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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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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.

Cortificat No: EB3-3124_Aug12 Page 1 of 11



Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughnussirasso 43, 0004 Zurlch, Swiizarland

Sohwalzoriecher Kallbriordionst
Sorvice sulasss d'dtnlannage
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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

Pagae 4 of 11




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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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



Calibration Laboratory of

Schmid & Partner
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 Laboratory of o,

S

Schmid & Partner 5“1‘“—--{5* 3

Engineering AG : —.7
Zeughausstrasse 43, 8004 Zurleh, Switzerland i&ﬁ\:‘

Acaradited by tha Swise Accraditalion Sarvice (SAS)
Tha Swiss Acoroditallon Service |s ane of the signatories to the EA
Multitateral Agreement for the rocognition of callbration cerliflcates

cient  Motorola MDb

Schwaelzerlacher Kallbrierdienst
Sorvico sulase d'dtalonnage
Saorvizio avizzere di taraiura
Swiss Collbration Service

Accraditaiion Ne.: SCS 108

Cortillente No: DB35V2-422 Mari1

CALIBRATION CERTIFICATE

EIEIET TN

Objeat Da36V2 - SN: 422

Calibration procedura(s)

Calibiration dalo:

Primary Standards
Powor motar EPM-4424,
Powor sansar HP B481A
Refarénce 20 db Attenuntor
Typa-M miamateh combinalion
Refoeronce Prabo ES3I0DVI
DAE4

Socondary Standards
Powor sangar HP B481A
AF gonoralor R&S SMT-06
Motwork Analyzer HP 0763E

Calibratod by,

Appravid by

QA CAL-05.v8

Calibration procedure for dipole validation kits

March 18, 2011

Callbration Equipmani usad (MATE critical for callbralion)

1 —
GBE37480704
uUs37202783

SN: 5086 (200)
SN: 6047.2 7 06327
SN: 3208

SN: 601

oy

Cal Dato (Goricato No)

08-Qel=10 (No. 217-01266)
06-Qet-10 (No., 217-01266)
30-Mar-10 (No, 217-01158)
30-Mar-10 (No, 217-01162)
30-Apr-10 (Mo, ES3-3305_Apri0)
10-Jun-10 (No. DAE4-601_Jun10)

Chack Dato {in houso)

MY41002317
100008
USA7100606 54206

MNamo
Dimco llioy

Kaljn Pokovie

18:0¢1-02 (in houao chack Oct-09)
4-Aug-99 (in house chock Ocl-09)
18-0c1-01 (in house check Oct-10)

Funation
L Ehﬁrllﬂl'p' Tachnlclan

Tachnleal Managor

This calibration cortiticata shall not ba mpl::_xclucgd axcapt in full l.-,nll'n:!!l_l_w[lttun approval of the laboratory.

Thia ealibration cariifieate documants tho tracoability to nationnl standards, which reallze tha physical units of measuramaents (51).
Tho measuromaonis and tha uncenalniias wilh confidanca probabllily aro glven on tho following pagas and aro part of the cerificata.

Al calibrationa have beon condugtod in tho closod laboratory facility; anviranmant tamporature (22 £ 3)°C and humidity < 70%,

Sehadulad Calibration
Qat-11
Oot=11
Mar=11
tdar-11
Apr-11
Jun-11

Sehedulad Chock
In houso choak: Oat-11
in houss chack: Oot-11
In houso chock: Dof11

Signature
() Vieor

|asuad: March 18, 2011

Cartificate No; DB3EV2-422 Mar11
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrosse 43, 8004 Zurlch, Switzerland

Sehwalzariacher Kallbriordlenst
Sarvice aulsse d'dlalonnage
Servizlo svizzaro di taratura
Swinn Collbration Service

Ancraditad by the Swiss Accradilation Sorvico (SAS) Acereditation No.: SCS 108
The Swiss Accreditation Sorvice s one of the signatorlos to tho EA
Multilatoral Agranment for the recognition of ealibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2008, "|IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, Dacembar 2003

b) 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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
¢« Measurement Conditions: Further details are available from the Validation Report at the end
of the certificata. All figures stated in the certificate are valid at the frequency Iindicated.

e Antenna Parameters with TSL: The dipole is mountad with the spacer to position its fead
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Returmn Loss ensures low
reflected power. No uncertainty required.

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

o  SAR measured: SAR measured at the stated antenna input power,

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

« SAR for nominal TSL parameters: The measured TSL parametars ara used to calculate the
nominal SAR result.

Corlllicato No: DB3GV2-422 Marl 1 Paga 2 ol B



Measurement Conditions

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

DASY Verslon DASYS V52.6.2
Extrapolation Advanced Exlrapolation
Phantom Maodular Flat Phantom V4.9
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolutlon dx, dy, dz =5 mm
Fragquency 836 MHz = 1 MHz
Head TSL parameters
Tha f-:IIII:IWIr'Ig Eurumolum and calculalions wara ugplied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 41.5 0,90 mho/m
Measured Head TSL parameters (22.0+0.2)°C 410+6% 0.89 mho/m + 6 %
Head TSL temperature during test (22.0+0.2) °C
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR maasured 250 mW inpul power 232mW /g
SAR normalized nermalized o 1W D2amMW /g

SAR for nominal Head TSL paramaters

narmalized to 1W

9.33 MW /g = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measurad 250 mW input power 1.62mW /g
SAR normallzed narmalized to 1W B.OBmW /g

SAR for nominal Head TSL parameters

narmalized 1o 1W

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

Corificate No; DB35V2-422 Marl1
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Body TSL parameters
Tha 10IICJWI{‘|_5 parametars and ealculations were appliad,

Temperature Parmittivity Conductivity
Neminal Bedy TSL parameters 22.0°C 562 0.97 mho/m
Measured Body TSL parameters (22.0 £0.2) "C 54.34+6% 0.99 mha/m 6 %
Body TSL temperature durlng test (22.2x0.2)°C
SAR result with Body TSL
SAR averaged aver 1 em” (1 g) of Body TSL Condition
SAR measurad 250 mW Input powaer 249 mW /g
SAR normalizod narmallzad to AW 10.0mW /g
SAR for nominal Body TSL parameters narmalized to 1W 8.77 mW /g £ 17.0 % (k=2)
SAR avaraged ovar 10 cm® (10 g) of Bady TSL conditlon
SAR measunad 2650 mW Input power 1.63mW /g
SAR normalized normalized to 1W 68.52mW /g
SAR for nominal Body TSL parameters normalized to 1W 6.43 mW /g £ 16.5 % (ku2)

Carlllicale No: DB3EV2-422 Mari1 Page 4ol 8



Appendix
Antenna Parameters with Head TSL

Impadance, fransformed (o fasd polnl B3302+33 ]ﬂ
Relum Loss - 26,0 dB

Antenna Parameters with Body TSL

Impedance, transformad to fead paint 4880 + 1.8
Return Loss -33.3dB

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.427 ne

Aftar long term use with 100W radiated powar, anly a slight warming of the dipole near the leadpeint can be measured.

Tha dipole Is made of standard semirigid coaxlal cable. The center conductor of the feeding line is directly connacted to the
sacond arm of the dipole. The antenna Is tharefore shart-clrculted for DC-signals,

Mo excesslva force must ba applied to the dipole arms, bacauso thay might band or the seldored connaclions near the
feadpolnt may be damaged.

Design Modification by End User
The dipole has been madilied with Tellon Rings {TR) placad within [dentifled markings closa to tha and of each dipole am,

Calibration has been performed with TR attached to the dipole.

Additional EUT Data

Manulacturad by SPEAG
Manulacturad on August 24, 2000

Cartificate No: DB35V2-422 Mar11 Page 5 of &



DASYS5 Validation Report for Head TSL

Date/Time: 18.03.2011 10:31:11
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DB35SV2 - SN:422

Communication System: CW; Frequency: 835 MHz; Duty Cycele: 1:1

Medium: HS1.900

Medium parameters used: f = 835 MHz; o = 0.89 mho/m; g, = 41; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63, 19-2007)

DASYS Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(6.03, 6.03, 6.03); Calibrated: 30.04.2010
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 10,06.2010
« Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
¢« Measurement SW: DASYS2, V52.6.2 Build (424)
« Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56.580 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.476 W/kg

SAR(1 g) = 2.32 mW/g; SAR(10 g) = .52 mW/g

Maximum value of SAR (measured) = 2.692 mW/g

240
4.00
120

B.60

=12.0n

0dB =2.690mW/g

Caortificate No; DB3AEV2-422_Mar11 Paga G ol 9



Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date/Time: 16.03.2011 15:51:37
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB3SVZ; Sevial: D35SV - SN:422

Communication System: CW; Frequency; 835 MHz; Duty Cyele: 111

Medium: MSL900

Medium parameters used: [ = 835 MHz, o = 0L99 mho/m; &, = 54.3; p = 1000 kg,lm“
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI €63.19-2007)

DASYS Configuration:
« Probe: ES3DV3 - SN3205; ConvF(5.86, 5.86, 5.86); Calibrated: 30.04.2010
#  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 10.06.2010
s Phantom: Flat Phantom 4.9L; Type: QDO00OP49AA; Serial: 100]
«  Measurement SW: DASYS52, V52.6.2 Build (424)
« Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid; dx=5mm, dy=5mm, dz=5mm

Reference Value = 55,816 V/m; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 3.673 W/kg

SAR(I g) = 2,49 mW/g; SAR(10 g) = 1.63 mW/g

Maximum value of SAR (measured) = 2,900 mW/g

i

.40
4.0
.20

.60

<1200

0dB = 2.900mW/g
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Enginearing AG

Zoughausstrasse 43, 8004 Zurlch, Switzerlond

Sohwaelzerisoher Kallbrisrdienst
Sorvioo sulsse d'éinlonnage
Sarvizio svizzero di taraturn
Swiss Cnllbration Service

Accraditad by the Swiss Accradilation Service (SAS) Acereditation No.: SCS 108

The Swiss Accreditallon Sorvice Is one of tho signatorlos to tho EA
fAultilataral Agraament for the recognition of callbration certificntes

Motorola MDb
CALIBRATION CERTIFICATE

Cerililcate No: DB35V2-436_ Mari1

Cliant

Objset DEIEV2 - SN: 436

QA CAL-05.v8
Calibration procedure for dipole validation kits

Callbration procadura(s)

Calibratiors date: March 18, 2011

This ealibration carillicnte documaenta ihe iracoabllity 1o national slandarda, which realizo the physical unils of measuramants (S1),
Tha maasuramania and tho uncortaintios with confidenco probability are given an the tallewdng pagos and ar part al the codificalo,

All calibrations have boan conductad in the closed laboralory laclity: envirenmant tamperature (22 + 3)°C and humidity = 70%.

Callbration Equipmoni used (MATE critical for callbration)

| Primary Standards Y] Cal Dato {Cartllicata No,) Sohodulod Callbration
Powar molar EPM-4424 GBATABO704 06-Cel-10 {No. 217-01266) Qel-11

Powar senaor HF B4A1A US372027483 06-0cl-10 (No. 217-01266) Qet-11

Rofaronce 20 dB Altenuator SN: 5006 (20g) J0-Mar-10 (Ne. 217-01188) far-11

Typo-M mismateh combinalion SN: B047.2 7 08227 a0-Mar-10 (No. 217-01162) Mar-11

Rafarence Probe ESIDVA 5N: 3206 30-Apr-10 (Mo, ES3-3206_Aprid) Apr-11

DAE4 SN: 601 10=Jun=10 (Mo, DAE4-601_Jun10) Jun=11

Sacondary Standards 10 W Check Dala (in housa) Scheduled Chaock
Powor sensor HP 84B1A MY41082317 18-0cl-02 (in houso chack Oct-08) In house chock: Oc1-11
AF generater &S SMT-06 106006 4-Aug-89 (in housa chock Ocl-08) In house check: Oat-11
MNotwark Analyzer HP O763E UBAYA00586 54206 10-0al-01 (in houso chock Oct-10) In housa chack: Oct-11

MNoma Funclion Slgnatura
Calibratad by: Dimoa |llay Laboratory Tachnlolan {2) r)%/
Approvad by; Kalja Pokovic Tachnical Mannger

Isaued: March 18, 2011

This callbration coriificate shall nat be reproduced excop! In lull withou! wrilten approval of the laboratory.

Cartilicale No: DBIGV2-436_Mar11
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Calibration Laboratory of 1,

S0, g  Schwelzerischer Kallbriordionst
™ = -
Schmid & Partner iﬁﬁ g Sorvice suisse d'dtalonnage
Enginearing AG To——u7 Servizio svizzera di taralura
Zoughaussirasse 43, B004 Zurlch, Swilzerland % ;ﬁ‘}? S Swiss Callbration Service
R R
Accrodiled by the Swiss Acoradilation Sorvico (SAS) Aceraditation No,: SCS 108

The Swiss Accreditalion Service is one of the signatories to the EA
fMultiiataral Agresment for the recognition of callbration carlificntos

Glossary:

TSL lissue simulating liquid

GonvF sansitivity in TSL / NORM x,v,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-

b)

Averaged Speacific Absorption Rate (SAR) in the Human Head from Wirelass
Communications Devices: Measurement Techniques”, December 2003

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

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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Feed Point iImpedance and Relurn Loss: These parameters are measured with the dipale
positioned under tha liquid filled phantom. The iImpedance staled is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

Carlilicate No: DRAGV2.436_Mari i Page 2 of 9



Measurement Conditions

DASY system conliguration, as far as not

lvan on pagea 1.

DASY Verslon DASYS V52.6.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipole Conter - TSL 16 mm with Spacor

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz £ 1 MHz
Head TSL parameters

Tha following parametara and calculations wara applied.
Temperatura Parmlitivity Conductivity

Nominal Head TSL parameters 220°C 41,5 0.90 mho/m

Maasurad Head TSL parameters (22.0+0.2) °C 41.0+6% 0.89 mho/m + 6 %

Head TSL temperature during test (22.0+0.2) °C “--
SAR result with Head TSL

SAR averaged aver 1 em” (1 g) of Hend TSL Condition

SAR moasurad 250 mW Input powar 242mMW /g

SAHR normalized normalized to 1W 9.68mMW /g

SAR for nominal Head TSL parameters

narmalized lo 1W

9.7 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Hend TSL condition

SAR measurad 250 mW Input power 1.58 MW /g

SAR normalized normalized to 1W 8.32mW /g

SAR for nominal Head TSL parameters normallzed to 1W 6,36 mW /g % 16,5 % (k=2)

Corificate No; DB36V2-436_Mar11
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Body TSL parameters

The fallowing parameters and calculations were applied,

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 55.2 0.87 mha/m
Measured Body TSL parameters (22.0+0.2)°C F43+0% 0.89 mho/m 6 %
Body TSL temperature during test (22.2+0.2)°C

SAR result with Body TSL

SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW Input power 266 mW /g
SAR normalized narmalized to 1W 10.2mW /g

SAR for nominal Body TSL paramators

narmalized 1o TW

10,1 MW/ g £ 17.0 % (k=2)

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

SAHR measurad 2650 mW Inpul powar 1.68mW /g

SAR normalized normalized to 1W 872mW/g

SAR for nominal Body TSL paramaters normallzed to TW 6,63 mW /g £ 16,5 % (k=2)

Carlllicate No: D835V2-436_Mar11
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Appendix

Antenna Parameters with Head TSL

Impadance, transtormad 1o fead paln flA4ti-256 jﬂ
Raturn Loss =311 dB

Antenna Parameters with Body TSL

Impndan:o, transfarmoed to load Flﬂlr‘ll 47,68 -4.0j0
Return Loss - 26,4 d8

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.378 ns

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

Tha dipola s made of standard semirigid coaxial cabla, The contor conductar of the tuadlng lina is direclly connecled lo the
sacond arm of the dipola, The anténna is tharalore short-clraulted for DC-signals,

Mo axcosslva force must bo applied to the dipele arms, bacausa they might band or the solderad connactions noar the
feadpoint may be damagad,

Design Modification by End User
The dipole has bean modiflad with Teflon Rings (TR) placed within identifled markings closa to tha and of each dipala arm,
Callbration has been performed with TR attachad te the dipala.

Additional EUT Data

Manulaciured by SPEAG
Manufactured on Dacamber 15, 2000

Corilicate No: DB35VZ2-436_Mar11 Pago 5ol 9



DASYS5 Validation Report for Head TSL

Date/Time: 18.03.2011 10:48:36

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN:436

Communication System: CW; Frequeney: 835 MHz; Duty Cycle: 1:1

Medium: HSLO0O .
Medium parameters used: = 835 MHz; a = 0.89 mho/m; &, = 41; p = 1000 k.g!nfl
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.03, 6.03, 6.03); Calibrated: 30.04,2010
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 5n601; Calibrated: 10,06.2010

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
Measurement SW: DASYS52, V52.6.2 Build (424)

Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57,928 V/m; Power Drifi = 0,01 dB

Peak SAR (extrapolated) = 3.620 W/kg

SAR(1 g) = 2.42 mW/g; SAR(10 g) = 1.58 mW/g

Maximum value of SAR (measured) = 2.816 mW/g

<Al

400

520

-0.60

-12.00

0dB =2.820mW/g
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date/Time: 16,03.2011 16:11:52
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:436

Communication System: CW; Frequency: 835 MHz; Duty Cycle: 111

Medium: MSIL.900

Medium parameters used: = 835 MHz; o = 0.99 mho/m: &, = 54.3; p = 1000 kgjnf‘
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS Configuration:
+ Probe: ES3DV3 - SN3205; ConvF(5.86, 5.86, 5.86); Calibrated: 30.04.2010
« Sensor-Surface: 3mm (Mechanical Surface Detection)
»  Electronics; DAE4 Sn601; Calibrated: 10.06,2010
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001
«  Mensurement SW: DASYS2, V52.6.2 Build (424)

+ Postprocessing SW: SEMCAD X, V14.4.4 Build (2829)

Pin=250 mW /d=15mm, dist=3.0mm (ES-Probe¢)/Zoom Scan (7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 56,649 V/in; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.789 W/kg

SAR(1 g) = 2.56 mW/g; SAR(10 g) = 1.68 mW/g

Maximum value of SAR (measured) = 2,988 mW/g

di

2.0
AQn
-F.20

-0.40

-12.00

0dB = 2.990mW/g
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

F s 5 Schwalzorlachar Kallbriordionsl
Echmid & Partner —— -P-'. c Bervice aulsse d'dtalonnage
Engineering AG S Sarvizlo svizzers di laratura
Zoughnusairnasa 43, 8004 Zurich, Bwlizerinnd ##;'T"\‘:-\ ‘3: 5 Swilaa Callbratlen Sarvica
T, il t

Agcroditod by tho Swiss Accrediialion Sorvice (SAS) Accreditation No.: SCS 108
Tho Swias Aceraditation Service la one of tho algnatorloa to the EA

Mullilntaral Agresment for the recognition of ealibration cerlilicates

ciiet  Motorola MDb Cortifionto No: D1800V2-2d190_Jan12
CALIBRATION CERTIFICATE

Object D1800V2 - SN: 2d190

Callbration procadura(s) QA CAL-05.v8

Calibration procadure for dipole validation kits above 700 MHz

Calibration dolo:

January 05, 2012

This callbration ceriilicate documants the Iracoabiliity to national standards, which ronlize tho physioal unlts of moasuremaents (Sl
Tha moasuraments and tho unconaintios with sonflidence prababiliity ara given on tho following pagos and aro par of the cortificata,

Callbration Equipmant used (M&TE orlical for callbration)

All calibrations have boon conduclod In the closad laboratory facility: anvirenmant lemparature (22 2 3)°C and humidity = 70%.

Primary Siandnrda 10 Cal Dato (Conilicata Mo. ) Sohodulod x_‘.;_q_[lll?ullflqn

Powor motar EPM-4424 GR37480704 05-0et=11 (Mo, 217-01451) Ocli2

Powor sensor HP 8481A USarapz7an 08-00t=-11 (Mo, 217-01401) Qcl-12

Rataranca 20 dB Allenuator SN BOAG (200) 20-Mar-11 (Na, 217-01368) Apr-12

Typo:N mismalgh combination SM: B047.2 / 06327 2-Mar-11 (Mo, 217-01371) Apr12

Roleranco Probe ESA0VA SN: 3206 A0-Dac-11 (No. ES3-3205_Decit) Dac-12

DAEA 8 601 Od=Jul-11 (Mo, DAE4:B01_Jul11) JulA2

Socondary Standards (= Chock Data {in houso) Schodulod Ghogk

Powor sonsor HP G414 MY4108207 18-0el-02 {in house chack Ogl-11) In houga chack: Oc1-18

RAF ganaralor HAS BMT-00 100005 Qd-Aug-88 {in housa chack Oct11) In housa chack: Ogt-13

Notwork Analyzor HP 8763E US37300505 54200 18-0at-01 {In house chack Oal-11) In housa chock: Oct-12
Namo Funaolion Signalurs

Calibratad by: laraa El-Naoug Laboratory Taghnloian ['- ﬂ

[ P C_:JJ-"- LY L-!'
Appraved by: Knlja Pokovie Tochnizal Managar

lasuad: Jarnuary 12, 2012

‘This calibration caorfiticata shall not ba reproducad axcapt in full without writton npproval of the Inboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zoughausstrnsse 43, 8004 Zurlch, Switzerinnd

Sehwalzorischar Kalibriordionst
Sarvico sulsso d'dtalonnage
Sarvizle svizzara di taratira
Swiaa Calibratlon Sorvice

Aceradited by the Swiss Accreditation Service (SAS) Acoreditation No.: SCS 108
Tha Swisa Accreditalion Sorvies Ia ane of the algnatoriea to tho EA
Multiinteral Agreoment for tho recognition of anlibration cortifioatos

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

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

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

Fedaral Communications Commission 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 Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Decumentation:

d)

DASY4/5 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 Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented

parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connactor to the feed point. The Return Loss ensures low
reflacted powar. No uncerlainty required.

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

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

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

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

Caortificate No: D1800V2-2d190_Jani2 Page 2ol 8



Measurement Conditions
DASY system configuration, as far as not

fven on page 1.

DASY Veralon DASYS V52.8.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Centar - TSL 10 mm with Spacor
Zoom Scan Rasolution dx, dy, dz =5 mm
Fraguancy 1800 MHz + 1 MHz
Head TSL parameters
The following paramelers and calculations were applied.
Temporature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measurad Head TSL parameters (22.0 £ 0.2) "C 397+8% 1.37 mho/m + 6 %
Head TSL temparature change during test =0.5°C
SAR result with Head TSL
SAR averaged over 1 em” {1 g) of Head TSL Condition
S5AR measurad 250 mW Input powar 8.70mW /g
SAR tor nominal Head TSL paramalars narmalized to 1W 30.3 MW /g + 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 250 mW Input power 515mW /g

SAR for nominal Head TSL paramaters

normalized to 1W

20.8 mW /g = 16.5 % (ke2)

Body TSL parameters
The following parameters and calculations ware applied.
Tamparature Parmittivity Conductivity
Nominal Body TSL paramoters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (220 0.2)°C 53.0x6% 1.46 mho/m + 6 %
Bady TSL temperature ehange during test <0.6°C
SAR result with Body TSL
SAR avernged over 1 em® (1 g) of Body TSL Condition
SAR measurad 260 mW input powaer 8.24 mW /g
SAR for nominal Body TSL paramaters normalized 10 1W 37.8 MW/ g = 17.0 % (k=2)
SAR averaged over 10 am’ (10 g) of Bady TSL condition
SAR measurad 250 mW inpul power 4.00 mW /g
SAR for nominal Body TSL paramaters normalizad to 1W 19.0 mW / g = 16.5 % (k=2)

Corificate No: D1800V2-2d190_Jani2
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Appendix
Antenna Parameters with Head TSL

Impadance, transformad to fead point

4830510

Roturn Loss

-262dB

Antenna Parameters with Body TSL

Impedanca, transfarmed 1o fead paint

45.101-4.4 )0

Return Logs -23.2dB
General Antenna Parameters and Design
Elecirieal Dalay (one direction) 1.209 na

Alter lang torm usa with 100W radiated power, anly a slight warming of the dipole near the feadpoint can ba measurad,

The dipole is made of standard semirigld coaxial cable. The center conducter of the feeding line is directly connactad to the
gecond arm of the dipole. The antenna is therefore shori-circulled for DC-signals, On some of the dipoles, small end caps
are addad to the dipole arma In order to improve matching when loaded according to the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole langth is still

according to the Standard,

Mo excessive force must be applied to tha dipale arms, because they might band or the soldered connaections near the

feadpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

May 06, 2011

Certilicate No; D1800V2-2d190_Jan12
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DASYS Validation Report for Head TSL

Date: 05.01.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIB00V2; Serial: DIS00V2 - SN: 2d190

Communication System: CW; Frequency: 1800 MHz

Medium parameters used: £= 1800 MHz; o = 1.37 mho/m; &, = 39.7; p = 1000 kghn"
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Confliguration:
«  Probe: ES3DV3 - SN3205; ConvF(5.07, 5.07, 5.07); Calibrated: 30,12.2011

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sno01: Calibrated: 04,07,201 1

Phantom; Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

DASY52 52.8.0(692); SEMCAD X 14,6.4(4989)

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

Reference Value = 97.724 V/im; Power Driflt = 0.03 dB

Peak SAR (extrapolated) = 17,1580

SAR( g) = 9.7 mW/g: SAR(10 g) = 5.15 mW/g

Maximum value of SAR (measured) = 12,047 mW/g

-2.60
150
10,0

14,40

1000

0 dB = 12,050mW/g = 21.62 dB mW/g
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DIB0O0VZ - SN: 2d 190

Communication System: CW; Frequency: 1800 MHz .
Medium parameters used: [ = 1800 MHz; o = 1.46 mho/m; g, = 33; p = 1000 kg/my

Phantom section: Flat Section
Measurement Standard: DASYS (IEEL/IEC/ANST C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.74, 4,74, 4,74); Calibrated: 30.12.2011
s Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DALE4 Sn601; Calibrated: 04.07,2011
+ Phantom; Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
+  DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

Date: 04.01,2012

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 93,336 V/m; Power Drift = -0.02 dB
Peak SAR (extrapolated) = 15.8910

SAR(1 g) = 9.24 mW/g; SAR(10 g) = 4.9 mW/g
Maximum value of SAR (measured) = 11.645 mW/g

160
L
-Hikan

-14.40

=00

0dB = 11.640mW/g =21.32 dB mW/g
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Sohwelzeriachor Kallbrlardianat
Service aulsso d'dinlonnnge
Sorvizio svizzero dl toratura

Zoughnusstrosso 43, 8004 Zurlch, Switzerland S Swina Callbratlon Sorvice

Aceroditad by the Swiss Accraditation Sorvico (SAS) Aceraditation No.: SCS 108
Tha Swiss Acereditatien Service is one of the signatories to the EA

Multilnteral Agroomont for the recagnition of ealibration cortllicates

client  Moterola MDb Cerlitiente No: D1800V2-259_Oct11

|CALIBRATION CERTIFICATE

Object D1800V2 - SN: 2569

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

Calibration procodura(s)

Callbration datea:

Qctober 20, 2011

This calibration cortilicate documaents tho tracoabilily ta nalional standards, which roalizo tha phyaleal units of mensurements {Sl).
Thi measuramonia and tha uncerninties with confidonco probabllity ara givan on tha following pages and ara part of the certificato,

Calibration Equipment ugod (METE aritieal for calibration)

All ealibraiions hava baon conductad in tha cleasd Inboratory lacility: onvironmont temporature (22 + 3)°C and humidity = 70%.

This calibraon goriicate shall not be reproduced excepi n ful wihou! witen approval of the laboratory.

Primary Standards o# Cal Dato (Cortificata No.) Sehadulad Calibratlon

Powor malor EPM-4424, GRAFAN0704 08-0cl-11 (No. 217-014461) Ocl-12

Powuor sangor HP BAB1A us3zvzazvas 05:0cl:11 (Mo, 217:01451) Oal-12

Ralaranca 20 dB Allenuntar SN: 50886 (200) 20-Mar-11 {(No. 217-01268) Apr-12

Typo-M mismatch combinalion SN: 8047.2 / 06227 20-Mar-11 (Mo, 217-01371) Apra12

Rolaronca Proboe ES3DV3 SN 3205 2i-Apr-11 (Mo. EHB@EDE_API'I 1) Apr-12

DAE4 SHN: 601 Od-Jul-11 (Mo, DAEA-G01_.Jul11) Jul-i2

Sacondnry Standards (s} .F:".'.'.'PF" E?an {in hnqunj o Sehoduled Chock

Powar sonsor HP B481A MyY41092317 18:0nt-02 (in houso chock Col-11) In house chock: Oet-13

AF ganamlor H&S SMT-06 100005 04-Aug-98 {in housa chack Oct-11) In houso chack: Qaot-13

Motwark Analyzor HP 07510 US37390585 542068 18-0ct-01 (in house chock Ool-11) In house cheok: Oct-12
MNama Funglign Signatura

Callbratod by: Jotan Kastratl Laboratory Tachnlcian P "_ = 2 e

- = [~
Approvad by: iKaijn Pokovic Technlcal Monagor . r’ =

Issund: Oolober 20, 2011

Coilificate No: D1800Y2-259_0ct1
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Calibration Laboratory of s,

\Q:"_r.a Schwalzariachor Kallbriordianal
Schmid & Partner *HF- Service sulssa d'dtalonnage
: f
Engineering AG gaﬁ,};'qﬁmg Sarvizlo svizzore di taratura
Zoiighauasirnaas 43, 8004 Zurich, 8wilzerland if,‘q,-':::‘n-:‘\“}‘- Swias Callbratien Sorvice
4 IflI.I it
Aonaraditod by tho Swiss Acoradilation Sorvice (SAS) Accreditation No.; SCS 108

Tho Swiss Accroditation Sorvice Is one of the signalaries 1o the EA
Multilnteral Agrasmant for tha rocognition of aalibration certificnates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Recommended Praclice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Davices: Measurament 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)",
Fabruary 2005

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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Corilleatle Na: D1800V2-289 0at11 Page 2 of 8

Measurement 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 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 oriented

parallel to the bady axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA conneclor to the faead point. Tha Return Loss ensures low
reflected power, No uncertainty required,

Elactrical Delay: Ona-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured; SAR measured at the stated antenna input power.

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

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




Measurament Conditions

DASY system configuration, as far as nof given on page 1.

DASY Verslon DASYE V6282

Entrapmmrnn Advancad Extrapolation

Phantom Modular Flat Phantomn

Distance Dipole Cantar - TSL 10 mm with Spacar

Zoom Scan Resolutlan dx, dy, dz = 6 mm

Frequeney 1800 MHz + 1 MHz
Head TSL parameters

The fellowing parameters and caloulations were applied,
Tamparature Parmittivity Conductlvity

Meminal Head TSL paramoters 22.0°C 40.0 1.40 mho/m

Moasurad Head TSL parameters {220+ 0.2)°C B7x6% 1.38 mho/m £ 6 %

Head TSL temperature change during test =0.56°C
SAR result with Head TSL

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

SAR measured 260 mW Input powar 8,46 mW /g

SAR for nominal Head TSL parametars

normalized o 1W

38.1 mW /g £ 17.0 % (km2)

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

candition

SAR measurad

260 mW input powar

4.98 mW /g

SAR for nominal Head TSL parametars

normalized to 1W

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

Body TSL parameters
The following parameters and calculations wara applied.
Temperature Permittivity Conductivity
Naminal Bady TSL paramaelers 22.0°C 533 1.52 mho/m
Measurad Body TSL parameters (22.0 +0.2) "G 54.4 6% 1.52 mho/m « 6 %
Body TSL temperature chango during test =0.5°C
SAR result with Body TSL
SAR averaged over 1em” (1 g) of Body TSL Conditlon
5AR measurad 250 mW Input power ar2mW/g

SAR for nominal Body TSL parameters

normalizad o 1W

39.1 mW /g =17.0 % (K=2)

SAR avaragod over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 514 mW /g
SAR far nominal Bady TSL paramelors narmalizad o 1W 20.6 mW / g = 16.5 % (k=2)

Gartilicate No; D1B00VZ-258_ Ot
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Appendix

Antenna Parameters with Head TSL

Impadance, translormad (o fead point 49140 -57 1
Return Loss -24.7dB

Antenna Parameters with Body TSL

Impadance, transformad to feed polnt 46,20 - 57 |2
Return Loss -22.14dB

General Antenna Parameters and Design

Elecirical Delay {one directlon) 1.187 ns

After long lerm use with 100W radiated powaer, only a slight warming of the dipole near the feedpaint can bo maasured,

The dipole |8 made of slandard samirigld coaxial cable. The centar conduetor of the feading line Is directly connacted te tha

second arm of the dipala. The antenna Is tharefore short-clreulted lor DC-signals.
Mo excessive force must be applied to the dipole arms, because thay might band or tha soldered conneclions near the

feadpoint may be damagad.

Additional EUT Data

Manufacturad by SPEAG
Manufacturad on Dacambar 23, 1938

Corilicate No: D1B0OV2-259_0ci11 Pago 4 of &



DASYS Validation Report for Head TSL

Date: 20.10,2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DIR00V2 - SN: 259

Communication System: CW; Frequency: 1800 MHz

Medium parameters used: = 1800 MHz; o = 1.38 mho/m; & = 39.7; p = 1000 kg!m"
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/JIEC/ANST C63,19-2007)

DASYS2 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(5.07, 5.07, 5.07); Calibrated: 29.04.2011
« Sensor-Surface: 3mm (Mechanical Surface Detection)
o [Electronics: DAE4 Sn601; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5,0 (front); Type: QDOOOPS0AA; Serial; 100]
« DASYS2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Relerence Value = 96.773 V/m;, Power Drift = 0.04 dB

Peak SAR (extrapolated) = 16,874 W/ikg

SAR(1 g) = 9.46 mW/g; SAR(10 g) = 4.98 mW/g

Maximum value of SAR (measured) = 1 1.912 mW/g

4,00
100
TR

2o.un

#%.00

0dB = 11.910mW/g

Certilicala No: D1800V2-260 Oclil Pago G of 8



Impedance Measurement Plot for Head TSL

CHY s11

*
Dl

UA

i
16"

Hid

CHZ

Hid

811

. l.ﬁ — T

30 0ot 2011 O@rilvdd
1UFs Ad4neTe -49340 1038 pF

1 Bon.000 000 Hiz

008 HHz

\L

Fanm et T=

START 1 6OD.0OD DDO HHE

STOF 2 100,000 080 [He

CHi Narkers
3t S5E.AZ28 O

1.90000 O3

CHZ Harkere

I

Cortilicate No: D1800V2-250_Octii

PagoGof 8



DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1800V2 - SN; 259

Communication System: CW; Frequency: 1800 MHz

Medium parameters used: = 1800 MHz; o = 1.52 mho/m; ¢, = 54.4; p = 1000 kg/m’
Phantom section: Flal Section

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

DASYS52 Configuraiion:

Probe: ES3DV3 - SN3205; ConvF(4.74, 4,74, 4.74): Calibrated: 29.04.2011
sSensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04,07.2011

Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
DASYS2 52.6.2(482), SEMCAD X 14.4.5(3634)

Date: 20.10.2011

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94.339 V/m; Power Drift = -0,08 dB
Peak SAR (extrapolated) = 17.128 W/kg

SAR(I g) = 9.72 mW/g; SAR(10 g) = 5.14 mW/g
Maximum value of SAR (measured) = 12.317 mW/g

-1#.00

1600

0dB = 12.320mW/g
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Enginearing AG

Zoughnussirasse 43, 8004 Zurlah, Switzarland

Schwolzorincher Knlibrierdiaonst
Barvico sulsso d'dlnlunnuqn
Servizlo svizzero dl taratura
Swisa Calibratlon Sorvice

Accraditad by the Swiss Accradilation Sorvico (SAS) Accraditation No.: SCS 108

Thi Swiss Aceradiiation Sorvice s one of the signatorios to the EA
Multiinteral Agroement lor the recognilion of ealibration eortificntos

Motorola MDb Cortifiente Ho: D2450V2-740_Feb12

Cllent

CALIBRATION CERTIFICATE

D2450V2 - SN: 740

Objoct

QA CAL-05.v8
Calibration procedure for dipole validation kits abova 700 MHz

Calibration procadura(s)
Callbration dota:

February 07, 2012

This callbralion cerlilicate degumants the iracoabiily io natlonal siandards, which realize tho phyaleal uniia of maasurements {S1).
Tha measuramants and the uneoftaintineg with canfidonca probabliity ara givan on tho following pagos and ara parl of tho cerificat,

Callbration Equipment usad (M&TE crlical tor calibration)

Al calibralions hava baon sonductad in tho clasad Inboratory Iacility: onvironment temperature (22 + 3)°C and humidity < 70%.

e

Primary Standards D # Cal Data (Canificato No.) Sohodulod Callbration

Pownr malor EPM-4424A GBAT400704 05-0cl-11 (Mo, 217-01451) Q=12

Powar sansar HP B4B1A Usa7 202783 05-0ct-11 {No. 217-01451) Qo2

Raoforenco 20 dB Allanuatar SN: 508G (20g) 20-Mar-11 (No. 217-01360) Apr-12

Typa-N mismatch comblnalion SN: 80472 / 08527 20-Mar-11 (No, 217-01371) Apr-12

Roleranco Probe ESI0V3 SN; 3205 30:Dao-11 (Mo, ES3-3206_Doc11) Doe-12

DAEd SH: 601 Od-Jul-11 (Mo, DAEA-601_Juli1) Jul-12

Socandary Slandards Dy Chock Dale (in house) Sehadulod Chack

Powar senssi HP B401A MY41092317 18 lﬂ'l:l 02 (In houso chnl:k DGI 1 I} In houao chock: Oct-13

AF gonoralor RAS SMT-08 100005 04-Aug-9p (in house chack Oct-11) In house oheak: Got-13

Metwork Analyzer HP O763E USA7300508 54208 18:0et:01 (In house chnck Oal-11) in houso check: Oct-12
Hamo Function Slgnaturi

Calibratod by Iaran Ei-Naoug Laboratory Tachnician | ,u

Ao El-am ous
Approvad by: Kalla Pokevie Technlcal Manager o

= g «ri,? :

Issund: Fabruary 7, 2012

Tlhllull_qlslllllllfrrplinnlunrllmlnlqltuIul'rnll not bo rﬂ;grgdycﬂﬂ axcapl n [tlllll I\ﬁl{‘quUI_WJIIIM llll[lpll?'-'_ﬂll ﬂ”hl:l ',ﬂlm?#w-
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Calibration Laboratory of ﬁw:'*:l_,{;;a?

Sohwalzarlschor Knllbrlerdienst

i
Schmid & Partner j H""h”"iﬂi Sarvico sulsse d'dtalonnage
Engineering AG e Sarvizle avizzaro di taratura
Zoughausstrosse 43, 8004 Zurlch, Swilzerland s, ﬁﬁc\*ﬁ Swins Callbratlon Sorvice
il
Accraditad by the Swiss Accrodilation Service (SAS) Aceradiintion No.: SCS 108

Tho Swiss Accroditation Servieo is one of the algnatories to tho EA
Muitliateral Agreement for the recognition of anllbration certificatos

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Spacific Absorption Rate (SAR) in the Human Head from Wireless
Communications Davices: Measurement Techniques”, December 2003

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement 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.

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

* Fead Point Impedance and Return Loss: Thase parameters are measured with the dipole
positionad under the liquid filled phantom. The impedance stated is transformed from the
measuremeant at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

« Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required,

s  SAR measurad: SAR measured at the stated antenna input power.

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

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

Corliicate No: D2450V2-740_Fabi12 Page 2 of 8



Measurement Conditions

DASY ayatem conliguration, as far as not ¢lven on page 1.

DASY Verslon DABYEH VE2.8.0

Extrapolation Advanced Exlrapolation

Phantom Modular Flat Phantem

Distance Dipole Center = TSL 10 mm wilh Spacer

Zoom Sean Resolution dx, dy, d2 = & mm

Fraguency 2450 MHz + 1 MHz
Head TSL parameters

The following paramatars and caleulafions woro applisd,
Temperatura Parmittivity Conductivity

Mominal Head TSL paramaotors 22.0°C 28.2 1.80 mho/m

Measured Head TSL paramelers (22.0£0.2) °C B0 +8% 1.86 mho/m + 6 %

Head TSL temparature change during tost =0.6°C
SAR result with Head TSL

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

S5AR measurad 250 mW Input powar 133 mW /g

SAR for nominal Head TSL paramators normalized ta 1W 523 mW /g £17.0 % (k=2)

SAR nvaraged over 10 em” (10 g) of Head TSL candition

SAR moastrad 250 mW Input powar 6.15mW /g

SAR for nominal Head TSL paramators normallzed to TW 24.4 mW /g = 16.5 % (k=2)
Body TSL parameters

Tha following parametars and caleulations wera applled.
Temperature Parmittivity Conductivity

Nominal Body TSL parameters 22.0°C 527 1.85 mha/m

Measurad Body TSL parametars (220 :0.2)°C 523+16% 202 mho/m+ 6 %

Body T5L temparature change during test =0.5°C
SAR result with Body TSL

SAR averaged over 1 em’ (1 g) of Body TSL Condition

S5AR moasurad 250 mW input powar 126mW/g

SAR for nominal Body TSL paramators normalized to 1W 49.5 mW /g = 17.0 % (k=2)

SAR averagoed over 10 cm® (10 g) of Bady TSL condition

SAR measured 2560 mW Inpul power 5BEmMW /g

SAR for nominal Body TSL paramelers

narmalizad to 1W

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

Caorlificata No; D2450V2-740_Fab12
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Appendix

Antenna Parameters with Head TSL

Impodanc, transtormaed ta feed point B220Q+28)0
Heturn Loss - 28.0 dB

Antenna Parameters with Body TSL

Impedance, transformad to lead palnt 49.5 (3 + 4.3 |
Return Loss - 27.24dB

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.160 ne

After long term use with 100W radialed power, only a slight warming of the dipole near the feadpoint can be maasurad,

The dipolo s made of standard semirigid coaxial cable. The conter conductor of the Teeding line |s direclly connected io the
second arm of the dipole. The antanna la tharefore shor-clrcuitad for DC-slgnala. On some of the dipoles, small and caps
are addad to the dipole arms In order to improva matching whaen loadoed according to the position as axplained in the
"Measurament Condilions” paragraph. The SAR dala are not alfactad by this change, Tho averall dipola length is st
agcording to the Standard.

Mo excessive foree musl be appliad 1o the dipole arms, bocause they might bend or the soldered connaclions naar tha
faadpolnt may be damaged.

Additional EUT Data

Manulactured by SPEAG
Manulacturad on Soplamber 18, 2003

Calilicato No: D2460V2-740_Fab12 Pagod ol &



DASYS Validation Report for Head TSL

Date: 07.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 < SN: 740

Communication System: CW; Frequency: 2450 MHz
Medium parameters used: { = 2450 MHz; o = |.86 mho/m; g, = 38.9; p = 1000 kgth

Phantom section: Flal Section
Measurement Standard: DASYS (IEEE/JIEC/ANS] C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.45, 4,45, 4.45), Calibrated: 30,12.201 |
+  Sensor-Suirface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 04.07,201 1
¢  Phantom: Flat Phantom 5.0 (front); Type: QDUDOPS0AA; Serial: 1001

= DASYS52 52.8.0(692); SEMCAD X 14.6.4(4989)

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

Reference Value = 99,703 V/im; Power Drift = 0,06 dB
Peak SAR (extrapolated) = 27.7820

SAR(I g) = 133 mW/g; SAR(10 g) = 6,15 mW/g
Maximum value of SAR (measured) = 17.052 mW/g

00
14,40

<18.70

<. i 8
I e

0dB = 17.050mW/g = 24.63 dB mW/g

24.00
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 07.02.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 740

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: [ = 2450 MHz; o = 2,02 mho/m; g, = 52.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.201 |
« Sensor-Surface: 3mm (Mechanical Surlface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
s Phantom; Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

s DASYS2 52.8.0(692); SEMCAD X 14.6.4(4989)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 94.000 V/im; Power Drift = -0.0091 dB
Peak SAR (extrapolated) = 25,9080

SAR(I g) = 12.6 mW/g; SAR(10 g) = 5.85 mW/g
Maximum value of SAR (measured) = 16,621 mW/g

AL60
a4l

-11.20

-24,00

0dB = 16.620mW/g = 2441 dB mW/g
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Impedance Measurement Plot for Body TSL
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