs maunted with the spacer fo position its feed
point exactly below the center marking of the flat phantom section, with the arms orented
parallel to the body axis.

s  Feed Point impedance and Return Loss.! These parameters are measured with the dipole
pasitioned under the liquid filled phantom. The impedance stated is transfored from the
measuremant at the SMA connector 1o the feed point. The Beturn Lass ensures low
reflected power. Mo uncerainty required.

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

»  5AR measured: SAR measured at the stated antenna input power.

»  S5AR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
cannector,

= SAH for nominal TSL parameters: The measured TSL parameters are usad to calculate the
nominal SAR result.

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

Cerificale Na; D835V2-4d153, Juni3 Page 2013
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Measurement Conditions
OASY systam configuration. as far as nat g

iven un page 1.

DASY Versicn OASYS ¥h2.8.6
Extrapclation Advanced Exlrapolalion

Fhantom Wodular Flat Phantom

Distance Cipole Canter - TSL 15 rorn with Spacer

Zoom Scan Resalution

tx. dy. dz =5 mm

Frequency

835 MH2z £ 1 MHz

Head TSL parameters

The following parameters and ealoulalions were applied.

Temperature Fermittivity Conductivity
Nominal Head TSL parameters 22.0C 415 0.90 mha/m
Measured Head TSL parameters {(220+0.2)°C a04d + 6% 0.54 mho/m = 6 %
Head TSL temperature change during test =05°C
SAR result with Head TSL
SAH averaged over 1 cm” {1 g) of Head TSI, Candilion
5AF measured 250 mW input power 208 Wikg

SAR ter nominai Head TSL parameters

nommatized 10 1%

9.58 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em® (10 o) of Head TSL

conditian

SAR measured

230 mW inpul power

1.60 Wikg

AR for nominal Head TSL paramelers

normalized to 1w

6,21 Wiky = 16.5 % (k=2)

Body TSL parameters

The following parameters and galculalicns were appled.
Temperaturs Permittivity Conductivity
Mominal Body TSL parameters 2203 552 0.97 mhoa/m
Measured Bady T5L parameters [220=02°C 5456 % 1.00 mho/m + 6 %
Body TEL temperature change during test <05
SAR result with Bady TSL

SAR averaged over T o’ [1 g) of Body TSL Condition
SAR measured 250 my¥ input power 2.4% Wikg

SAR far nominal Body TSL parameters

noernalized W 1w

9.90 W/kg + 17.0 % (k=2)

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

conditian

SAR measured

250 MW inpul powet

1.56 Wikg

SAR for nominal Bedy TSL parametors

narmalized o 1W

6.12 Wrkg £ 16.5 %% (k=2)

Centificate No: DEIEVE-4d183_Jumi3

Fage 3ol &
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Appendix

Antenna Parameters with Head TSL
Impedzance, ransformed 1o fead point B200-270
Raturn Lozs - 2%.E dB

Antenna Parameters with Body TSL

I Impedance, transformed to fead point ATH L - 4340

‘ Return Loss -25.8 dB

General Antenna Parameters and Design

Electrical Delay fona direction) 1,432 ng

Adter long term use with 100W radiated power, only 2 slight warming of the dipole near the feedpoint can be measured.

The dipele is made of slandard semirigid ¢omxial cable. The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-sigrals. On some of the diprles, small and caps
are added 1o lhe dipole amns in order to improve malching when toaded according i the posifion as explained in the
"Measurement Conditions” paragraph, The SAR data are not aflected by this changa. The averall dipole langth is skl
aceording to the Standard.

Mo excessive force must be applied 10 the dipofe arms, because they might bend or the soldered connections near the
teadpgint may be damaged.

Additional EUT Data

Marufaciured by SPEAG
Manufaciured on December 28, 2012
Cettificate Mo: DB3SWZ2-4d153 Jun13 Page 4 of &
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DASYS5 Validation Report for Head TSL

Date: 06.06.2013
Test Laboratory: SPEAG, Zurich, Switscrland
DUIT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - §N: 4d153

Communication System: UID 00 - CW ; Frequency: 835 Mllz

Medium parameters used: ['=835 MHz; o= 0.94 S/m; &, = 40.4; p = 1000 kgfrn"
Phantom section: Flat Section

Measurcment Standard: DASYS (TEEEARC/ANSI €63.19-2007)

DASYS2 Configuration:
= Probe: E53DV3 - SN3205; ConvF(6.03, 6.03, 6.05); Calibrated: 28.12.2012;
« Sensor Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phantom: Flat Phantom 4.91.; Type: QDOOOP49AA: Serial: 1001
o  DASYS252.8.6(1115) SEMCAD X 14.6.97117)

Dipole Calibration for Ilcad Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 57.262 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.78 Wikg

SAR(] g) = 2.49 Wikg: SAR(I0 g) = 1.6 W/ky

Mauximum value of SAR (measured) = 2,92 Wike

1m

Certificate No: D835V2-4d153_Jun13 Page 5 of &
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Impedance Measurement Plot for Head TSL
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Certificate No: DB35V2-4d153_lun13 Page6of 8
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DASYS Validation Report for Body TSL

Date: 05.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2: Serial: DR35V2 - SN: 4d153

Communication System: UID 0 - CW : Frequency: 835 MHy»

Medium parameters used: f = 835 MHz; o = | S/m; & = 34.5; p = 1000 ko/m’
Phantom scetion: Flat Section

Measurement Standard: DASYS (IEEE/MEC/ANSI CA3.19-2007)

DASYS2 Conliguration;
«  Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28,12.2012:
= Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAF4 Sn601: Calibrated: 25.04.2013
+  Phantom: Flat Phantom 4.9L; Type: QDODOP49A A Serial: 1001

* DASY5252.8.6(1115); SEMCAD X 1469(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=5mm

Referenve Value = 54.892 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.59 Wikg

SAR(T g) = 2.41 W/kg: SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.81 W/kg

‘Lau

400

Az00

0dB =231 W/kg =449 dBW/kg

Certificate No: D835V2-4d153 Jun13 Papge 7 of 8
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Impedance Measurement Plot for Body TSL
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8 Calibration report “1750 MHz System validation dipole”

Calibration Laboralory of
Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switrerland

Schwaoizorecher Kalibriordienet
Service sulsse o'étalonnage
Servizio svizzere di taratura
Bwiaa Calibration Service

Accreditad by the Swiss Accreditation Servics (SAS) Accreditation No: SCS 108
The Swizs Accreditation Service is one of the signaterics to the EA
Mulillateral Agreement for the recognition of calibration certificates

Client Cetecom Cartifienta Na: D1750V2-1092 Juni3
ICALIBRATION CERTIFICATE |

Objoct D1750V2 - SN: 1093

Calibration procedure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Calibralion date: June 08, 2013

This calibration cenilicate documents the traceabilily |0 nalional standards. which raalize the physical units of measurements (S
The measuremente and the uncertaintics with confidenca probability are given on the following pages and ara part of the cenificals,

All calibrations have been vonducted in the closed laborealery lacility: environment temparaturs (22 = 3)°C and humidity < T0%,

Calibratian Equipmant usad (MATE critical for calibration)

Primary Standards 1o # €Cal Date (Gerfifieate No.) Scheduled Calibeation

Power matar EFTd-aa24 GBdr4BUTOS 01-MNov-12 (No. 217-01640) Ocl-13

Power sansor HP 84814 LIS3T2e27TA3 01-Nowr-12 (Moo 217-01840) Oet-13

Neference 20 db Attenuator SN 5058 {20h) Q-Apr-13 (Mo, 217-01736) Apr-14

Typa-MN mismateh eombination SN 5047.3/08327  (4-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES30VE SM: 3205 28-Dac-12 (No. ES3 3305_Decl 3) Dec-13

DAE4 | SN: 801 25-Apr-14 (No. DAES-601_Aprid) Apr-14

Secondary Standards 0 & Check Date (in houss) Seheduled Clmuk

Power sensar HP B481A MY41082317 18-0ct-02 (in house check Oct-11) In house check: Oct-13

RF generalor RES SMT-08 100008 04 Aug 99 (in house chock Oct-11) In house check: Oat-13

Netwok Analyzer HF 87538 LISdrdaubds 54206 1H-001-01 (in house check Ocl-12] In howse check: Oct-13
Mama Function Slpgnalise

Calibrated by: Lelf Kiysner Labroratory Tectiniian W Vi
k, rg: T
g
= ——
Approved by: Katja HoKovic Technical Manager /2% g:

laguad: June &, 2013

This cilibration certliicate shall not be reproducad excag in full withou written approval of ine laboratory.

Certilicate No: D1750V2-1093 Jun13 Page 10t 8
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Calibration Laboratory of
Schmid & Partner
Enginearing AG

Zaugheusstrasse 43, 8004 Zurich, Swilzeriand

Schweizerischer Kalibrierdienst
Service suisse d'élalannage
Sarvizio svizzeno di taratura
Swizs Calibration Service

Accredited by the Swiss Actraditaton Senice [SAS) Accreditation Na.: SCS 108
The Swiss Accreditallen Service fs ano of the signatories to the EA,
Muitilataral Agreemant for the recognitian of calibralion certiticales

Glossary:

TSL tissue simulating lquid

ConvF sensifivity in TSL / NORM x,y,z
MN/A not applicable o not measured

Caltbration is Performed According 1o the Following Standards:

a) |IEEE 5td 1528-2003, "IEEE Recammendad Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR) in the Human Head from Wirgless
Communications Devices: Measurement Technigues”, December 2003

b} 1EC 622081, "Procedure to measure the Specific Absorption Fate (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 Oifice of Engineering & Technalogy (FCG OET),
“Evaluating Compliance with FGC Guidelines for Hurnan Exposure to Badiofrequency
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 5

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 staled in the certificate are valid at the frequency indicated.

» Arfenna Parameters with TSL: The dipale is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms orented
paraliel to the body axis.

»  Feed Point impedance and Return Loss: These parameters are measured with the dipale
pasitioned under the liquid filled phantom. The impedance stated is transfarmed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty raquired.

= Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Nz uncerainty required.

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

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

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

Cerdigate Mo: DI7S0W2-1033_Jun13 Page 2 of 5
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Yersion DASYS Y52.8.8
Exirapolation Advanced Extrapolation

Phantem Maodular Flat Phantam

Distance Dipale Center - TSL 0 mm with Spacer

Zoom Scan Resolution d, dy, dz = & nwn

Frequengy 1750 MHz + 1 MHz

Head TSL parameters
The faliowing paramelers and calculations were applied,

Temperature Permittivity Conduchivity
Nominal Head TSL parametars 22.0°C 401 1.97 mhoém
Measured Head TSL parameters (220£0.2)°C 381 +6% 1.32mho/m e 6 %
Head TSL temperature change during test .5 °C
SAR result with Head TSL
BAR averaged over 1em® (1.g) of Head T5L Condition
SAR measurad 250 m'W input power B.98 Wikg

BAR for nominal Head TSL parameters normalized to 1W

36.6 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condilien

SAF measured 250 mW Input power

4.78 Wikg

notmalized lo 1vW

SAR tar nominal Head TSL parametars

19.3 Vilkg = 16.5 % (k=2)

Body TSL parameters
The follswang parametars and caloulafions were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.48 mhosm
Measured Body TSL parametars [22.0 = 0.2) *C 517 6% 1.47 mhoim = § %
Body TSL temperature change during lest <0.5%C - -
SAR result with Bady TSI,
SAR averaged over 1 em’ {1 g} of Body TS[ Condition

SAR measured

250 m\W input power

9.47 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

37.9 Wkg + 17.0 % (k=2)

SAR averaged over 10 cm® {10 g} of Bady TSL

condition

S5AR measured

290 mW input power

5.07 Wikg

SAR for nominal Body TSL paramatarg

naermalized to 13W

203 Wha + 166 % (k=2)

Cenificate Mo D1750W2-1093_Junl13d
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Appendix

Antenna Parareters with Head TSL

Impedance, transformed to fesd point 496841+ 010

Return Loss -47.048

Amtenna Parameters with Bady TSL

Impedance, Iransformed (o feed point 4540+ 0.4 0
Aetum Loss - 264 4B

General Antenna Parameters and Design

Electrical Delay (one direction) 1.212 ne

After fong lerm use with 100W radiated power, onfy a slight warming of the dipale near 1he feedpoint can be measured.

The dipole is made of standard semitigid coaxtal cable. The center conductor of the feeding line is directly connected o the
second anm of the dipale. The antenna is therefare short-circuited for DC-signals. On some of the dipoles, small end caps
are added to Whe dipele arms in osder to improve matehing when loadad zccarding to the position a5 explained in e
"Measurament Conditions' paragraph. The SAR data are net affectad by Ihis change, The overall dipole length is stil
according 10 the Standard.

Mo excassive foree must be applied to the dipole arms, because thay might bend or the solderad carneclions near the
feadpoint may be damagead.

Additional EUT Data

Manufaciured by SFPEAG
Manulaciured on Movernber {17, 2012
Certificate Mo: DI750V2-1033_Jun13 Page 4 of B
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DASYS Validation Report for Head TSL

Date: 06.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1093

Commumeation System: UID 0 - CW ; Frequeney: 1750 Mz

Medium parameters used: [= 1750 MHz: ¢ = 1.32 §/m; & = 39.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (TEEEAEC/ANST CA3.19-2007)

DASY32 Configuration:
= Probe: ES3DV3 - SN3205; ConvF(45.18, 3.18, 3.18); Calibrated: 28.12.2012;
« Sensor Surface: 3mm (Mecchanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 25.04.2013
+ Phantom: Flat Phantom 5.0 (front): Type: QDODOPSOAA; Serial: 1001

= DASYS2528.6(1115): SEMCAD X 14.69(7117)

Dipole Calibration for Ilead Tissue/Pin=250 mW, d=10mm/Zuvom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz—5mm

Reference Value = 93.507 Vim; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 16.2 Wikg

SAR(1 g) = .98 W/kg; SAR(10 g) = 4.78 W/ky

Maximum value of SAR (measured) = 11.2 Wika

dﬂD
|
=f-3a0
Ran
e
1160
-1r.0a -
0dB =112 Wikg = 10.49 dBW/kg
Cetificate No: D1750V2-1083_lun13 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 05.060.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1093

Commumecation System: UID 0 - CW : Frequeney: 1750 MHz

Medium parameters used: [= 1750 MHz; 0 = 1.47 $/m; £, = 51.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (TEERAEC/ANSI C/3.19-2007)

DASY32 Configuration:
= Probe: ES3DV3 - SN3203; ConvF(4.83, 4.83, 4.83); Calibrated: 28.12.2012;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
¢ Phantom: Flal Phantom 5.0 (hack); Type: QDOOOPS0OAA: Serial: 1002

 DASYSZ52.8.6(1115): SEMCAD X 14.69(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0;
Measurement prid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 93.507 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolaied) = 16.4 Wikg

SAR(I g) = 9.47 Wikg; SAR(10 g) = 5.07 W/kg

Maximum value of SAR (mcasured) = 11.9 W/kg

<14 &40

RLE.L

UdB =119 W/kg = 10.76 dBW/kg

Certificate No: D1750V2-10583 __lun13 Paga 7 of A
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Impedance Measurement Plot for Body TSL
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9 Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of & i\‘-ij‘:"' Schwelzerlscher Kallbrierdienst
Schmid & Partner s = ";, Service sulese d'étalonnage
Fngineering AG T Servizio svizzoro di tarstura
Zeughausatrosae 43, 0004 Zurich, Switzerland 4{/:“\:‘\‘ & Swiss Calibration Service
g o
Acrredited by tha Sudse Accreditation Sondce (SAS) Accreditation No.: SC5 108

The Swiss Accredilalivn Service Is one of the signatories to the EA
Multilateral Agreement for the recoanition of calibration cedificstes

Cliant Catacom Certificate No: D1900V2-5d009_May13
CALIBRATION CERTIFICATE |

Olsject D1900V2 - SN: 54000

Calibralion proceduro{s) QA CAL-05.v2
Galibration procedure for dipole validation kits above 700 MHz

Calibration date May 15, 2013

This calibration certificate documents the tracoability 1o national standards, which realizs the physical units of measuremants (31},
Thi masasuremenis and the uncamainties with contidence probabiily are given on the following pages and are part of the cerlificate.

All calibrations hava been condugied in the closed labaratory lacility: environment temperature (22 = 3)*C and humidity < 70%.

Calibwedion Eyuiprment used (M&TE critical for cairation)

Prrirvvary Stardards | ID# Gal Date (Certihicate No.) Seheduled Calibration
Power metar EPM-4424 GB3T480704 01-Mov-12 (Na. 217-01640) Detl-13
Powar congor HP 84818, USareerTo 01-Now-12 (No. 217-01640) Ou-13
Heterencao 20 g Altenualor SM: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14
Typee-N mismateh combination SN: 5047.3 / 06327 O4.Apr-13 (Mo, 217-01738) Apr14
Reference Pobe ES30V3 S5N: 3208 26-Dac-12 (No. ES3-3208_Lec1Z) Lhac-13
DAE4 SN: 601 25-Apr-13 (Na. DAE4-601_Apr13) Apr-14
Secondary Siandards [ws Check Data (in housa} Scheduled Chack _ |
Power sensar HE 84814 MY21002317 18-Oct-02 (in houss check Oct-11) In houso chock: Oct-13
RAF gerwalor A&S SMT-006 100005 Ua-Aug-HY (N NOUSO check Ucl-11) In house check: Oct-13
MNetwork Analyzer HP 8753E US37380585 54206  18-0ct-01 (in hoase chack Cict-12) [n heiga checke Oek13
Mama Function Gignature

Calirated by: Jeton Kastrati Laboratery Technician _I }/ ' u

e ‘_‘_H-F T ¥ |
Approved by Katja Pokovic Tachnical Managar ,’éﬂ;;,é;’/'_.

Y o .

Issued. May 15, 2013
This calibration cedificale shall pol be reproduced except in full without written approval of the laboratory.

Certificate Mo: D1900V2-5d009 May13 Pago1of 8
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zenghgugsirasse £3, BO0M 2urlch, Swilzerlznd

Sehweizerischer Kalibrierdiens!
Service svisse d'ératonnage
Servizig gvizzera i taratura
Swiss Caltbration Servige

Azeradited by e Swiss Acoredilation Serdce [SAS) Acereditation No: S05S 108
The Swiss Accreditation Service ia ane of the signataries to the EA
fultilateral Agreement for The recognition ol calibration cortifleates

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 Follewing Standards:

a} [EEE 5td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b} 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 Comrrission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Elactromagnetic 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 Bocumentation:
dj DASY4/S Syslem Handbook

Methods Applied and Interpretation of Parameters:

«  Measuremer! Conditions. Further details are available from the Validation Beport at the end
of the certificate. All figures stated in the certificate are valid at the frequerncy indicated.

s  Amtenna Paramelers with TS5E: The dipole is mounted with the spacer to position its feed
point exactly below the ¢enter marking of the tlat phantom section, with the arms oriented
parallel to the body axis.

+ Feed Point impedance and Return Loss: These parameters are measurad with the dipols
pesitioned under the liquid filled phantom. The impedance stated is transtarmed from the
measurement at the SMA connector to the feed point. The Raturn Loss ensures low
reflected power, NO uncerainiy required.

» Flectical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

»  SAA measured: SAR measured at the stated antanna input power,

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

« 5AR for nominal TSL parameters: The measured TSL parameters ars usad o calculate the
nominal SAR result.

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

Cenlificate No: D1800V2-5d009_May13 Page 2ol B
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Mezsurement Conditions

QASY systern gonfiguratian. a5 iae as not given on page 1.

DASY Yersion DASYS W52.8.6
Extrapolation Advanced Exlrapolation
Phantem Madular Flal Fhantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Sean Resolutian dx, dy. dz =5 mm
Fregquency 1300 MHz = 1 MHz
Head TSL parameters
The {ellowing parameters and caleulations were applied,
Temperature Permittivity Conductivity
Mominal Head TSL parameters 200 40.0 1.40 mhaim
Measured Head TSL parameters (22 0+ 0.2) %0 333:6% 135 mho/m = 6%
Head TSL temperature change during lest «05°C
SAR result with Head TSL
SAR averaged over 1 om” {1 g) of Haad TSL Condilion
SAR measured 250 m\W input power 9.85 Wikg
SAR lor nominal Head TSL parametars ngrmalized o 1W 40.1 Whg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g of Head TSL comdition
SAR measured 250 MW inpulk power 5.18 Wikg
SAHR for nominal Head TSL parameters nomalized to 1W 21.0 Wikg = 16.5 % (k=2)

Body TSL parameters

The fallowing parameters and calculations were applied.

Temperature Permittivily Conductivity
Nominai Body TSL paramelers 220°C 53.3 1.52 mihoim
Measured Body TSL parameters (B2.0202)C 536+6% 1.49 mhoim = 6 %
Body TSL tamperature change during test < 05°C -
SAR result with Bady TSL
SAR averaged over {1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 miA inpul power 10.1 Wikg

SAR for nominal Body TSL parameters

nermabized o W

40.8 Wkg % 17.0 % (k=2)

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

condition

SAR measured

230 r input poweer

5.38 Wikg

SAR tor nomiral Body TSL parameters

narmalized to 1V

21.7 Wikg = 16.5 % (h=2}

Certificate MNo: D190VE-54009_May13
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Appendix
Antenna Parameters with Head TSL
Impedanca, transtormed o fead point 512042102
Returmn Loss - 32E 0B
Antenna Parameters with Body TSL
Impedance, transformed 1o leed point 4580+ 3.2 0
Return Loss - 26.54d8
General Antenna Parameters and Desigh
Electrical Delay (one direclion) 1188 ng —|

After long tenm use with 100W radiated power. ortly a slight warming of the dipole near the feedpoin can be measured.

The dipode is made of standard sernirigid eoaxial cable. The center conductor of the feeding line is direcily connectad tir the
second amn of the dipele. The antenna is therefore short-circuited lor DC-signals. O some of the dipoles, small end caps
are addad 10 the dipola arms in order to improve matching when loaded according to the position as explained in the
“Meazurement Conditions” paragraph. The SAR data are not afiected by this change. Tha overall dipole length is still

acearding te the Standard,

Mo excessive force must be appliad to the dipols arms, because they might bend or Ihe so'dered conneclions near the

feedpoint may be damaged.

Additional EUT Data

Manulactured by

SPEAG

Manutactured an

February 22, 2002

Cenificate MNo: D1900%2-54009_May13
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DASYS5 Validation Report for Head TSL

Date: 15.052013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Scrial: D1900V2 - SN: 5d009

Communication System: UID 0 - CW ; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.35 S/m; & = 39.3: p = 1000 ke/m’
Phantom section: Fliat Section

Measurement Standand: DASYS (TEEE/EC/ANST C63.19-2007)

DASYS2 Configuration;

Probe: ES3DV3 - SN32035; ConvF(4.98. 4.98, 4.98): Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOA A; Serial: 1001
DASYSZ528.6(1115). SEMCAD X 146%7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7}/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reflerence Value = 96.587 V/m: Power Drift = 0.06 dB

Peak SAR (extrapolated) — 17.9 Wikg

SAR(1 g) = 9.85 W/kg: SAR(10 g) = 5.18 W/kg

Muximum valuc of SAR (measured) = 12.2 Wiko

0dB =122 W/ka = 10.86 dABW/kg

Certificata No: D1800V2-54009_May13 Page 5of8
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Impedance Measurement Plol for Head TSL
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DASYS Validation Report for Body TSL

Date: 15.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN 54009

Communication System: UID 0 - CW : Freguency: 1900 MHz

Medium paramcters used: f= 1900 Mlz; o = 1.49 $/m; &, = 53.6; p=1000 kg{m]
Phantom section; Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI Ca3.18-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surfuce Detection)
¢ Fleetronies: DAE4 Sn601: Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (hack): Type: QDODOPSOAA: Serial: 1002
» DASYS52Z52.8.6(1115) SEMCAD X 14.69(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zvom Scan (7x7x7)/Cube 0:
Measuremenr grid: dx=Smm, dy=5mm, dz=5mm

Relerence Value = 96.587 Vim: Power Drifll = 0.00 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(I g} = 10.1 Wikg;: SAR(10 g) = 5.38 W/kg

Maximuun value of SAR (measured) = 12.7 Wikg

JdB

-4.00
-8.00
-12.00

16.00

-20.00

0dB = 12.7 Wikg = 11.04 dRW/kg

Centilicate Ne: D1900V2-5d008 May13 Papga 7of 8
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Impedance Measurement Plot for Body TSL
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10 Calibration report “2450 MHz System validation dipole”

S,
Srrn

Calibration Laboratory of

Schmid & Parinar
Engineering AG ES X
g g Bl

Zeughausstrasse 43, 8004 Zurich, Switzerland ’f,',.', Jﬁ;\:ﬂ‘
L TRV

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Serviric avizzcro di taraturn
Swizs Calibration Servics

Accreditation No.: SCS 108

Aecraditad by tha Swass Accmdiation Sanicae (SAS)
The Swiss Accreditation Service is one of the signatories to the CA
Multilateral Agreement for the recognition of calibration certiticates

Cetecom

|CALIBRATION CERTIFICATE

Client Certificate No: D2450V2-T10_Augi2

[ihjent D2450W2 - SN 710

QA CAL-05.v8
Calibration procedure for dipole validation kite above 700 MHz

Calibration procedure(s)

Calipration date: August 13, 2012

Calibration Equipment wacd (METE criticaf for calibrotion )

Ihis calitianion cerificate documents (e raceabllity 10 natlonal slandards, which realize the physical unlis of measuemenls (51).
Tha measursments and the uncerainties with confidence probabiity are given on the following pages and are part of the cerificate.

All calibranions have Dean conductad m tha ciosad |aDoratony Tacisny: envIronment Iemperature (22 £ 5170 and dumiding < 70%.

Primary Standards 1D i Cal Date (Certificale Mo ) Schoduled Calibration
Mowear matar ECM 4428 CBE7480704 05 Oet 11 (Mo, 217 01451) Ol 12

Fower sensor HE g4a81a LS 2 rdd US0c1-17 [No. 21/-U14a1) o2

Referance 20 dB Atlanualor Sh: 5068 {20k) 27-Mar-12 (Mo. 217-01530} Apr-13

Type-M mismateh combination Sh: 50472 § 08327 27-Mar-12 (Mo, 217-01533) April

Acleicnce Frobe ES30V3 S, 3203 30-Dsc-11 (Mo, ES3-3205_Decii) Dec-12

DAE4 SH 01 27-Jun-12 {MNo. DAE4-601_Jun12) Jun-13

Secondany Standards 1D 7 Chaock Dato (in houza) Scheduled Check ]
Power sensor HF tas1 A WY ST U0 ¢ Te-00-U (0 Nouse check Qo11}) In house check: Oct-13
RF genarator R&S SMT-08 100008 04-Aug-29 {in house check Oct-11) I house check: Oot-13
Metwork Analyzer HP B753E LIS37300585 54206 18-0ct-01 {in house check Oiet-11) Im b 12e chiacks Oek-12

Mama Fimrtfinn _{iiunnium
Calibiated by, lsrae El-Maowg Labwatory Techniclan (
| e ey
Approved by: Katja Fokovic Technical Manager "‘J",

This calibration cerificate shall not be reproduced except in full without written approval of the laboralony.

A

Izgued: Avgust 13, 2012

Certificate No: D2450V2-710 Augl2
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Calfbration Laboratary of
Schmid & Fartner
Engingering AG

2ewghousstrasse 43, B004 Zurich, Switzerland

5 Schwefzerischer Kalitrierdiehst
Service suisse d'$talonnage
Servizip cvizzera di teralura

S swiss Calibration Service

Accredited by the Swiss Accreditation Sarvica {SAS) acereditation Me.: SCS 108
The Swiss Acercditation Service is one ol the signalones Lo the EA
Multilateral Agreemeant for the recagnitian of salibralivn cedificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOAM x,v,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR]) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

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

¢} Federal Communications Commizsion Office of Engineering & Technology (FCC OET]),
*Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds, Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Badiofreguency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d}y DASY4S System Handbook

Methods Applied and Interpretation of Parameters:

»  Measwrement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna FParamelers with T5L: The dipole is mounted with the spacer to position its feed
point exactiy below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

+  Foed Point fmpedance and Return Loss: These parameters are measured with the dipole
positionad under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connectar to the feed point. The Return Loss ensuras iow
reflected power. No uncertainty required.

« Electrical Defay: One-way delay between the SMA connectar and the antenna feed point,
Mo uncertainty required.

+  S5AR measured: SAR measured at the stated antenna input power.

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

» 3AR for nominal TSL parameters: The measured TSL parameters are used to caloulate the
neminal SAR result.

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

Cedificata Na: D2460VI-710_Augi2 Fage 2ol &
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Versicn DASYS VE2 8.2
Extrapolailion Advanced Exlrapolalicn

Phantom todular Flat Phaniom

Distance Dipale Center - TSL 14 mem with Spacar

Zoom Zcan Aesclution dx, dy, dz =5 mm

Fraguency 2450 MHz + 1 MHz

Head TSL parameters
The following parameaters and calgulations were applisd,

Temperature Permittivity Conductivity

Homingl Head TEL parameters 22.0°C 392 1,80 mhofim
Measured Head TSL parameters (Rad 0.2 "0 392+6% 1.81 mhofm = 6%
Head TSL temperature change during test <05 ---- ----

SAR result with Head TSL
SAR averaged over 1 ¢cm’ {1 g) of Head TSL Condilicn
SAR measured 250 rmWW inpul power 129 mi /g
SAR for nominal Head TSL parameiess normalized o 1W 51.5 mW fg = 17.0 % (k=2)
SAR averaged over 10 en® (10 o) of Head TSL condition
BAR measured 250 mW input power B0 My A g

SAR for nomingl Head TSL parameters normalized to 1W

24.0 m\W Jg £ 16.5 % (k=2}

Body TSL parameters

The fellowing pararmeters and calculaticns wera applied.

Temparature Permittivity Conductivity
Naominzl Body TSL parameters 220C 52.7 1.85 mho/m
Meazured Body TSL parameters (220+02)"C 51.3+6% 1.98 mhw/m = 6 %
Bady TSL temperature change during test =05
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g)of Body TSL Conditicn
SAR measured 250 mvy inpul power 13.0mW /g

SAR for neminal Body TEL parametars

normalized 10 1W

1.2 mW /g £ 17.0 % (k=2)

SAR averaged aver 10 sm’ {10 g) of Body TSL

conditicn

SAR measurad

260 mwY input power

503mn /g

SAR for nominal Body TEL parameters

navmalizad to 1W

23,9 mW { g + 16.5 % {k=2}

Canificata No: D2450v2.710_Augl1z2

Page 3ot &
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed paint

5240 4+050

Return Loss -323dE
Amtenna Parameters with Body TSL
Impedance, transformed te feed point 496 L+ 2.7
Return Loss -31.4 diB
General Antenna Parameters and Design
I Electnical Delay (ene direclion) 1.156 ns

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

The dipole is made of slandard serningid coaxizl cable, The center conductor of the fzeding line is directly connectad to the
second arm of the dipale, The antenna is therefore shoert-cireuiled for DC-gignals. On some of the dipoles, small end caps
are gdded to the dipole arms in cider to improve matching when [oaded accarding to the posilian as explaned in the
"Measurement Condilicns” paragraph. The SAR data are not affected by this change. The overall dipole tength is still

according to the Standard,

Mg gacessive force must be applied 1o the dipole anms, because they might bend of the soldered conneclions near lne

feedpaint may be damaged,

Additional EUT Data

Manutactured by

SFEAG

Manufactured on

July 05, 2002

Cerificate Mo D2450V2-710_Augi2

FPage 4 of B
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DASYS Validation Report for Head TSL

Date: 13.08.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 710

Communication Systcm: CW; Frequency: 2450 MIlz
Medium parameters used: f = 2450 Mllz; o = 1.§1 mho/m; & = 39.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)
DASYS2 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.43); Calibrated: 30.12.2011;
¢ Sensor-Surface: 3mm (Mechanieal Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.06.2012
o Phantoin: Flat Phantomn 5.0 (frong); Type: QDOUOPS0AA; Scrial: 1001

¢ DASYSZ 52.8.2(9069); SEMCAT X 14.6.6(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=3mm

Reflerence Value =99 363 V/im; Power Drilt = 0.01 dB

Peak SAR (extrapolated) =26.515 mWi/ig

SAR(1 g} = 129 mW/p: SAR(10 2) = h01 mW/g

Maximum value of SAR (measured) = 16.6 Wikg

-9.60
14.40

“149.20

-24.0n

0 dB = 16.6 Wikg = 24.40 dB W/ke

Certificate No: D2450V2 710_Augi2 Pogec 5cf &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 13.08.2012
‘T'est Laboratory: SPEAC, Zurich, Switzerland
DUT: Dipole 2450 MHz#: Type: DZ450V2; Serial: D2450V2 - SN: 710

Communication System: CW; Frequency: 2450 MHz

Moedium parameters used: = 2430 MHz: ¢ = 1.99 mho/m: €, = 51.3; p = 1000 k,gr'm‘
Phantom section: Flar Scction

Measurement Standard: DASYS (IEEENEC/ANSIT C63.19-2007)

DASY52 Configuration:
»  Probe: ES3DV3 - SN3205; ConvF(4.20, 4.260, 4.26), Calilnated: 30.12.2011,
« Sensor Surlace: 3mm (Mechanical Surface Detection)
« Electromics: DAL Sn601; Calibrated: 27.06.2012
*  Phantom: Flat Phantom 3.0 (back); Type: QDOOOP30AA; Serial: 1002
« DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cubc {:
Measurement gridk dx=5mm, dv=5mm, dz=5mm

Reterence Value =95 331 Vimg Power Dnlt =001 dB

Peak SAR (extrapolated) = 26.640 mW/g

SAR(T g) = 13 mW/g; SAR(10 g) = 6.03 mW/g

Maximum value of SAR (mcasured) = 16.9 Wikg

-14.40

24.00 et ]
0dB = 16.9 W/kg = 24.50 dB Wikg

Cerlificate No: D2450V2 710_Augi2 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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11 Calibration report “5GHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughavssirasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swilss Colibration Berviee

Accradited by tha Swiss Accreditat on Servicz (3A5)
The Swiss Accraditation Service is ona of the signatariss to the EA
Multilateral Agresment for the racognition of calibration certificates

Client Cetecom

Accredilation No.: SCS 108

Certifizate No: D5GHZ-1055_Aug11

|CALIBRATION CERTIFICATE

Chject D5GHzV2 - SN: 1035

QA CAL-22.v1

Caibration procedurals)

Calibratinn procedura for dipole validation kits hetwesn 3-8 GHz

Calibration dale:

August 22, 2011

This cafibration certlicale documants hw lenszability W nationsl s.andands. which realize the physizal Lnits of measuremants (SI).

Calitrabon Equipmant used (METE coitical for calibration;

Ine measuremerls and the uncerta nfizs with confidence probabd ity ars given on the follwing pages and are part of the cartificate

All cafibrations hava boon conducted in the closed Isbamiory faol ty; smeronmant temperature (22 = IFC and bumidity < 70%.

Scheduled Celibration

Frimary Standards D 4 Czl Cate (Cartilicais No.)
Powar mizlar EPM-4428 GB37480704 CE-Ct-10 Mo, 217-C 1265
Power senssr H2 B431 4 US37202763 CE-Oot- 10 M. 217 C19RR)

Retaranca 20 dB Attenuatar SN 086 20q) E3-Mlar-17 (Mo, 217-01268)

Tyre-W mismatch combinaticn Sk BT 2 E3AT Fa-Mar-17 (Mo 21701371
Feforanca Prabe EX30M1 SM, 3603 C2 Mur |1 Mo, EX3-35035_Marl 1)
DAE4 SM: 801 Cd-Jul-11 {No. DAZ4-60 | _Jull 1}
Sacondary Standesds |_ID i Chac« Cate [in housa)

Porwerr sensor HP 84818 =MY41-JB‘£31? 18-0et-02 fin 1ouse check Oct-08)
AF genciator RS SMT 06 100005 4-Aug-29 {in house caock Oc-28)

Melourk Analyrer HP 8753E | US373B0E85 S4z0a 18-00i-07 fin ouse check Oct-100

Hame Function
Calibrated by: Claudis Leubler Laboratory Techniclan
Approamed by Katja Pokavic Tochnical Manogor

| Trli_sc_al':!:fatinn cetlificale shall net ba rapreduced except in full witho: witten approval of the lebaratary.

Oret-11
it 91
Apr-12
Apr12
Mar- 12
Ju-12

Scheduled Cleca

In house check: 2ct-11
In hauss check: Jok-11
In hzuse check: Oct-11

/"’i}a’*" -

ImsUed: AugusT 23, 2011

Gartifizara No: ThGHz-1055_Aug11 Page 1of B
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Calibration Laboratory of ~‘\“\‘@?"- g§  Schweizerischer Kalibriergiznst
Schmid & Partner e c Service suisse d'étalonnace
EI"IgiFIEE‘J']ﬁg AG Lo F Servizia svizzera di taratura
Zzughausstrasse 43, 8004 Zurich, Swilzerland 'f/,;/.._"\\“:-“ S  swiss Calibiation Serviee
i
Accreditad by tha Swiss Accraditetion Servize (SAS, Accredilation Ne.: SCS 108

The Swiss Accreditation Sarvice is on2 of the signatories to the EA
Kultilateral Agreamant for the recegnition of calibration certificales

Glossary:

TS tissue simulating liguid

ConvF sensitivity in TSL / NORM x,y.2
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a; IEEE Std 1528-2003. “IEEE Recommended Praclice lur Delenmining Lhe Peak Spalial-
Averaged Specific Absomption Rate (SAR) in the Human Head from Wirgless
Conmmunicalions Devices: Measurement Technigueg”, December 2003

b) IEC 62203-1, "Procedure to measure the Specific Absomtion Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technelogy (FCC OET),
“Cvaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Caompliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edilion 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/S System Handbook

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

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the centar marking of the flat phantom section, with the arms orignted
parallel lo lhe body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liguid filled phanlom. The impedance siated is transformed from the
measurement at the SMA connector to the feed paint. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

s  SAHA measured: SAR measurcd at the stated antenna input power.

=  SAR nonmalized. SAR as measured, nurmalized Lo an inpul power of 1 W at the antsnna
connector.

= SAR for nominal TSL parameters: 1he measured | 5L parameters arc uscd to calculate the
nominal SAR result.

Cenifiicate No: DEGHz-1055_Aug11 Fage 2ol 8
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Measurement Conditions
DASY system conliguralicn, as far as not given or page 1.

DASY Version DASYS V52.8.2

Extrapolation Advanced Exsrapolation

Phanlom Eladular Flat Phaniom V5.0

Distance Dipole Conter - TSL 13 mm with Spacer

Zoom Secan Resolution dy, dy =4.0mm, dz = 1.4 mm Gradec Rafio = 1.4 (£ draction)

5200 MHz =1 VHz
Frequency 5500 MHz £1 MHz
5800 MHz £1 WHz
Head TSL parameters at 5200 MHz
Tre following sarameters and celoulations were applied.
Temperature Permittivity Conductivity

Naminal Head TSL parameters 2e0C 36.0 4.66 mho/m

Measured Head TSL parameters (22.0 +0.2)°C 35.7 26 % 4,49 mhofm £6 %

Head TSL lemperature change during test =05°C ey =
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 em® (1 g) of Head TSL Condition

SAR measured 1003 mW input power 7.75miW /g

SAR Tor nominal Head 1=1 paramelers normalzed to 1W 773 mW g + 17.0 % [k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL I conditior

SAR measued 130 mW Input power 221 mwW /g

SAR for nomina Head | SL parameters ncrmalized to 1W 22.0 mW /g = 16.5 % (k=2)
Head TSL parameters at 5500 MHz

Thz following paramerems and calculations were appliad.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 5.5 446 mho/m

Measured Head TSL parameters (22.0 £0.2)°C BI2E % 4.3 mhofm £ € %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em® (1 g} of Head TSL Gonditon

SAR measuned 100 WY noul power 14 mW iy

SAR for nominal Hzad TSL parameters nomelized to 1% 811 mW/g=x17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Head TSL conditian

SAA messurad 100 MW input power 231 mWig

| SAR or nominal Head TSL paremaiers nomralized tc 1W 23.0 mW / g = 16.5 % (k=2)

Certificata MNo: DAGH7-1055_A1g11 Page 3 of R
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Head TSL parameters at 5800 MH=

The following parameters ad calculations werz applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameaters 220°C 35.2 5.27 mhovm
Measured Head TSL parameters (220202)°C MBxB% 5.03 mho'rm = 6 %
Head TSL temperature change during test <057C =l
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Caondition
SAR measured 100 mW input power TETmW /fg

SAR for nominal Head 15L paramstars

romalized to TW

TEAmWIg=217.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL

sondition

3AR measured

SAR for nominal Head TSL paramrctars

100 mW inpul power

rormalized to 1W

21dmW /g
21.3 mW/ g=16.5% (k=2)

Cerfificate No: [BGH2-1085_Aug™1

Page d of 8
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Appendix

Antenna Parameters with Head TSL at 5200 MHz
Impedarce, transfarmed to feed point S1.041-B9j
Helurn Less -21.1 dB

Antenna Parameters with Head TSL at 5500 MHz

Imp=dance, transformed i leed poinl 52 1¢1-49]0
Return Loss -28.5dB

Antenna Parameters with Head TSL at 5800 MHz

Impedanice, transtormed to feed point Mea-180
Return Loss -2E6.0dB

General Antenna Parameters and Design

Electrica Delay {ona direclion) i 1.203 ns

Alle luny e wse with  OOW radiared powsr, only & shight wemming of the dipole near e teedpoint can be measured.

The dipole is made of stancard semirgid coaxial cable. The cenler conductar of tha ferding lins is directly nonnactad to the
secend arm of e dipole. The antenna is theratora short-circuited fo- DC-signals.

Mo excessive force must be appliad to the dipole arms, because they might bend or the saldered conrections nzar the
Tesipaind mEy be damaged

Additional EUT Data

Manufacturod by SPEAG
Manufaciured on June 08, 2006
Canificate No: Na5Hz-1055_Aug11 Fage Sof @
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Antenna Parameters with Head TSL at 5200 MHz

From cal. data

Measured 2012-09-03

Impedance; trsgiiormed to feed 51.0Q - 8.9/Q 54.50 -4.3/0
Return Loss -21.1dB -28.2dB

Antenna Parameters with Head TSL at 5500 MHz

From cal. data

Measured 2012-09-03

Impedance; trsgiiormed to feed 52.1Q - 4.9j0 50.0Q -3.9/Q
Return Loss -25.6dB -27.0dB

Antenna Parameters with Head TSL at 5800 MHz

From cal. data

Measured 2012-09-03

Impedance; trsgiiftormed to feed 54.9Q - 1.8/Q 48.3Q -1.4/Q
Return Loss -26.0dB -22.9dB
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DASYS Validation Report for Hoad TSL
Dare: 22.08.201 1

Test Laboraiory: SPEAG, Zunch, Swilzerbad

DUT: Dipole 5GHz; Type: DSGHz: Serial: DSGHzV2 - SN: 1055

Communication Syerem: CW: Frequeney: 3200 Mz, Frequency: 5300 MHz, Frequency: 5800 MHz
Medwm parameters used: T= 5200 MHz; 6 = 4.49 mho/m; er— 35.7: p = 1000 kg/m3

Medium parameters used: [= 3300 MHy; o = 4.79 mho/m; er= 35.3: p = 1000 kg/m3

Medium parameters used: 7= 3800 MHz; 6 = 5.09 mho/m: &r=34.8: p = 1000 kg/m3

Phuntom section: Flat Section

Measuremenl Standard: DASYS (IEEEABEC/ANSL U634, LY-200U/)

DASYS2 Configuration:

s Probe: EX3DV4 - SN35303: ConvFi3.41, 5.41, 541, ConvE4.91, 4.91, 4.91}, ConvF(4.81, 481,
481 Calibraed: 04.02.2011

o Sensor-Surlace: 1.4mm (Mechanica! Surface Delecton)
o [lectronics: DAL Snfl)1; Calibrated: 04.07.2011
¢ Phantom: Flat Phantom 5.0 (fronty: Type: QDIHOPS0AA; Senal: 1001

o DDASRYS2 52.6.2(4R2): SEMCAD X [1.4.5(36343

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8§x8x7)/Cube : Measurement grid: dx=4mm, dy=4mm, dz=| dmm

Relorenve Value = 61.923 Vin; Power Deill = {04 dB

Peak SAR (extrapolated) = 28.712 Wikg

SAR( )= 778 mW/e: SAR(10 ») =221 mWiy

Maximum value of SAR (measured) = 13.273 mW/yg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasuremenl grid: dx—dmm. dy=4mm. dz=14mm

Reference Value = 61.604 Vim; Power Dnil = 0.06 dB

Peak SAR (extrapolated) = 32,491 Wikg

SAR(I p) = 8.14 mW/g;, SAR(10 g) = 2.31 mW/g

Maximum value of SAR (measured) = 19.687 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)YCube 0: Meazurement grid: de—dmm, dy=2dmm, dz=1.4mm

Reference Value = 58 418 Vim: Power Drift = 0.07 dB

Peak SAR (exmapolated) = 31.921 Wikg

SAR(L g) = 7.57 mW/g: SAR(10 g) = 2.14 mW/g

Maximum value of SAR (measured) = 13816 mW/g

Cartificate No: D6GHz-71055_Augil Pape6of B
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—i-10.00

0dB = 13.82{mW/e

Canificate Nn: ThGHZz-1055_Augil Page 7 of 8
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Impedance Measurement Plot for Head TSL
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12 Calibration report “5GHz System check dipole”

Calibration Laboratory of e, @le‘?

i Saie § Schwalzanscher Kalibrierdienst
Schmid & Partner SE\\E&NEE 7 ¢ Service susse dotalonnage
Cngineering AG i @ Servizio svizzero di taralura
Zoughauestrases 43, 8004 Zurich, Ewitzerland '—’-,,j,’-f,‘;\";}? "cis-“f\ S swiss Callbration Service
iyl
Accradited by the Swiss Accreditatlon Sarvice (SAS) Asereditation No.: SCS 108
The Swiss Avcreditation Service |s one of the signatories 1o the EA
Multilateral Agreement for the recognition of callbration cernificates
Clent  Cetecom Certificate No: DAGH2ZV2-1055_.Jan12

CALIBRATION CERTIFICATE

Objeat D5GHIzV2 - SN: 1055

| Calibration procedure{s) QA CAL-22:v1

Gallbration daio; Janugry 16, 2012

Calibration Equipment used (MATE critical for calibration)

Calibration procedure for dipole validation kits between 2-6 GHz

This calitistion certiticata documents. the fracaability to national standards, which realize the physical unite of moacuromants (S1),
Iha maasuremants and thie uncatainties with confidence probability are givan an tha Tollawing pages and are part of tho cortificats,

All callbrafiens have been conducted in the: glosed laboratary facility: envirsnment lemperature (22 = 3G and humidity < 70%.

Sulreduled Calration

Primary Standards D& Cal Date (Comificate No.)

Powar molor EPM 4424 CLaO7480704 05-0ct-11 (No, 217-01451)

Powar eoncor HP 84814 UE37202783 05-0at-11 (No. 217-01451)

Reference 20 dB Atianuatar ©N: 5085 [20g) 20-Mar-11 (No, 217-01360)

Typa-N mizmalch combination Sh: B047.2 f 08307 20 Mar 11 (Ne. 217-018M1)

Aeforence Proba EXA0MA EN: 3503 30-Deg-11 (No. EX3 3503 Deetd)

NAEL SM: B0 O4-Jul-11 {Mo. DAES 601_Jul11)

Secondary Standamis D # Check Dals (in houss)

Peowaar sansns HP B421A4 KY41002917 18-0ct-02 {in houso chock Ot 11)

AF peneratnr RAS SKT-0E 100005 04.A43-99 {in houes chack Oct-11}

Nelwork Analyres HP R7A5F LIS37300585 S4205 18-0et-01 (in house check Ocl-11)
Nama Functian

Calihrated by Dimee IKev Lakomatory Technician

Approved by: Kalja Pokavic Tochnisal Manager

| This ealibration centificate ahall not be reproduced except in full withoul writben appruval ol e kboratay.

Oct-i2
Q12
Apr-12
Apr12
Dec-12
Jul-12

Echoduled Chook
In house chech: Oet- 13

In house cheok: Oot 13
In house ehock: Ogt 12

R

P

Isswed, Januery 18, 20012

Carificates No: DaGHzV2-1085_Jan12 Paga{of8
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Calibration Laboratory of S,

Schmid & Partner §Ia““\“§m/§i

Engineering AG b LN

Zeughaussirasse 43, 8004 Zurich, Switzerland "'f{,‘/F\'\\_,\}
s dchols?

Ancradited by the Swiss Accredibatign Serice (SAS)
The Swlss Acereditalion Service is one of the signalaries ko the EA
MuMlilateral Agreement for the recagnidion of calibretion cenlificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x.y,z2
NA not applicable or not measured

Calibration is Performed According to the Following Standards:

Schweizerizcher Kalibrlerdlenst
Service sulsse d'élalannage
Servizio Svizzart i taratura
Bwiss Calibration Service

mow

Accreditation No.: SCS 108

a) IEEE 5td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {SAR} in the Human Head from Wireless
Communications Devices: Measurement Techniguas”, December 2003

b}y |EG 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 200 MHz to 3 GHz)",

February 2005

¢] Federal Communications Commission Office of Engineering & Technology (FCC OET),
"Evaluating Compliance with FCC Guideiines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additiona! Information for Evaluating Compliance of hMobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,

Supplement C {Edition 41-01) to Bulletin 85

Additional Documentation:
o) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

+  Measurement Condiftions: Further details are available from the Validation Repori at the end
of the certificate. All figures stated in the certificate are valid at 1he frequency indicated.

«  Amtenna 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

parallal to the body axis.

» Feed Point Impedance and Returr Loss: These parameters are measured with the dipole
pesitioned under the liguid filled phantom. The impedance stated is transtormed [rom the
measurement at the SMA connector to the feed point. The Return Loss ensures low

reflected power. N uncertainty required,

= Eleclrical Defay: One-way delay between the SMA connector and the antenna feed point,

No uncertginty required.

»  S5AR measured: SAR measured at the stated antenna input power.

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

connector,

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

nominal SAR result,

Certificale No: DSGHzV2-1056_Tan12 Paga 2 of 8
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Measurement Conditions

DASY syslam configuration, as far as not given on page 1.
DASY Version DASYS vaz2.8.0
Extrapolation Advanced Extrapolation
Phantom Madular Flat Fhaatom Y5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Aesolution

dx, dy =40 enim, dz = 1.4 mm

Graded Ratio = 1.4 {Z direction]

Frequency

520 WHz = 1 MHz
5500 MHz & 1 MHz
5800 MHz » 1 MHz

Body T5L parameters at 5200 MHz

The lollawing parameters and calculations were applied.
Temperature Permittivity Conductivity
Hominal Body TSL parameters 22.0°C 48.0 530 mho/m
Measured Body TSL parameters (220020 492 £ G % 5.46 mhofm + & %
Body TSL ternperature change during test 05"
SAR result with Body TSL at 5200 MHz
SAR averaged ovar 1 em? (1 g) of Body TSL Condition
SAR measured 100 My inpul power T3mWig

SAR for nominal Body TSL parameters

rarmalized lo 1W

TIAMW g 18,1 % (k=2}

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

condition

3AR measurad

100 MW input power

2.06mY¥ fg

SAR lor nominal Bedy TSL paramaters

nomalized to TW

20.7 MW 7 g = 17.6 % (k=2)

Body TSL parameters at 5500 MHz

The lollgwing paramelers and caloulations were applied.
Temperatura Farmitivity Conductivity
Mominal Body TSL parameters 220%C 48.6 .65 mhovim
Weasured Body TSL paramaters {220 =0.2]"C 48,7 =6 % 5868 mhofm £ €%
Body TSL temperature change during test <052
SAR result with Body TSL at 5500 MHz
SAR averaged aver 1 ¢m” {1 g) of Body TSL Conditian
SAR measured 100 mw input power 7.83imW /g

SAR for nominal Body TEL parametars

norrmalized to TW

FRA MW Mg+ 18.1 % {k=2)

SAR averaged aver 10 em” {i0 g) of Body TSL

condition

S5AH measured

100 mf input power

27T mW g

SAR for nominal Body TSL parameters

narmalized o 14

N7 mW g% 17.6 % (k=2}

Cerilicale Mo: DEGH2Y2-1055_Jan12

Page 2ol B
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Bady TSL parameters at 5800 MHz
The lollewing parameters and caloulations were applied.

Temperature Permittivity Conductivity

Mominal Body TSL parameters 22.0°C 482 £.00 mho/m

Measured Body TSL parameters {22 0+£02)%°C 4826 % 6.28 mhofm £ 6 %

Body TSL temperature change during test LA
SAR result with Body TSL at 5800 MHz

SAR averaged over 1 em® (1 g) of Body TSL Gondifion

SAR measurad 100 miy input power 739 /g

SAR for nominal Body TSL pararmaters nommalized to AW F4O0mW fg = 18.1 % (k=2)

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

SR measured 100 W input power 204mwig

SAR for nominal Body TSL paramelers normalized te 1W 204 mW Fg = 17.6 % (k=2}
Canilicale Nao: D5GHZY2-1055. Jan12 Page 4of 8
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Appendix

Antenna Parameters with Body TSL at 5200 MHz
Impedance, transformed to leed paint b238-73iI
Retunn Loss - 22 5 dB

Antenna Parameters with Body TSL at 5500 MHz

Impadance, transiomed to feed paint 9430360
Retum Lass - 254 dB

Antenna Parameters with Body TSL at 5800 MHz

Impedarnce, transfonned to feed point 58040 - 180
Retumn Loss -224 0B

General Antenna Parameters and Cesign

Electrical Delay (one divection) l 1.203 ns

After long lerm use with 10OW radiated power, only a slight warming of tha dipole near the feedpoint can be measured.

The dipale is made of standard semirigid coaxial cable. The cenler sanductor of the feeding ling is directly connected to e
secand arm of the dipale. The anlenna is therefore shor-circuited tor DC-slgnals. On some of the dipsles, small end caps
are addad e the dipole arms in order to improve rmatching when loaded aceerding to the position as explained in the
“Measurement Conditions” paragraph. The SAR gata are nal affected by this change, The overall dipale length is still
accarding o the Standang,

Mo excessive force must be applied to the dipole arms, bacause they might bend o the soldered connections near the
feedpoint may be damaged,

Additional EUT Data

Manufactured by SPEAG
Manufacicred on June B8, 2006
Cerliicale No: DSGHzY2-1055_Jan12 Page ool B

Page 102 of 115



Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
W

Antenna Parameters with Body TSL at 5200 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

52.3Q - 7.3jQ

53Q - 5.0jQ

Return Loss

-22.5dB

-20.1dB

Antenna Parameters with Body TSL at 5500 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

54.3Q - 3.6jQ

56.7Q — 4.3jQ

Return Loss

-25.4dB

-23.7dB

Antenna Parameters with Body TSL at 5800 MHz

From cal. data

Measured 2013-01-18

Impedance; transformed to feed
point

58.0Q - 1.8jQ

56.4Q — 2.9jQ

Return Loss

-22.4dB

-23.9dB
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DASYS5 Validation Report for Bedy TSL
Dage: 16.01.2012

Test Laboratery: SPEAG, Zurich, Switzerland
DUT: Bipole SGHy; Type: D3GH2VZ; Serial: DSGHzV2 - SN: 1055

Communication System: CW, Frequency: 5200 MHz, Frequency: 5500 MHz, Frequeney: 5800 MHz
Medium parameters used: f = 5200 MHz; o = 546 mho/m; g, = 49.2; p = 1000 I~cga’m3 . Medium parameters
used: f = 5500 MHz; ¢ = 586 mho/m; & = 48.7; p = 1000 kg/m" , Medium parameters used: [ = 5800 MHz;
o = 6,28 mho/m; & = 48.2. p = 1000 kg/m®

Phantom section: Flat Secrion

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

BASY 32 Configuration:

= Prehe: EX3DV4 - SN3503; ConvF(4.91, .91, 4.91), ConvF{4.43, 4,43, 4.43), Conv4.38, 4,38,
4.38); Calibrated: 30.12.201]

+  Sonsor-Surface: Ldmm {Mechanical Surface Detection)

«  Electronics: DAE4 Sn6l1; Calibrated: 04 07,2011

= Phantom: Flat Phantom 5.0 (backy; Type: QDUOBSOAA; Serial: 1002
»  DASYS2 3280692 SEMCAD X 14.6.4(4989)

Dipaole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube : Measurcment grid: dx=dmm, dy=drvm, dz=1.4mm

Reference Value = 57 661 V/m, Power Drift = 0.0066 dB

Peak SAR (extrapolated) = 28,5640

SAR(] £) = 7.33 mW/g; SAR(10 g) = 2.06 W/

Maximum velue of SAR {measured) = 16.903 mW/g

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=I1.4mm (8x8x7)/Cube §: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Walue = 57,908 Vi, Power Dift = -0.03 dB

Peak SAR (extrapolated) = 335050

SAR( g) = 7.83 mW/g; SAR(10 ) =2.17 mWw/g

Maximum value of SAR (measured) = 18,661 mWie

Dipole Calibration for Bedy Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm ($x8x7)/Cube 0: Measuremen grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 34,743 Vi, Power Diift = 0.0061 dB

Peak SAR {cxtrapolated) = 34.4690

SAR(1 g} = 7.39 mW/g; SAR(10 ) = 2.04 mW/a

Maximum value of SAR {measured) = 18,154 mW/ig

Cerlilicate No: DSGH:V2-1055_Jan12 Page 6 af 8
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—-10.00

-20.00
-30.00
-40.00
-50.00
0 dB = 18.150mW/z =25.18 dB mW/g
Certiticata No: DEGHZV2-1085_Jan12 Paga7of 8
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Impedance Measurement Plot for Body TSL

16 Jan 2012 1B:38:82
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13 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of ST, Schwaizorischar Kalibriardlenst
SCthﬂld & Faﬂﬂﬂf iE“ ”‘““"‘"’—E—;ﬁ"’ﬁ-—; Bervive suisse délalonnage
Eﬂgiﬂﬁeﬂl‘lﬁ AG gy Harvirin evirrarn di taratura
Taughaussirasse 43, 8004 Zurich, Switzorland e Swiss Calibration Borvice
ety
Accredited by the Swisa Accreditation Sendce (SA3) Accreditation No.; SCS 108

The Swiss Acereditation Service 1= ana of tha signaiories io the EA
Multilateral Agreement for the resagnition of colibrotion certificates

client ~ Cetecom Centificate Mo: DAE3-413 Jani3
|CALIBRATION CERTIFICATE

Qe DAE3 - SO 00D DO3 AA - SN: 413

Calibration procedure(s) QA CAL-UB. vy
Calibration procedure for he: dala acguisition eleclionics (DAF)

Calibrarion diate: January 11, 2013

This callbration cerificate documents the traceability 1o national standands, which reafize e physical unils of measuzements (5]
The maasuramans and na unceainles wih confidence prohakality ane given on tha inlinasng pages and am narm of tha comficas

&l calibratinng have baen conductesd in the cloged laboratory fagility: onviranmant tamparature (22 & 3)°C and humidity < 70%.

Calibration Equipment used (METE critical for calibrafion)

Pramary Standards |ID# Cal Date {Cortificate No.) Schoduled Calibration

Keithley Mullimeter Type 2001 | SN: 0010278 D2-Oci-12 (No:12728) Oct-13

Secondary Standards D# Chack Data (in housa) Scheduled Chack
!hulaDﬁEGaﬁbtaliﬂn Uniz JE UWS 053 AA 1001 O7-Jair-13 (in huuse cleck) I Do chrsch, Jan-14
| Calinrator Hox V2 1 Sk [R5 DDA A& 002 D7-Jan-13 [in house check) In howses chack: Jan-14
| Mama Function Signature

Calibrated by: R.Mayoraz Techichan

Appdowed Oy Fin Bambatt 1laquny lRchnacal Managar : ¢

N UUUL'\:-

lasued: Jonuary 11, 2013
This calloration cerificate shall nol be reproduced excanl n full wihout wilten approval of he Rboratony.

Cortificate No: DAE3-413_Jan13 Page 1of &
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14 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of LA,

Y S Schweizerischer Kalibrisrdionst
o S
Schmid & Partner iﬁg—ﬁ'@ Service suisse d'oralonnage
Engineering AG T Sarvizio svizero di taratura
Zeughausstrassa 43, 8004 Zurich, Switzerland AN Swiss Calibration Service
LT
ACcreditad by e Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Aceraditation Service is one of the signatorios to the EA
Multilateral Agresinunt for the recognitian of ¢alibration certiticates

ciient — Cetecom Cortificate No- DAE3-477_ May13

|CALIBRATION CERTIFICATE

Ubject DAES - 5D 000 DO3 AA - SN: 477

Calibration procedura(s) QA CAl -06 v26
Calibration procedure for lhe dalz acquisition electronlcs (DAE)

Calibration dale. May 13, 2013

This calibration ceriificate documents the traceability 1o national standasds. which realize the physical imits nf measurements (S1)
The measuremants and the urcortaintics with canfidence probability are given on the folloving pages and are part of the cerlificale,

All-calibrations have boen conduoted in the dlosed laboratary faclity: environment temperatura {22 £ 3)°C and Ianidity < 70%.

Calibration Equipment usad (MATE critical for calibration)

Primary Standards [3] Cal Date (Certificate Ma.) Scheduled Calibration |
Rethiey Mustimatar Type 2001 SN: DBID2TH 02-Dct-12 [Ma:12728) Oct-13

Becandary Slandards E o # Chiwck Dale (in house) Schadulad Chack
| Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-13 (In house check) In house check: Jan-14
Calibrator Box W21 EE UME 008 AN 1002 07-Jan-13 (in house check) In house check: Jan-14

Narnie Functan Signaiure
Calibrated by: Etic Hairfeld Tachnician e I i
Approvod by Fin Bomhalt Doputy Technical Manager 3 !'ﬁ T -
VAL A
Issued: May 14, 2013
This calibration cerlificate shall not be raprnduced fxeespt in fidll withaul weiten approval of he Iahoratory.

Cerificate No: DAF3-477_May13 Page 1 of 5
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15 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

ltam SAM Twin Phantom V4.0

Type No Q0 000 P40 BA

Serigs Mo TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-85539 Fruthwilen
Switzerland

Tests

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

Comgplate tests were made an the pre-seres Type No. GD 000 P43 AA, Serial No. TP-1001 and on the
series first article Type Mo. QD 000 P40 BA, Senal No. TP-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Requirement Details Units tested

Shape Compliance wilh the geomelry IT'IS CAD Fils () First articls,
gccording ta Lhe CAD modal. Samples

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

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters fraquencies Relative permittivity < & | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested 10 be Liguid type HEL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
the slandards the standard.

Standards

[1] TENELEC EN 503561

[2] |EEE P1528-200x draft 6.5

(3] IECPT 62209 draft 0.9

(1 The ITYS CAD file is derived from [2] and is alsa wilhin the tolerances requirements of tha shapes of
[t]and [3]

Conformity

Based on lhe 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

- v g L
i s/ﬁéu\:’//_ﬁg Schmid & Partner H’:%_):; Jﬂ"‘/"’/A
ignature { Stamp Engineering AG

Taughauistisise 43, CH-2004 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 881-QD 0 PAOEA-B Fage 1)
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16 Application Note System Performance Check

16.1 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.

16.2 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.

16.3 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 Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% o0
Axial isotropy 14.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% o0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 [0.7 [+0.0% +3.9% o0
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% o0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% o0
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 1+ 0.4% Rectangular [V3 |1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
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% o0
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 Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 %0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 o0
Boundary effects £1.0% Rectangular [V3 |1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 5
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 o0
Integration time +0.0% Rectangular [V3 |1 1 0 0 5
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 o0
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
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% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% o0
Liquid permittivity (target) |+ 5.0% Rectangular [V3 |06 [0.49 [£1.7% +1.4% o0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty £ 5.3% £4.9%
Expanded Std. 1 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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16.4 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:

dit.
. idB v
Signal Low cable
Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
Artl

&) —==
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.

+ 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.

Page 114 of 115



Annex D to Test report no.: 1-6234/13-06-02-C CETECOMTM
w—-

* 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.

16.5 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.

16.6 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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