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Glossary:

TEL lizaua simulaling liguid

MORMx,y, 2 sensitivity in frea space

ConvF sensitivily in TSL / NORMx,y,z

nep diode comprassion poinl

CF crast factor (1/duty_cyele) of the RF signal

ABCD maedulation dependent linaarizatlon paramelers

Polarization ¢ i rotation around probo axis

Polarization § 4 rolation around an axis that is in the plane normal lo probe axis (al measurement canler),

i.o., 3 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Recommanded Practice for Determining the Peak Spalial-Averaged Specific
Absorption Rale (SAR) In the Human Head from Wireless Communicalions Devices: Measuramant
Technigues”, Decembar 2003

IEC 62209-1, "Procedure lo measure the Specific Absorplion Rate (SAR) for hand-hald devices used in close
proximily to the ear (frequency range of 300 MHz lo 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

Carlilicate No: ES3-3180_Fab13/2 Page 2 of 11

NORMx,y,z: Assossed for E-fiold polarization 8 = 0 (f < 900 MHz in TEM-call; = 1800 MHz: R22 waveguida),
NORMz,y,z are only intermadiate values, i.e., the uncertainties of NORMz,y,z doas nol affect the E*-fiald
uncartainly inside TSL (see balow ConvF).

NORM(Nx,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization Is
implamentad in DASY4 software versions later than 4.2. The uncertalnty of the frequency respense Is included
in the stated uncartainty of ConvF,

DCPx,y,z; DCP are numerical linearization paramelers assessed based on the dala of power sweep with CW
eignal (no uncartainty required), DCP does nol depond on fraguency nor madia.

PAR: PAR Ig the Paak o Average Ratio that is nol calibrated bul determined basad on the signal
characteristics

Axyz By .z Cx e Dxy.2: VR, vz A, B, C, D ara numerical linearizalion parameters assessad basad on
the data of power sweep for specific medulation signal. The paramelars do nol dapend on lrequency nor
madin, VR is tho mazimum calibration ranga exprossed in RMS vollage across the dioda,

Convl and Boundary Effoct Parametora: Assessad in flat phantom using E-field (or Temperature Transfor
Standard for f = 800 MHz) and inside waveguide using analytical fisld distributions based on power
maasuramants for f = 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncartainty values are given. Those parameters are
usod In DASY4 software to improve probe accuracy close (o the boundary, The sensitivily in TSL corresponds
to NORMx,y,z * ConvF wharaby the uncertainty corresponds to that given lor ConvF, A lrequancy depandent
aﬂw# is usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100

Z

Spherical isotropy (30 doviation from lsolropy): In a lleld of low gradients realizad using a flal phantam
axposed by a palch antenna,

Sensor Offsal: The sensor ollsel corresponds to the offset of virlual measurement center from the prebe tip
{(on probe axis). Mo lolerance raguirael.




ES30VE - SN:3180 Fabriary 11, 2013
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Manufactured:  March 25, 2008
Calibrated: February 11, 2013

Calibrated for DASY/EASY Systems

{Nota: non-compalible with DASY2 systaml)
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ES30V3- SN:31680 Fabruary 11, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3180

Basic Calibration Parameters

o, Sensor X Sonsor ¥ Sensor 2 Une (k=2)
Norm (uV/(v/m)’)’ 121 1.05 1.01 +10.1 %
DCP (mV) 103.4 10359 | 1019

Modulation Calibration Parameters o
uin Communloation System Namo A B G ¥ ViR Una

- L B | dBVuv a8 | mv | (ke2)
0 |ew = x| 00 | oo 10 | 000 | 1108 | 27% |
= Y | 00 00 1.0 140.9
—= Z| o0 | oo 1.0 1338

The _rafmrtad‘uncwtalmv of measurement is étﬂtad as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

A Thi uncartaintios of WormX, ¥, # do nol affeel the E-fiald uneortalnly Inslde TSL (soe Pagos 5 and 8),

® Numarical linaarizatian paramatar: uncoralnty not requirad,

" Uncartalnty is doiormined using the max, deviation from linoar response applying metangular digtribution and ls exprossod for the square of the
fiald varlus,

Cortillcata No: ES3-3180 Feb13/2 Pago 4 of 11



ES30V3- 5N:3180 Fabruary 11, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3180

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © Feﬁ:’:::ll:ﬁy' En?g:::;l‘vlw ConvFX | ConvF Y | ConvFZ | Alpha I?:‘r:;l; l{-ll::-ﬂit)
750 41.9 0.89 645 | 645 | 646 0.27 1.95 +12.0%
B35 11.6 0.90 6.23 623 6.23 0.33 1.71 +12.0 %
1810 40.0 1.40 5.01 501 5.01 0.76 1.15 +120%
1950 40.0 1,40 4.79 4,79 4,79 0.61 132 | +12.0%
2450 39.2 1.80 4.40 4.40 4.40 0.54 1.53 £12.0%
2600 39.0 1.96 4.21 4.21 4,21 0.72 135 | £12.0%

“ Froquenay wvalldity of £ 100 MHz only applios for DASY va 4 and higher (soe Pagoe 2}, olao it is resticted 1o £ 50 MHz, Thie uncerainly s tha RSS
of lhe ConvF uncartainty ot ealibfation frequaney and tha unconainty for the indicatad frequanay band,

" At frequoncios balow 3 GHz, the validity of lissue parameters (c and o) can ba relaxed to + 10% if liguld eampanantion formula s applied o
monaured SAR valuea, Al froquancios above 3 GHz, the validily of tissue paramaters (z and &) is reatrielad 1o 1 5%, Tha uncarlainty i tha 1255 of
ths ConvF uncernlnly for indicnted taigol lasue paramalors,

Cortificata No: ES3-3180_Fab13/2 Page B of 11



ES3DV3- 5N:3180

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3180

Calibration Parameter Determined in Body Tissue Simulating Media

Fabruary 11, 2013

f {MHz) © Pﬂl:;'lll::ll:l‘:v' Erl‘g;::l‘l'v“y _ConwF X | ConwFY | ConvFZ | Alpha ?rzﬂnfl; H{r::.;t] N
750 56.5 0,96 614 | 614 814 | 055 | 138 | +120%

B35 65,2 0.97 ~_6.05 B.06 6.05 0.40 160 | +120%
1810 53.3 1.62 4.78 478 4.78 0.47 1.63 + 12,0 %
1950 53.3 152 473 | 473 4,73 0.51 160 | +120%
2450 52.7 1.95 4.23 4,23 4,23 0.77 1.18 $ 12,0 %

| 2600 52.5 2,16 3.99 3.99 399 | 072 | 106 | +120%

© Froquanay valldity of + 100 MHz only npplies for DASY vd.4 and higher (sao Page 2), alse il Is resiricled to + 50 MHz, The uncaralnty s tho RSS

al the Convl’ uncerainty at calibration frequency and ihe unconalnty for the Indicated requency band.

"l frequonaios balow 3 GHz, tha validity of sgue paramelon (¢ ond o) can b relaxad to £ 10% i liguld companantion farmila B appliad o
monaurad SAR valuea, Al froquencles abiove 3 GHz, the validily ol lssus paramotars (¢ and o) la realrielad 1o 1 5%. The uncorlalnly |s the S5 of
tha ConvF uncaralnly for indicated wrgel haus paramators,

Corlificato No: ES3-3180_Fab13/2
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ES3DV3- SN:3180 February 11, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncartainty of Fragquency Reaponae of E-fiold: £ 6.3% (k=2)
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ESI0VI- SMN:3180 Fabruary 11, 2013

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM f=1800 MHz,R22
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Uncartainty of Axial Isotropy Assessmaent: £ 0.5% (k=2)
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Fabruary 11, 2013

ES3DV3- 8N:3180

Dynamic Range f(SAR},¢aq)

(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment; * 0,6% (lk=2)
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ES3DV3- 5M;3180 Fabruary 11, 2013

Conversion Factor Assessment

f = 835 MHz,WGLS R (H_convF) = 1810 MHz WGLS R22 (H_convF)

i 25 \. 0 1._II
ki - 1 ‘\'u
i |.n| y S 3 |I\"'-
GG| [ ‘.u i ':’ I“ﬁnljl ;" i I:I i ‘“ D”Hl.lli.1Iu““|-|:|-“l"‘&:u“Ii'h““jlﬁ-'”l;rrllullﬂ
m'um n":'du analinal m"Hﬂ
Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

'1.0 'ulﬂ 'oaﬂ 'ﬂ.‘ "D-E o-u U.ﬁ 0.4 0.5 ﬂ.ﬂ 1&0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ES30V3- SN:3180 Fabruary 11, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3180

Other Probe Parameters
Sensor Arrangemenl Triangular |
Caonnaclor Angle (°) -46.8
Mechanical Surface Delection Mode  enabled
Oplical Surface Detection Made disabled

“Probe Overall Length a37 mm
Probe Body Diamoler = 10 mm

“Tip Length 10 mm
Tip Diameter 4 mim
Prabe Tip to Sensar X Calibration Point 2 mm
Probe Tip o Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Callbration Paint 2 mm
Recommanded Measurement Distance from Surface Imm

Corlificnte No: ES3-3180_Fab13/2 Pago 11 of 11




Calibration Laboratory of
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Enginearing AG
Zoughousstrassa 43, 8004 Zurieh, Switzerlnnd

Sohwaolzarizchor Kalibriordienst
Sorvico sulsso d'dtalannage
Sorvizio svizzero di taratura
Swiss Calibratlon Sorvice

Accraditod by the Swiss Accrodilalion Savico (SAS) Accraditafion No.: SCS 108
Tho Swias Acoroditation Sorvice |8 one of the signatorios to tho EA
Mullilateral Agroomant for the recegnition of calibration cortificntes

cient  Motorola MDb Cortificate No: ES3-3124_Aug12
CALIBRATION CERTIFICATE iral
Objeat ES3DV3 - SN:3124

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

Calibration procedure for dosimetric E-fleld probes

Callbration date: August 20, 2012

This ealibeation cartificate dosumants iho traceabilily (o national slandards, which realize the physical units of measurements {51).
The measuramants and lhe uncarainiing wilh confidenca probabliity ara given on the following pages and are part of the cerificale.

All enllbrations have bean conduetad in the closed Inboratary faaility: environmaent temparaturs (22 & 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Slandards (&) Cil Date {Cortilicats No.) Schodulnd Calibiatian

Powar mator C44 196 ﬂﬂnmaan 2-Mar-12 (No, 217-01508) Apr-13

Powar sanaor E4412A MY4 1400087 20-Mar-12 (No. 217-01500) Apr-13

Raforanca 3 dil Altanualor BM: 55054 (3c) 27 -Mar-12 (Mo, 217-01531) Apr-13
| Refaranca 20 dB Ailenuntor | SN 55066 (200) 27-Mar-12 (No. 217-01526) Apr-13

Refuranca 30 did Atenustor SM: 56120 (30b) 27F:Mar-12 (Mo, 217-01533) Apri3

Refarenca Prabe ES30V2 SM: 3013 20-Dac-11 (Mo, EB3-3013 Dacl1) Dug-12

DAEA 8N 660 20.Jun-12 (No. DAE4-660_Jun12) Jun-13

Sacondary Standards [[¥] _Chack Oata {in houss) Sehatdulpd Chack

RF gonaialol HP BB48C UH}EE@HB:'!?RU e Aug -4 {in houge cheek Apr-11) In houso chock: Apr-13

Hotwork Analyzar HP B753E U537300505 18-00t:01 (in houso check Oct-11) In house chock; Oat-12 ]

Moama Function Signntu

Calibratod by; Joton Kastrall Laboralory Technician i {” %L/
Appraved by Kaija Pokovic Tachnioal Managor

Iaaund: Auguat 20, 2012

This eolibiation certificata shall not be reproducad excapl in full withaul wrillen approval of tha laboratary.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughnussirasso 43, 0004 Zurlch, Swiizarland

Sohwalzoriecher Kallbriordionst
Sorvice sulasss d'dtnlannage
Sorvizio svizzoro d| taratura
Bwlaa Calibration Sorvioo

Accreditad by tha Swiss Acoradilation Servica (BAS) Aceroditation No.: SCS 108
The Swlsa Acoraditation Sorvice Is ono af the slgnatories (o tho EA
Multilatoral Agreomaont for the recognition of callbration corlifientas

Glossary:

TSL tissua simulating liquid

MORMx.y.z sensilivity in froo space

ConvF sansitivily in TSL / NORMz,y.z

ncpP diode compréssion point

GF erast Tactor {duty_cycla) of the RF signal

ABC madulation dapandant linaarization paramators

Palarization i ip rotation around proba axis

Polarization 8 rotation around an axis that is in the plane normal o probe axis (at measurement centar),

i@, % =0 |5 normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spalial-Averaged Specific
Absorplion Rate (SAR) in the Human Head from Wireless Communications Davices: Measuremeant
Technigues”, Dacember 2003

by IEC 62200-1, "Procedure to measuro the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2006

Methods Applied and Interpretation of Parameters:
s NORMzx,y,z Assessed for E-fleld polarization 8 = 0 (f < 900 MHz in TEM-call; f > 1800 MHz: R22 waveguide),
NORMx,y,z are only Intarmadiate values, i.o., the uncerlainties of NORMx,yz does not alfect the E*fiald
uncertainty inside TSL (see below ConvF).

s NORM(Nx,y,2 » NORMz,y,z * frequancy_response (ses Fraquency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response s included
in the stated uncarlainty of ConvF,

s DCPxy,z: DCP are numarical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP doas not depend on frequency nor media,

s PAR:PAR ig the Peak to Average Ratio that is not calibrated but determined based on the signal
characlaristics

s Axyz Bxy.z Cxyz VRxyz A B, Care numerical linsarization parameters assessed basad on the dala of
power swaep for spacific modulation signal. The parameters do nol depend on frequency nor media. VR is the
maximum callbration range expressed in RMS voltage across tha diode.

¢ ConvF and Boundary Effact Paramelers: Assessed Iin flat phantom using E-field (or Temperalura Transfer
Standard for { = 800 MHz) and inside waveguide using analylical field distributions based on powaer
maoasurements for [ > 800 MHz. The sama setlups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are givan. These parameters are
usad In DASY4 software 1o improve probe accuracy close lo the boundary. The sensitivily in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dapendent
Convl s usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to & 100
MHz.

= Spherical isotropy (3D deviation from isofropy): in a fleld of low gradients realized using a flat phantom
exposed by a palch antenna.

s Sensor Offsel: The sensor offset corresponds to the offset of virlual measureamant center from the probe tip
(on prabe axis), No tolorance requirad,

Carfilicato No! ES3-3124_Aug12 Paga 2 of 11



ES3DV3 - SNi31d4 August 20, 2012

Probe ES3DV3

SN:3124

Manufactured:  July 11, 2006
Calibrated: August 20, 2012

Calibrated for DASY/EASY Systems

(Mota: non-compalible with DASY 2 systeml)
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ES30V3- SN:3124

August 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3124

Basic Calibration Parameters
Sonsor X Sonsor Y Sensor Z  Unc (k=2)
Norm (uV/(V/m)')" 127 130 130 | 101 %
DCP (mv)" o8.9 102.1 100.4
Modulation Calibration Parameters ,
uiD Communlcation System Namo PAR A B c VR Une'
di 4B ag | MV | (k=2)
0 CW 000 | x | ooo | oo00 100 | 1587 | 3%
Y | 000 0.00 100 | 1633
T2 000 | ooo | 100 | 1602
The ra[:mrlad uncertainty of measurement Is stated as the standard uncerlainly of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
prababillity of approximately 95%.

" Numarical linearization paramater: uncortalnly nal requirad,

* Tha uneaialiniios of Merm¥,Y,2 do not alfect the E*lold uncortalnty Inaide TSL (800 Pages 5 and 6),

¥ Uncartainty is detarminad using the max, doviation from linoar reaponso applying rectangular distribulion and is exprosasd for ihe sguare of the

fiald valua,

Cortificato Mo: ES3-3124_Augi2
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ES3DVA- 5N:3124 Augusl 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3124

Calibration Paramater Determined in Head Tissue Simulating Madia

| 1(MHz)°® pﬁ'ﬂﬂ:ﬂ,' “'ESJ.';{ A ConvP X | ConwFY | ConvFZ | Alpha ?:1':““)' - 'Ejh'.:ca.l

780 | M9 0.80 6.23 6.23 623 | 021 | 237 | £120%
B35 41,5 0.90 6.01 6.01 601 | 087 | 131 | +120%
1810 | 400 1.40 5.07 5.07 507 | 066 | 133 | £120%
1950 400 | 140 4.68 488 488 | 080 | 119 | £120%
2450 30.2 1.80 4,37 437 | 437 | 067 | 142 | £120%
2600 300 | 196 4.26 4.26 426 | 080 | 130 | £120%

© Erequency validity of £ 100 Mz only applias for DASY vi.4 and highor (300 Page 2), elae [i is rostricted o + 50 MHz. The uncartainty [& the RSS
of the Convl® uncartainty st calibration frequancy and the uncortainty for the indicaled frequency band,

' At froquancios bolow 3 GHz, tho valldity of tssue paramotors (s and o} can ba ralaxod 1o + 10% i liquid compensation formuta s appilod to
mansurad SAR valuea. At frequencles above 3 Gz, the validity of ssus paramatera (z and a) s restricled fo + 5%, The uncerlainly Is the RSS of
tha ConvF uncarainty for indicated targat ssua paramalors,

Corlificate No: ES3-3124_Aug12 Page & of 11




ES30DV3- 8M:324

Auguat 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3124

Calibration Parameter Determined in Body Tissue Simulating Media

. Relative _ c:ond'ﬁi':'q_vuy Dapth Unet.

| 1{MHz)" | Pormittivity (8/m) ConvFX | ConvFY | ConvFZ [ Alpha | (mm) | (k=3)
750 55.5 0.06 616 615 | 615 | 060 | 145 | £12.0%
B35 55.2 0.07 6.02 8.02 80z | 052 | 148 | $120%
1810 53.3 1.62 4.76 Ar6 | a6 | 082 | 1567 | £12.0%
1950 53,3 152 4.81 481 4.81 052 | 183 | £120%
2450 62.7 1,95 4.40 4.40 4.40 072 | 115 | £120%

| 2600 52,5 216 419 | 419 448 | 080 | 098 | +120%

S Froquency validity of £ 100 MHz only applios for DASY vA.4 and highar (00 Paga 2), else it is restriciod to + 50 MHz, The uncertainly |s the RS5
ol tha ComvF uncerininty ot callbration fregquency and the uncertalnty for the indicatad fraquancy bard,

¥ At fraquencias balew 3 GHz, tho validity of lissue parameters (¢ and o) can be relaxed to £ 10% I liquld compenaation fermula is appliod to

mensurad SAR valuos. Al frequancian above 3 GHz, tha validity of lissus parametars (x and &) (s restrictad to 1 8%, The uncerlainly is the RSS of

the Conel” uncantalnly for indicatad torget tasue paramotors.

Corlificate No: ES3-3124_Aug12
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ES3DVA- SN:3124 Auguist 20, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k#2)
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ES30V3- SN:3124 Augusl 20, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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ES30VI- SN:3124 Augusl 20, 2012

Dynamic Range f(SARcad)
(TEM cell , f = 900 MHz)
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Unecartainty of Linearity Assesament: £ 0.6% (k=2)
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ES3DVA- SN:3124

Conversion Factor Assessment

= 836 MHz WGLS RS (H_convF)
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ES3DV3- SMN:3124

August 20, 2012

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3124

Other Probe Parameters
Sensor Arrangement Triangular
Connoctar Angle (°) 1284 |
Machanical Surface Deteclion Mode enablad
| Optical Surface Datection Mode disnbled
Probe Overall Langth 337 mm
‘Probe Bady Diametar 10 mm
| Tip Length o 10 mm
Tip Diamaler 4 mm
Prabe Tip to Sensor X Calibration Poinl 2 mim
‘Probe Tip to Sensor Y Calibration Point 2mm
“Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measuremant Distance from Surface ~ 3mm

Corliflcale No: ES3-3124_Augi2 Page 11 of 11
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Enginaerlng!AG

Zoughaunstronee 43, 0004 Zurlc

Acciadited by tho Swiss Acoreditalion Sorvica (SAS5)

Iy, Swllzor|and

Thi Swias Accraditatlon Sorvice ls ono of the slgnatories o the EA
Multilstoral Agreemant for tho rocognition of callbration corliflcatos

Motorola MDb

Cliant

Belwaleorlachar Kallbriordlonst
Sorvice aulsne d'dinlonnngo
Sorvizio avizeora di taralurn
Swinn Collliratlon Servieo

Acereditation No.: SCS 108

Gortifionte No: EX3-3730_Aug12

CALIBRATION CERTIFICATE

Object

Calibration procodura(a)

Calibration dota:

EX30V4 - SNi3730

QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.vd4, QA CAL-25.v4

Calibration procedure for dosimatric E-fleld probes

August 24, 2012

Calibration Equipment used {(MATE crilicnl for calibration)

This calibration cartilicato documants the iraceabilily io natienal siandards, which realize the physical unlis of moeasuramants (S1),
The mensurements ond the unceraintios wilh cenfidence probability ar givan on tha fallowing pagos and ora part of the cerificale.

All ealibrations have boon conducted (n the closed labaratory faciily; anvironment temparature (22 £ 3)°C and humidity = 70%.

1D

Sehaduled Calibration

This calibratian corificats shall not bo NQFMMM excapt in full wilhout wriltan approval of the laboratory.

Primary Stondarda _Cal Dals (Caortilicata Ne.)
Power matar E44 108 | Gid1203874 20-Mar-12 (Mo, 217:01508) | Apr-13
Pawar sansor 44174 MY 1408087 20:Mar-12 (Mo, 21/-01500) Apr-13
_Rafarance 3 dB Allenualor 5M: 56004 (o) 27-Mar-12 (No. 217-01631) Apr-13
Rafaranco 20 dB Allenunlor BH: 85088 (20l) 2FMar-12 (Mo, 217-01620) Apr-13
_Rofaranca 30 dB Aflenuolor | 5K 55120 (30b) 27-Mar-12 (Mo, 217.01532) Apr-13
Refarance Miobe CRI0V2 BH: 3013 2000011 (Mo. E53-3013 Docli) Doc-12
DAE4 B I H 20-Jun-12 (No, DAEA-8G0_Jun12) Jun-13
Sucondary Standards D Check Date (in houss) Sehoduled Check
RF gonarataf HP 0640C USAR4ZU01700 A-Aug D {in house chock Apr-11) In housn chock: Apr-13
Hatwark Analyzer HP BYG3E | US373006858 18-06t-01 {in houge chock Ocl-11) In houan chack: Oat-12
AT Funelion B Signatin
l.r
Calibrated by: Julon Kastrall Laboratory Tachniclon =
: e =
A
Approvad by, Knljn Pokovio Tochnisal Manager

Insuod: August 25, 2012
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Calibration Laboratory of
Schmid & Partner

Engineering AG

Zoughnusstinaso 43, B004 Zurloh, Switzoriand

Sclwolgarinehar Kalibrlandlonat
Sorvico suleso d'dtalonnago
Sarvizio svlzzaro di taratura
Swias Collbration Sorvice

Accroditod by iho Swisa Accrediinlion Service (SAS) Accradiintion No.: SCS 108

Tho Swise Accradiiation Sorvieo ia one of the signatorios to tho EA
Multllataral Agroamaiit for the regafniilon of enllbration cartifiontos

Glossary:

TSL tissua simulating lguid

NORM,y,2 ganaltivily in fren space

ConvF sonsitivity in TSL / NORMz, y.2

DeP diode compression point

CF crast factor {Vduty_cycle) of the RF signal

AB C madulation dependant lingarizalion paramalars

Palarizalion ¢ « rotatlon around probe axls

Palarization 8 9 rotation around an axis that is in the plane normal to probe axis (al measuremant center),

i.e., 8 =0 is normal ta proba axis

Calibration is Parformed According to the Following Standards:

a) IEEE Sid 1528-2003, "IEEE Recommanded Praclice for Determining the Peak Spalial-Averaged Spacilic
Absorption Rate (SAR) in the Human Head from Wireless Communications Davices: Measuramant
Techniques®, December 2003

b} 1EC 62209-1, "Pracedura lo maasura the Spoclfic Absorption Rato (SAR) for hand-held devices used in close
praximity 1o the ear (fraquency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
. NGRMx,y,z Assossod for E-field polarization 8 = 0 (f < 800 MHz In TEM-call; f = 1800 MH=: R22 Wﬂ"iﬂﬂuidﬂ}
NORM:,v,z are only inlermediate values, |.e., the uncertaintias of NORMx,y,z does not affect the E*-field
uncartainty inslde TSL (seo below ConvF),

+  NORM(Nx,y.z = NORMzx,y,2 * froquancy_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2, Tha uncertainly of the frequency response is included
in the aiated uncertainty of ConvF.

s DCPxy.z DCP are numarical linoarization paramelers assessed based on the data of power sweep with CW
signal (no uncertainty roquired), DCP does not depend on fraquency nor media,

s PAR PAR is ihe Peak to Average Ralio that Is not callbrated bul determined based on tha sighal
characleristics

«  Axy.z Bxy.z Cxy.z VRxyz A B, Care numerical lingarization paramaters assessed based on the data of
powar swaep for specilic madulation signal. The parameters do not depend on frequency nor media. VIR is tha
maximum calbration range exprassed in RMS voltage across the diode.

«  Convi- and Boundary Effect Parametors; Assessed in flat phantom using E-field (or Temperature Transfor
Standard for T = 800 MHz) and inside wavaguide using analylical field distributions based on power
maasuramants for { = B00 MHz. The same setups are used for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which lypical uncertainty values are glven, Theso paramelérs ara
used in DASY4 soflware to iImprove probe accuracy close to the boundary. The sensitivily in TSL corresponds
to NORMz,y,z * ConvF wheraby the uncertainty corresponds to that given for ConvF, A frequency dependent
GonvF is used in DASY version 4.4 and highar which allows extending the validity from £ 50 MHz to £ 100
Mz,

s Sphedcal isolropy (30 deviation from (sotropy): In a fiald of low gradients realized using a flat phantom
oxposad by a patch antenna,

s Sensor Offsel, The sensor offsel corresponds 1o the offsat of virtual measuramant contor from the probo tip
{on prabe axia), Mo lolorance required,

Caortifioatn No; EX3-3730_Aug12 Pago 2 of 11




EX30VA « SN:ATI0 August 24, 2012

Probe EX3DV4

SN:3730

Manufactured:  October 19, 2009
Calibrated: August 24, 2012

Calibrated for DASY/EASY Systems

(Mate: non-compaltible with DASY2 sysleml)

Corlificalo Mo: EX3-3730_Augi2 Page 3 of 11



EX30V4- SN:3730

Augual 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3730

Basic Calibration Parameters

Sonser X Sensor ¥ Sonsor Z Une (k=2) |
h@qr,m,(};,\@rswm)_?j’* 0.41 062 0.49 +101 %
DCP (mV) ) 100.4 101.9 100.3
Modulation Calibration Parameters : -
) Communication System Nameo PAR A B c VRt Une"
aB | dB | dB mv | (k=2)
o W 000 | X | 0.0 100 | 1072 | $3.0%
= Y | 000 000 | 100 | 169.7
z| ooo | ooo [ 100 | 1593

The reported uncertainty of measuremant is staled as the standard uncenﬂi_nly of measurament
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.

* The uncartalntios of NormX,¥ 2 do nat alfac! the E™feld uncaitalaty inalde TSL (sea Pages & and G).
" Miimarleal lnnaization pafdmalan uncariainly nol required,

* Uncertainly I8 detormingd using the max. dovialion from linoar responss applylng rectangular distibullon and is expressed for the squar of the

field value.

Caorlificate No: EX3-3730_Aug12
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EX3DV4- SN:3730 Augusat 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3730

Calibration Parameter Determined in Head Tissue Simulating Media

1 {MHz) © " Ip;ﬁﬂlfli::ﬁy’ Gm('g#:;"u“p  GonvF X | ConvF Y | ConvFZ | Alpha ?:1':;'11 'ijhn-c'.'t}
750 41.9 0.89 9,38 9.38 9.38 047 | 077 | £120%
835 1.5 0.90 8.99 8.99 899 | 032 | 095 | £120%
1810 40,0 1.40 7.82 7.82 7.62 0.58 0.71 +£12.0 %
189560 40.0 1.40 736 | V.36 7.36 0.54 0.74 +12.0%
2450 30.2 1,80 6.90 690 | 690 031 | 0087 | £120%
2600 39,0 1.96 6.72 6.72 6.72 046 | 081 +12.0 %
6200 36.0 4,66 4,90 490 | 490 0.35 1.80 #£13.1 %
5300 35.9 476 4.73 4.73 4,73 0.35 1.80 +131 %
5600 a5.5 5.07 4.38 438 | 438 | 040 180 | #131%
5800 353 5.27 4.24 4,24 4.24 0.45 180 | £13.1%

¥ Fraquoncy validity of & 100 MiHz anly applien for DASY vd 4 and higher (soo Page 2), olso it is restricted fo 2 50 MMz, Tho uncarlainty & the RSS
of tha Canvl uncartainty ol ealibration regquancy and (he uncortainly for ihe indiantad froquoncy band.

" At frequancios bolow 3 GHz, the validity of tissue parametors (¢ and o) can bo relaxed to 2 10% if liquid compensation formula is appllod to
monsurad SAR values. A frequencios abovo 3 Gz, the valldity of lissue paramators (: and o ia resiricied to + 5%. The uncaralnly is tho RSS of
tha Convl® uncortainty for Indicated Largol lissud paramaolons,

Carlificale Mo: EX3-3730_Augi2 Fage 5 of 11



EX3DVd- SN:3730 Augual 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3730

Calibration Parameter Determined In Body Tissue Simulating Media

| f (MHz) © Farrt:l'i?:ll:ﬁr_' W?g;;;“'mv ConwF X | ConvFY | ConvFZ | Alpha [:‘;:1'::1'; t(fkt?)
750 55.5 0.96 921 | a1 8.21 0.39 0.92 +12.0 %
835 552 0.97 2.10 910 9.10 0.22 140 | +12.0%
1810 63,3 1,62 745 745 7.45 046 | 077 +12.0%
1950 53.3 1.52 740 7.40 7.40 0.49 0.74 £120% |
| 2450 62.7 1.95 6.86 6.86 6.86 0.80 0.50 +12.0%
2600 62.6 216 6.60 6.60 6.60 0.80 0.50 +12.0% |
5200 49.0 5.30 413 4.13 4.13 045 | 1.90 %131 %
5300 48.9 542 3.94 3.94 3.94 0.50 190 | +131%
5600 48,5 577 340 | 340 | 340 | 055 | 1.80 | +13.1%
5800 48.2 6.00 3.81 3.81 3.81 0.50 1,90 +13.1 %

© Eraquonoy valldity of ¢ 100 MiHz anly appliea for DASY vd 4 and higher {(seo Page 2), elsa it I rastdcted to ¢ 50 MHz. The uncertainty is the RSS
of tha Conyl” uncortainty at calibration requoncy and the uncartainly for the indicatad froquency band.

' At frequonalos balow 3 GHz, the validily of liasue paromaeters (¢ and a) can ba ralaxed to & 10% if liquld compansation formula s appliod to
mansured SAR valuas. At fraquancies abave 3 GHz, the validily of lissue parametors (o and a) is restrictad to £ 5%, The uncarialnly Is the RSS of
tha ConvF uncertalnty for indicated targol lisauo paramolers,

Carillicate No: EX3-3730_Augl12 Pago G of 11



EXaDV4- SN:A730 August 24, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguida: R22)
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EX3DV4- SN:3730

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM
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EX3DVd-—- SM:3730

Dynamic Range f(SAR}qaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessmant: & 0.6% (k=2)

August 24, 2012
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EX30VA- SN:3730 Auguat 24, 2012

Conversion Factor Assessment

[ = B35 MHz, WGLS R (H_convF) = 1810 MHz WGLS R22 (H_convF)
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EX3DV4- SN:3730

Augusi 24, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3730

Other Probe Parametars
Sensor Arrangement Triangular
Connector Angle () 1388
Mechanical Surface Dotection Made anabled
Oplical Surface Datection Mode disabled
Proba Overall Length 337 mm
Praba Body Diamatar 10mm
[ Tip Length 8 mm
Tip Diameter Z5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip lo Senser Y Calibration Paint 1 mm
Prabe Tip lo Sensor Z Calibration Point 1 mm
Recommended Mensurement Distanee from Surlaca 2 mm

Cortilicate No: EX3-3730_Aug12
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CALIBRATION CERTIFICATE

Obiject

Calibration procedure(s)

Calibration date:

EX3DV4 - SN:3728

QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

May 30, 2013

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibrated by:

Approved by:

Jeton Kastrati

Katja Pokovic

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration

Power meter E4419B GB41293874 04-Apr-13 (No. 217-01733) Apr-14

Power sensor E4412A MY41498087 04-Apr-13 (No. 217-01733) Apr-14

Reference 3 dB Attenuator SN: §5054 (3c) 04-Apr-13 (No. 217-01737) Apr-14

Reference 20 dB Attenuator SN: 85277 (20x) 04-Apr-13 (No. 217-01735) Apr-14

Reference 30 dB Attenuator SN: §5129 (30b) 04-Apr-13 (No. 217-01738) Apr-14

Reference Probe ES3DV2 SN: 3013 28-Dec-12 (No. ES3-3013_Dec12) Dec-13

DAE4 SN: 660 31-Jan-13 (No. DAE4-660_Jan13) Jan-14

Secondary Standards 1D Check Date (in house) Scheduled Check

RF generator HP 8648C US3642U01700 4-Aug-99 (in house check Apr-13) In house check: Apr-16

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-12) In house check: Oct-13
Name Function Signature

Laboratory Technician < —— A ( ‘ (,7
A

Technical Manager

Issued: May 30, 2013

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMX,y,z

DCP diode compression point

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

A B,CD modulation dependent linearization parameters

Polarization ¢ ¢ rotation around probe axis

Polarization & 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 9 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:

a)

b)

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

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

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 9 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMXx,y,z does not affect the E2-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

Ax,y,z; Bx,y,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMzx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{(on praobe axis). No tolerance required.
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EX3DV4 — SN:3728 May 30, 2013

Probe EX3DV4

SN:3728

Manufactured: October 19, 2009
Calibrated: May 30, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3728 May 30, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3728

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (pVi(V/m)z)A 0.48 0.45 0.50 +10.1 %
DCP (mV)B 102.3 105.8 102.1
Modulation Calibration Parameters
uiD Communication System Name A B C D VR Unct
dB dBVpv dB mV (k=2)
0 Cw X 0.0 0.0 1.0 0.00 158.1 +3.3 %
Y 0.0 0.0 1.0 145.6
z 0.0 0.0 1.0 117.3

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

* The uncertainties of NormX,Y,Z do not affect the E*field uncertainty inside TSL (see Pages 5 and 6).

Numerical linearization parameter: uncertainty not required.
E Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EX3DV4- SN:3728 May 30, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3728

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unet.

f(MHz)® | Permittivity (sim)* ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
2450 39.2 1.80 6.91 6.91 6.91 0.29 0.93 +12.0 %
2600 39.0 1.96 6.81 6.81 6.81 0.40 0.80 +12.0%
5200 36.0 4.66 4.88 4.88 4.88 0.35 1.80 +13.1%
5300 35.9 4.76 4.65 4.65 4.65 0.35 1.80 +13.1%
5600 35.5 5.07 4.41 4.41 4.41 0.35 1.80 +13.1%
5800 35.3 5.27 4.28 4.28 4.28 0.40 1.80 +13.1%

¢ Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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EX3DV4- SN:3728 May 30, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3728

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f(MHz) ¢ | Permittivity " (Sim) " ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
2450 52.7 1.95 718 7.18 7.13 0.77 0.60 +£12.0%
2600 52.5 2.16 6.77 6.77 6.77 0.80 0.50 +12.0%
5200 49.0 5.30 4.21 4.21 4.21 0.50 1.90 +13.1%
5300 48.9 5.42 4.06 4.06 4.06 0.50 1.90 +13.1%
5600 48.5 5.77 3.51 3.51 3.51 0.50 1.90 +131 %
5800 48.2 6.00 3.86 3.86 3.86 0.50 1.90 +13.1%

g Frequency validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (e and o) is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
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EX3DV4- SN:3728

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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EX3DV4- SN:3728 May 30, 2013

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3728 May 30, 2013

Dynamic Range f(SARcad)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: % 0.6% (k=2)
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EX3DV4- SN:3728 May 30, 2013

Conversion Factor Assessment

f= 2450 MHz, WGLS R22 (H_convF) f = 2450 MHz WGLS R22 (M_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz

Deviation
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3728

May 30, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3728

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -30.5
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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