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cient  Motorola MDb Gorlificate No: EX3-3728_May11

|CALIBRATION CERTIFICATE |

Objoct EX3DV4 - SN:3728

Callbralion procedura(s) QA CAL-01.v7, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v3
Calibration procedure for dosimetric E-fiald probes

Gallbraiion date: ‘May 20, 2011

This callbralion ceriificaln decumants tho racoabllity to notional stondards, which raalize (he physical unlta of measuromanta (51},
Tha maasuramants and the uncaraintias wilh confidance probabllity ana given on the loliowing pagos and are part of tha cortificato.

All callbrations hinva basn conduntad in the closad Inboratory (acillity: environmant lamparatura (22 ¢ 3)°C and humldity < 70%.

Calibration Equipmaent uad (M&TE critical for calibration)

T S S —

Primary Standards [[&] Cail Dato (Corificals Na.) Schaduilod Callbration
Powir mater E44108 GHA1203674 A-Mor-11 (Mo, 217-01372) | Apr-12
Powor saneor E44124 Myd 1408087 31-Mar-11 (Na. 217-01372) Apr-12
Raforence 3 dB Allenuator Sh: 55054 (3c) 28-Mur-11 (Mo, 217-01369) | Apei2 =
Raoforance 20 dB Allanualor SN: 55088 (20b) 29-Mor-11 (Mo, 217-01367) Apr-12
Rafarence 30 dD Altenualar | SK: 56120 (30b) 20-Mar-11 (No. 217-01370) Apr12
Raoforance Probe ES30DV2 SM: 3013 28-Duc-10 {Mo. E53-3013 Duci0) Dac-11
DAE4 SHN: 664 3-May-11 {Ho. DAE4-654 May11) fny-12
| Secandary Slandarda j e Chack Data (Iin housa) Schodulad Chack
RF generatar HP 8648C US3642U01700 4-Aug-81 (in house chack Ocl-08) | In house chock: Oct-11
Nalwork Anolyzor HP 87538 US3raanaes 18:-0al-01 {in houso chack Oa1-10) In house chack: Ocl-11
o Mama Function Signalure
Calibratad by: Knlln Pakovio Tachnlcal Managar .

Appravad by Migls Kuster Quality Manogor

Insuad: May 20, 2011

ﬂ\la calibration corlificate ahall nol ba I’ﬁﬂl‘ﬂﬂm&ﬂ axcopt in full withaul willan npprmml af tho laboratary, L
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Calibration Laboratory of 1.@\‘:@";%}
=g

Sohwalzoerischor Kallbriordianst

Schmid & Partner — Sorvico silase d'dtaloninage
Engineering AG - Sarvizlo svizzaro dl laralura
Zoughauseirasso 43, 8004 Zurich, Swilzerland ?ﬂ'ﬁw} Swian Callbration Sarvice
hfl e
Accradiied by iho Swiss Aceradilalion Sorviea (SAS) Accroditalien Ho.: SCS5 108

The Swiss Accoraditation Sorvica s ono of the signatories to tho EA
Multllataral Agrasimant for {he recognition of collbratlon cortificates

Glossary:

TSL lissue simulating liquid

NORMz,y,z sansitivity In frea space

ConvF sensitivity In TSL / NORMzx,y,2

pCcP diode compression polnt

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

ABC madulation depandont linearization paramelers

Polarization ¢ i rotation around probe axis

Polarization & & rotation around an axls thal Iz In the plane normal to probe axis (at maasurement caenter),

l.e., 8 =0 Is normal to probe axls

Calibration is Performed According to the Following Standards:

a)

b)

IEEE Std 1528-2003, "IEEE Racommendad Fraclice for Daetarmining the Peak Spatial-Averaged Spacific
Absorplion Rale (SAR) In the Human Head from Wiraless Communications Davices: Measuramant
Techniques®, December 2003

IEC 62209-1, "Procedura to measure he Specilic Absorplion Rale (SAR) for hand-hald devices used in close
proximity to the ear (Trequaency range of 300 MHz to 3 GHz)", February 2005

Methads Applied and Interpretation of Parameters:

NORMzx, .2 Assassed for E-lleld polarization 8 = 0 {f = 900 MHz in TEM-call; 1 = 1800 MHz: R22 wgvuguldn:-.
NORMzx,y,z are only intermadiate values, Le., the uncertainfies of NORMx v,z doas nal alfect the E -field
uncariainly inside TSL (see balow ConvF).

NORM(Dx,y.z = NORMzx,y.z * frequency_rasponse (see Frequancy Response Chart). This linearization Is
implemented In DASY 4 soflware versions later than 4,2, The uncertainty of the frequancy response Is Includad
in the slated uncarainly of ConvF,

DCPy,y, z: DCP are numarical linearization paramaelars assossed based on the data of power swaep wilh CW
signal (no uncartainly required). DCP dooes not depend on frequency nor maedia,

PAR: PAR |s tha Peak lo Average Ratlo thal is not calibrated bul determined based on tha signal
characleristica

Ax.y.2; Bxy, 2 Cx v,z ara numerical linearization parameters in dB assessad basad on the dala of power
aweep for speciiic modulalion signal. The parameters do nol depend on fraquency nor madia,

ViR: VIR Is the valldity range of the callbration related to the average diode voltage or DAE voltage In mV.

ConvF and Boundary Effect Paramotars: Assessed in flal phantom using E-lield (or Temperature Transfor
Standard for { < 800 MHz) and inside waveguide using analylical field distributions based on power
maasurements for { = 800 MHz, The same selups are used far assessment of the parameters applied for
boundary campansation (alpha, depth) of which typical uncertainty valuas are given, Thase paramalars ara
used in DASY4 soflware lo Improve proba accuracy cloge to the boundary, Tha sensitivity in TSL corraspands
1o NORMz,y,z * ConvF whareby the uncertalnly corresponds to that given for ConvF. A fraquency dependent
ConvF |s usaed In DASY varsion 4.4 and highar which allows extending tha validity from £ 50 MHz to £ 100
MHz.

Spharical isofropy (3D daviation from isolropy): in a field of low gradiants realized using a Mlal phantom
axposed by a palch antanna.

Sensor Olfsel: The sensor offsel carresponds to the offsel of virtual measurement canlar from the proba tip
{an probe axis), Mo lolerance required,

Caortificate No: EX3-3728_May11 Page 2 of 11



EX3DV4 - 5N:3728 May 20, 2011

Probe EX3DV4

SN:3728

Manufactured:  October 19, 2009
Calibrated: May 20, 2011

Calibrated for DASY/EASY Systems

{MNaote: non-compalible with DASY 2 system!)
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EXIDV4- SN:3728

May 20, 2011

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

Basic Calibration Parameters

o o b Sensor X Sonsor Y SHonsor £ Une (k=2) |
Norm (uvivimt | 048 045 051 £10.1%
DCP {mV) 99.5 100.3 100.3
Modulation Calibration Parameters , S
[ UIb Communication Systom Name PAR A B c VR Une"
dB dB dB my (k=2)
10000 CW 0.00 0.00 0.00 1.00 1108 | #18%
0.00 0.00 1.00 113.4
0.00 0,00 1.00 116.0

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

probability of approximately 95%.

* Tha uncerlaintios of Mormi, ¥ Z do not affect the E*-fiaid uncertainly inaslde TSL (see Pages 5 and &).
" jumarical linearization paramater: uncorlninty not required.

" Uncartainty Is determinad using the mox, devialion from linear response applying rectangular distrbullon and Is expressed for the square of the

lald vnlua,

Cartificate No: EX3-3720_May11
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EX30V4- SN:3728 May 20, 2011

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

Calibration Parameter Determined in Head Tissue Simulating Media

Raolative Conductivily Daopth Unet,

f (MHz)¢ | Parmittivity " (8/m)" | ConvFX | ConvFY | ConvFZ | Alpha {mm}) (k=2)
5200 36.0 | 466 4.64 4.64 4.64 0.42 1.80 +13.1% |
5300 35.9 4.76 4.34 4,34 4.34 042 | 180 | +£131%
56800 36.5 5.07 4.01 401 | 401 | 0.50 180 | #131%
5800 35.3 827 4.13 413 | 413 0.45 1.80 +13.1 %

 Eraguency vaildily of £ 100 Mi4z only applies for DASY vd.4 and higher (soo Page 2), eise it is resiricled to £ 50 MHz, The unceriainty is the RSE
of tha ConvF uncaralnty at calibration fraquanay and tha uncarainly far ho Indicatad frequenay band,

" Al frequencias below 3 GHz, the validity of tissue paramplers (z and o} can bo ralaxed ta & 10% i liquid compaensation formula is applied to
maaaured SAR valuas, Al frequancies abave 3 GHz2, the validily of lissue paramatara (v ond o ia restrelad to £ 5%, Tha uncaeiainly is the RES of
the ConvlF uncartainly for Indicatod targol llasua paramalars,

Carlificate No: EX3-3728_May11 Page 5 of 11




EX3DV4-SN:3728 May 20, 2011

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity Dopth Unet.
f(MHz)® | Pormittivity " {8/m)* ConvFX | CanvFY | ConvFZ | Alpha | (mm) (kn2)
5200 48.0 5,30 418 4.18 4.16 0.50 1.490 £13.1%
5300 | 489 5.42 391 | 391 391 | 062 | 190 | £131%
5600 485 5.77 341 3.41 341 | 055 | 190 | £131%
5800 48.2 6,00 376 | 376 | 376 | 055 | 190 | £13.1% |

 Froquency valldity of £ 100 MHz enly applios for DASY vd 4 and higher (ses Page 2), elao i Is resiricled to £ 50 MHz. The uncerfainly |s the RS5
of the Conyl! uncarlainly sl calibralion fraquoney and ihe uncariainty for (he indicated frequancy band,

" ar fraquancies balow 3 GHz, ho validity of tisaua paramatara (v nnd a) con be relaxed to + 10% I liquid compansation formula is npplied to
mansured SAR valuss, Al Iregquencies nbove 3 GHz, the validily of tssus paramatars (s and o) is roalrictad 1o £ 8%, The uncertainly s Ihe RS3 of
thno ConvF uncartainty for indicatad large! tissus paramalars

Corificala No: EX3-3728 May11 Page & of 11



EXADV4- SN:37248 May 20, 2011

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)

Cartificata No; EX3-3720_May11 Page 7 of 11



EX30Vd— SN:3728 May 20, 2011
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial lsotropy Assessment: £ 0.5% (kw2)

Cortificata Mo EX3-3728_May11
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EX3DVd- SN:3728 May 20, 2011

Dynamic Range f(SARza4)
(TEM cell , f = 900 MHz)
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Uncertainty of Linoarity Assessmaont: £ 0.6% (k=2)
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EX3DV4- 5M:3728

May 20, 2011

Conversion Factor Assessment
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Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cerificata No: EX3-3720_May11
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EX3DV4- SN:37248

May 20, 2011

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

Other Probe Parameters

| Sensor Arrangement Triangular
" Connector Angle (°) Not applicable
| Machanical Surface Detection Mode enabled
Optical Surface Detection Mode disablad
Probe Overall Length 33¥ mm
Proba Body Diamater ~ 10mm |
_ﬁ;_: Langth g mm
“Tip Diameter 2.5 mm
Probe Tip lo Sensor X Calibration Point “1mm
Probe Tip to Sensor Y Calibration Point o 1 mm
Probe Tip to Sensor Z Callbration Point 1 mm
Recommended Measurement Dislance from Surface 2 mm

Corlificate Mo: EX3.3728_ May11
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Calibration Laboratory of S,

S § Schwalzarischer Kalibriordionst
Schmid & Partner ; =t ¢ Sorvice suisse d'étalonnage
Engineering AG — Servizlo avizzero di taratiira
Zaughnusstrasso 43, BO04 Zurlch, Switzarland ﬂ;ﬁ@ 8 Swiss Callbralion Servioe

Accrediled by the Swiss Accraditalion Service (SAS) Accraditation No.: SCS 108
The Swiss Accradliallon Service Is ane of tho signatarios o the EA

Multilntaral Agrasmant for the raeognilion of ealibration cartiflontos

Gliont ‘ Motorola MDb Gortlfioate No: ES3-3184_Mar11
ICALIBRATIQN CERTIFICATE |
Object ES3DV3 - SN:3184

QA CAL-01.v7, QA CAL-23.v4, QA CAL-25.v3
Callbration procedure for dosimetric E<field probes

Calibralion procodure(s)

Callbration date;

March 11, 2011

This calibralion cartificata documanta Iha racaability 1o national slandards, which raalize Ihe physical units of maasuramants (51
The measuraments and the uncertainlies with conflidenca prababllily ara given an the fallewing pagoes and are pan of the cerlificals,

All ealibrations havo boan conduciad in the cledod labaratory facilly: envirenmant lamparalura (22 1 3)°C and humidity = 70%.,

Callbration Equipment used (METE critical for calibralian)

Primary Standards iz Cal Cate {Cerificale No.) Edlndulld_lc_'-_ll;llpmllnn =
Power mater E44198 GB41203874 01-Apr-10 (No. 217-01136) | Apr11
Power sansor E4412A My 41486277 01-Apr-10 (No. 217-01136) Apr-11
l-“mwr sonsar E44124 M4 1488087 _01-Apr-10 (Mo, 217-01136) Apr-11
Rufnrunl:-l 3 dB Attanuatar SN: SA064 (do) 40-Mar-10 {No. 21'!101 164) Mar-11
Hllflllllllnt-ﬂ 20 dB Attanuator SN 58006 (20b) :!M!_h H'.l {No. 21 1. 01161} Mar-11 SR
Raference 30 di Attlanuatar SN 55126 {30b) | 30-Mar-10 (Mo, 217-01100) tdar-11
Raferonca Probs E530V2 | Sh: 3013 20-Dac-10 (No. E53-3013 Deci) | Dac-ii
- DAEA SN: 654 23- ADHO ) (No. DAEA.0 I‘.’IM 4_April) | Apr-11
Sacondary Standards (&} Chack Date {in house) Scheduled Chock
|_RF genarator HP B648C usaG42u01700 | A-Aug-88 (in hauie Ghuch Q- Db) In hause check: Oct-11
Malweork Annly:nr HP 875300 US3TI008608 1& et-01 (in hw“ r#lur.h Oet-10) In house check! Oct-11
Mamp Funietion Signalure
Calibrated by: Juton Kastratl Laboratory Technician

Appravad by

Katla Pokovie

Cortificato No; ES3-3184_ Mar11

Tachnical Managar

| This oaliretion:cerificats shall not be reproduced soapt In full withoul wilien spproval of ihe Iaboralary,

Insued: March 16, 2019
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Calibration Laboratory of S,

Schmid & Partner ﬁﬂT@x
Enginaaring AG £
Zoughnusstrasss 43, 0004 Zurlah, Swilzerland “\ 3

§ Schwalzarischer Kalibrierdianst

c Sorvioe sulsso d'dtalonnage
Sorvizio avizzors di taralura

5 Swiss Calibralion Sorvioe

Accrodilod by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 108
The Swiss Acoraditation Sorvios |s ono of tha slgnatorias to the EA
Miiltilataral Agroamant fer the resagnition of calibration certificalos

Glossary:

TSL lissue simulating liquid

NORMx, v,z sanallivily in frae space

ConvF sensilivity In TSL / NORMx,y,z

DCP dinde compreasion point

CF crasl factar (1/duly_cycla) of the RF signal

ABC maodulation dependent linearizalion paramealars

Polarizatlon i rotalion around probe axis

Polarization & & rotation around an axis that is in 1he plana normal lo probe axis {at measuramant centar),

La., 8 =0is normal lo probo axis

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2003, "|IEEE Recommended Practice for Determining the Peak Spatial-Avaraged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communicalions Devices: Measurament
Tachniques”, Decamber 2003

b} [IEC 62208-1, "Frocedure lo measura the Spacilic Absorption Rate (SAR) for hand-held devices used In close
proximily 1o the ear {frequancy range of 300 MHz 1o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
«  NORMxy 2: Assessed lor E-fleld pelarizalion 8 = 0 (I < 900 MHz In TEM-cell; { = 1800 MHz: R22 wauaguida}.
NORMx,y,z are only intermediate values, 1.e., the uncertaintias of NORMz,y,z doas nol affact tha E*-flald

uncertainly inside TSL (sea balow ConvF),

s NORM(Nx y.z = NORMx y,z * frequency_rasponse (see Froquency Rosponso Chart), This linearizalion is
implemented in DASY4 software varsions later than 4.2, The uncerlainty of the Trequency rosponsa is included
in tha stated uncertainty of ConvF,

e PCPxyz: DCP ara numarlcal linearization paramelers assessed basad on the data of power sweap with CW
algnal {no uncertainty required). DCP doas not depend on frequency nor madia.

= PAR: PAR is lhe Peak lo Averago Ralio that is nol calibratled bul delermined based on (he signal
charactaristics

e Ax,yz Bxyz Cxyzare numerical linaarizatllon parameters in dB assessad basad on the data of powar
sweep for specifiic modulation signal. The paramatars do not depand on fraquancy ner media,

« VR VR is the validity range of the calibration related to the average diode veltage or DAE vollage in mV.

s ConvF and Boundary Effect Parameters: Assossad in flat phantom using E-field (or Temparature Transfer
Slandard for T = BOO MHz) and inside waveguide using analylical field distribulions basad on power
maasurements for 1= 800 MHz, The same selups are used for assessment of the paramelers appliad for
boundary compansalion (alpha, depth) of which lypical uncertainty values are given, These paramators are
usad in DASY4 softwarae to Improve probe accuracy clesa to the boundary, Tha sansitivity in TSL corresponds
lo NORMx,y,z * ConvF wharaby the uncertainly corresponds to that given for ConvF, A frequency dependent
ConvF Ia used In DASY version 4.4 and higher which allows extending the valldily from + 50 MHz to + 100
MHz.

= Sphedcal isolrapy (3D daviation from isotropy). In a fleld of low gradients realized using a flat phantom
axposad by a palch antanna,

= Sansor Offsel: The sensor offset corresponds (o the offsal of vitual measurament center from tha probe tip
{on probe axis), No lolerance required,

Cartificate No: ES3-3184_Mar11 Pago 2 of 11




ES3DV3I = SN;3184 March 11, 2011

Probe ES3DV3

SN:3184

Manufactured:  August 19, 2008
Calibrated: March 11, 2011

Calibrated for DASY/EASY Systems

{Nala: non-compatible with DASY2 systam!)
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ES3IDV3- SN 3184 Mareh 11, 2011

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3184

Basic Calibration Parameters

Sonsor X Sonsor Y Sensor Z Une (k=2)
Nomm (uvvim)y"  f 127 1.40 1.27 _£10.1%
DCP (mV) 96.8 88.9 99.5_

Modulation Calibration Parameters

uip Communicatien System Name PAR A B G VR Une"
. dB dB dB mvy (k=2)
10000 | CW =1 000 | X | o000 0.00 100 | 1108 | £30%
| |¥|ooo | o000 | 100 | 1172
— Z | 000 0.00 1.00 107.9 |

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

* The unceriainlies of NarmX,¥,Z do nol alfect the E*-flald uncartainty inslde TSL (see Pages 5 and 8),
" humarical linearization parameter: uncertainly not required.

¥ Uncertninly is determined using the max, deviation from linear response applying rectangular distribulion and is exprossed for ihe sguare of ihe
flald valus,

Corlificate No: ES3-3184_Mar11 Paga 4 of 11




ES3DV3- SN:3184 Mareh 11, 2011

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3184

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) Fn}:‘l:II:t'lI:l?v s ‘:D?glllﬁ"yw ConvF X | ConvFY | ConvFZ | Alpha ?:1?111? , U;HTE'II
836 41.5 . 0.90 6.11 6.11 6.11 1.00 1.04 +12.0%
1810 40.0 1.40 5.11 5.11 511 0.93 1.08 +120%
| 1950 40,0 1.40 4.93 493 | 493 0.96 1.07 +120% |
2450 38,2 1.80 4.48 448 | 448 | 073 128 [ +120%

b Fraguancy validity of £ 100 MHz only applies far DASY v4.4 and highor (see Page 2], alia it s resificlad 1o & 50 MHz, The uncarainly is Ihe RS5
ol the CanvlF uncantainty at callbration lrequency and the uncantainly for the indicalad froquancy band,

Al frequencias balow 3 GHz, (he validity of lissue paramelers (¢ and o) can be relaxed (o + 10% if liguid compensation formula is applied to
measured SAR valuos. Al frequoancios abova 3 GHz, tho validity of listue paramelers (s and o) is rastricled to £ 5%, The uncanainty ia thae RES of
the CanvF uncartainty for Indicalsd target tissua porametars.

Cortificala No: ES3-3184_Mar11 Paga 6 af 11



ES3DVi= SN:3184 Mareh 11, 2011

DASY/EASY - Parameters of Probe: ES3DV3- SN:3184

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz)° P-'::*lli:llll:rly : co?g::]“’vm ConvF X | ConvFY | ConvFZ | Alpha ?:1':1:? Ii‘:gr:_{g]_,
838 | 882 0.97 6.10 6.10 610 | 1.00 | 100 | £120%
1810 53.3 182 4.90 4.90 490 | 087 | 128 | £120%

1950 | 533 1,52 4.86 4.86 AB6 | 073 | 138 | £120%

2450 52.7 195 433 | 433 | 433 | 100 | 103 | £120%

€ Fraqueney valldily of £ 100 Mz only applies for DASY vd 4 and higher {sea Page 2), alsa it s ralrclod 1o + 50 MHz. The uncaitalnly ls the RSS
of the Convl® uncarainty st calibration frequancy and the uncertainly for the indicalod fraquaney Band

' fraquaneies balow 3 GHz, the validily of tissua parametars (¢ and o) can be relaxed to £ 10% if liquid compansation farmula is applied to
moasurad SAR values. At fraquencles nhove 3 GHz, tha validily af tissue parameters (v and o) is restricted to & 5%, Tha uncariainly is the RSS of
tha ConwF uncartalnty for indlcated targst tssus parametars

Cerlificals No: ES3-3184_Mar11 Paga 6 of 11



ES3DV3- 5M:3184 Marech 11, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Wavaguide: R22)
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Uncartainty of Frequency Response of E-fleld:  6.3% (k=2)
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ES3DVI= 5N:3184 March 11, 2011

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uneertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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ES30V3- SN:3184 March 11, 2011

Dynamic Range f(SARa4)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (ku2)

Carlificata Ne: ES3-3184_Mar11 Page 8 of 11




ES3DVA- 8N;3184 March 11, 2011

Conversion Factor Assessment

I# 1950 MHz, WGLS R22 (H_convF) f = 835 MHz, WGLS R (H_convF)
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m'-'elilwl “L:Ju m‘:ﬁjjm nn:.-!m
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

<10 .08 08 04 02 00 02 04 08 08 10
Uncertalnty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ES3DV3- 5N:3184

Mareh 11, 2011

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3184

Other Probe Parameters
Sensor Arrangemant

[ Connector Angla (")

Trlanguiar

Mot applicabla

Cerlificate No: ES3-3184_Mar11

Machanical Surface Dalaction Mada snabled
| Optical Surface Dataction Moda disabled
Prabe Ovorall Length 337 mm
Probe Body Diametor 10 mm
“Tip Langth 10 mm
Tip Diameter 4 mm
‘Probe Tip lo Sensor X Calibration Point 2 mm
| Proba Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor Z Calibration Point 2 mm
| Racommanded Measurement Distance from Surface 3mm
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Cailibrration Labaoratory of

Schmid & Partner
Engineering AG

Schwelzerischar Kallbriardianst
Service aul3ze d'dlalonnapo
Servizle svizzere di laralura

Zoughatssirasae 43, 8004 Zureh, Switzacland 5 Swiss Collpratlon Sorvice

Aecredited by e Swiss Accregitation Sendoa (SAS) Accreditation No.: SC8 108

Tha Bwlas Accroditation Sorvica fs one of Lhe sigratorbes 1o tho EA
Multilaleral Agreaement for the recoynilon of callbratlon certllfcatss

Moterola MDb
CALIBRATION CERTIFICATE

Corlificate No: ES3-3115 Jan11

Cllonl

—

Chject ES3IDVI -8M:3118

QA CAL-D1 w7, QA CAL-23.v4 and QA CAL-25.v3
. Calivralion procedure for dosimelric £-field probes

Cabbratlan procedure(s)

alidralion dale:

SJanuary 12, 2011

This calbratign cadiicate docurmants the raceabilily o nalional atanderds, which realize (ke physical units of meazuremen!s {51}
The measuremenis And The yncafaintiea wilh confiderca prababilily ara giver on the Rl ecing pages and are paqt of 1he cariicato.

Al cahbralians hawve been conductad in Llhe clazad |abaradory Fcilily: envirenm=ent tamparanare (27 £ 3]°S and huemid ity < %,

Cahbretion Equipmenl iaed {METE calical fgr calibratinng

Primary Standards R | -F Carl Date {Ceatificate Mo} Scheduled Calibration
Powor inatar E44198 GB41203674 1-Apr-10 (N, 21 F-01138) Apr-11
Powser sensor E441248 MY4 1485277 Tohpr- 0 (o 217-61135) Aprd
Powear sensor E44124 MY¥41438047 1-Apr-10 (g, 2170 Jey Apr-11
Referenca 3 dB Allenualer SM: 55054 (30) 30-mar- 10 (Mo, 217-01 §54) Mar-11
Reforonca 20 dB Allanuatar SM: 35086 (200) 30-mar- 10 (Mo, 217-01 161 Mar-11
Raference 30 AR Attonuplar SM 59139 Q0w A0-Mor-10 (Mo 217-01 [G0) Mar-11
Reference Prohe ESI0OVE SN I3 29-Dac-10 (ko ES2-3013 _DaciGh Dac-11
DAE4 SN 66 20-Apr-10 {Mo. DAE4-BE0_Apr 1Y Apr-11
_E_Ewndary Srandarcs . 0w Cfleu:'.k Dale {in howsa) N _ Stheduled Chadk ]
RF renorator 1P A8480 UE3B42001 00 4.A03-99 40 housa check Oct-09% In hauge chedk: O
metword Analyzar HIP 3753E US3 180535 18-Cet-01 {n howse check Oct-10y In house check: el |
Wame Funclign Signafurg
GCalibraled by: Jaton Haslreli Laburatq:]r Technls } o
Approved by: _katja Pokowic Technlcal Manager

Isgwed: January 13, 2011

Vhis ealibwalion certificale siallnat b reproducad axcepd in full wltioul smillen appioval of e Bbaratary.
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Calibration Laboratory of S,

g Soranhy 5 Schwralzanis oy Kallbrerd lenst
Schmid & Partner i‘:[‘ﬁ-—;—r"' F C Sarvice sufese détalonnage
Engineering AG b ,;%——'ﬁ—-i% Burvizlo syizzaro o Laratura
Zoughauasliakse 43, 8004 Zurich, Swilzérlan: ﬁf;’:‘}ﬁb‘w} 5 Swisa Calibralion Service
Aceradiled by tha 3w ss Accreditalion Serviee (SAS) Accrecitation Mo ST5 108
Tha Swlas Accraditation Servlce [ one of tho slgeabories to the EA
Mulillataral Agroament for Lha pecognltlo naf calkbrallon canillc otns
Glassary:
T3L lissuo sinubsting ligula
MNORM:y 2 sensllivily in free space
convE sensilivity in TSL F NORMax w2
DCP diade comprassion ponl
CF crest factor {(1/duty_oycle) of tha RF signal
ABC modulation dependent linearization parameaters
Polasization g profation around probe axis
Polarization & 3 rotatien amound an axis {hat is in the plane normal o probe axis (at measuremnent centar),

i, 3 =10isrormal to probe axis

Calikration is Performed According to the Following Standards:
a} IEEE 5id 1528-2003, "IEEE Recommended Praciice lor Dretermining the Peak Spatial-Averaged Specilic

b)

Absarption Rate (SAR) in the Human Head {rem Wiretess Communications Devices: Measurement
Technlguas”, December 2003

IEC 62208-1, "Procedurs lo megsure the Specific Absomplion Rale {3aR} for hand-held devices used in closo
proximily to tive car (frequency range of 300 MMz 1o 3 GHE)', February 2005

Methods Applied and Interpratation of Parameters:

MORMs v,z Assessed for E-field polanzation & = 0 {f = 900 MHz in TEM-cell, F= 1800 MHz: R22 waveguide).
HORMx v .z are only intermediate values, ie., Ihe uncetainties of MORMxy,7 does not effect the B field
uncertainly inside TSL (soe belaw Conef).

MNORMR y.r = NORMx v.2 * frequiancy responsa [see Frequency Response Chart}. This linearization is
imptemenled In ASY 4 softwars versions later than 4.2, The uncartainty of the fraquaney meponsge i included

in the stated uncarlainly of Comer,

DCPx vz: DCP are numertcal linearization parameters assessed based on (e data of power sweep with Gy
signal {no uncertainly required). DCF does nat depend on frequency nor media.

A,z Brwz Cepr, VRx w2 A B, Care numerical linearizalion parameters assessed hased on the data of
power sweep for spacific madulation signal. The paramoters do not depend on equency nar modia, VR is the
rmaxinum calibration range expressed in BMS valtage across lhe diode,

ComvF and Boundary Efec! Paramealars: Assossed in flat phanlom using E-field (or Temperaluro Transfer
Slandard for F= AN00 MHe) and inside waveguide vsing analytical field distributions based on power
measurements for f > 400 MHz. Tha same setups are wsed for assezsment of 1he paramelers appliad lor
boundary compensalion {alpha, depth) of which typical uncerlainty vaiires are given. Thosa parameters are
used in DASYS software 1o improve probe accuracy clase 1o lhe boundary. The sensitivity in TSL corresponds
1o NORMz, y,z " Conwf wharthy the uncarlainly caesponds to thal gvan for ConvF, A frequency dependent
CanvE is used in DASY version 4.4 and higher which allows exlending the validity from £ 50 MHz lo £ 100
MMz,

Spflarical sotropy (30 devighion frodn isatrapy]. n a Geld of low gradients realized using a flal phanlom
exposed by & patch antenna,

Sonsor Offsef: The sensor offeel corresponds to the offsal of virtual measurement center from The probe tip
{on probe axis). Mo lolerance required.

Cenificate Mo ESE-3115_Jdan 1 Para Z of 11



ESIDV3 SN:3115

Probe ES3DV3

SN:3115

Manufactured; March 8, 2006
Last calibrated: January 19, 2010
Recalibrated: January 12, 2011

Calibrated for DASY/EASY Systems

{Mate: nen-campabible with CASY2 syaipml

Carificale Mo £53.3115_lan11 Faga 3 of 11
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E320V3 SN:3115 January 12, 2011

DASY/EASY - Parameters of Probe: ES3DV3 SN:3115

Basic Calibration Parameters

Senscr X | Senszor ¥ | Senzor 2 [Une (k=2}

Norm {pv/(vim)”y" 1.29 1.30 118 | +40.1%
DER (v 1602 02,3 101.3

Modulation Calibration Parameters

uip Communicatian Systam Name PAR A B < VR Unc*
B oBuy my (k=2}
10000 WA 0.0o X @.an 0.00 100 1134 | £24%
b 0Q Q.00 1.000 150.%
il .04 Q.00 1.00] 14258

The reported uncertainty of measuremenl is stated as the standard uncertainty of measuremant multiplied
by the covarags factor k=2, which for a normal disttibution carregpoends to a covarage probability of
approximately 95%.

* Thawneeds ofias of Morm, Y7 do nol atfect the E-fisld unoe:Landy inside TSI fsee Pages 5 and &),

" Muinercal ineatization parnmeler uacerta’nly net required.
" Uncenainty iz datermined vaig the maximum devioton frmom linedr reapanse appind fecalangular dlaisbulion and is exprossed for the square of he Feid valu.

Certificate No: ES3.3115 Jan11 Page 4 of 11




ES3DV3 5N:31156

DASY/EASY - Parameters of Probe: ES3DV3 SN:3115

Calibration Parametar Determined in Head Tissue Simulating Media

January 12, 2011

I {MHz] Vallgity (MHzI®  Porminlvity Conguclivity ConwF X CowF¥  CouvF Z Alpha Daptiy Une (k=2
B35 t 53+ 100 41.5 & 5% 0.90 £ 5% £.87 .67 BA7 0.54 194 £ 11.0%
1810 &0/ £ 140 400 t 5% 140+ 58 202 502 o2 043 162 ¢ 11.0%
1950 £ 5045100 40,0 & 5% 1.40 £ 5% 4.80 480 480 .82 1.36 £11.0%
2450 504+ 100 3.20% 1.80 £ 5% 439 4,38 4,39 0.04 13 £ 11.6%

£ Tho vali’hy of £ 160 Mz only applesfor DASY wid and highar (sce Paga 2y, Tho eoderiaingy |5 The RSS of o CGonvF uncortainky of calibration lequescy

And the uncerlainky for tha indicaled ragquency band.

Cerificate Mo: ES3-31135_Jan11
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ES3CV3 3N:3115

DASY/EASY - Parameters of Probe: ES3DV3 SN:3115

Calibration Parametar Determined in Body Tissue Simulating Madia

January 12, 2011

1 [MHz]) Validily [MHz)" Pormirtivily Conductvity ConyF X ConwF ¥  Convf Z Alpha Dopth Une (h=2}
B35 £ B0+ 100 66.2 + 5% 0.87 £ 5% 5.85 5.88 588 0.57 141 £13.0%
1810 T 50 £ 190 033 £ 3% 152 £35% 4.61 4.61 4.61 0.3 220 & 11.0%
1850 t 501100 53.3 £ 5% 152 £ 5% 457 4 57 4.57 0.38 219 £ 11.0%
2450 2504+ 100 B27+5% 196 £5% 412 4,12 412 099 0.75 +11.0%

* Tha vahgity of = 100 MHz only a2 s far DASY w44 and higlier fee Page 7] The uncedancly 15 the RSS of Lha ConvF uncartainty ad calbration requensy

and {ha uncarteinty for tha indicated frequancy band.

Certificate Nor E53-3115_ Janid

Papa & of 11



ES3DV3 SN.3115 January 12, 2011

Frequency Response of E-Field
[TEM-Cell:ifi110 EXX, Waveguide: R22)
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Unsertainty of Freguency Rezponse of E-flald: + §,3% (ki)
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ES3DV3 5N:3115 January 12, 2011

Receiving Pattern {4$), 3 = 0°

f =600 MHz, TEM ifHI0EXX . f=1800 MHz, WG R22

‘ —— —pf b ' - ol 1= T

I Y
e |
oGO Ml | |
i 830 H:

2K MHe

1 o E-Cl. | 130 | 1%&! - -240- <04

Lncegrtainty of Axial Isotropy Assessment: £ 0.5% (k=2}

Cartificale Mo ES3-3115_Jan11 Fage & ol 11



ESIDV3 SH:3115 January 12, 2011

Dynamic Range f{SAR, .4}

{TEM cell, f = 800 MHz)

1E4)E |

1E+05

i.E+0d
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1
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sol LR PRIEE PR A D
o.001 101 4.1 1 10
EAR [nWen]

2.0
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Uncertalnty of Linearlly Assessment: ¥ 0.6% (k=2)

Caorlificala Mo: FS3.3915 Jan1 Page 8 of 11



ES3DVI SN:3115 January 12, 2011

Conversion Factor Assessment

f=1810 MHz, WGLS R22 (head)

1= 835 MHz, WGL2 R4 (head)

! 250 -
| Z o0 |
L | o I
| g 150 : :
g .
E 100 - -
I ' g : .
I OPoloolo | 2o | M
- - - I . . .I 1 U D l | | I 1
] 10 20 an a4 o []1] fl 10 0| an 40
z2[min) Z[mn]
Ayt —— Ph0 SR TS l | —— Ay —— RRASLEN EH ‘

Deviation from Isotropy in HSL
Errar [, 8), f = 900 MHz

=T
‘:'W'Qn;-\_-,nm'hg z;

i
Emror [dB]

W-1.0G3--080 B-0.80--0.60 MW-0.60-0.50 B-04A0-0 20 B.0.20.0 00
000 20 EOA-040 D0-0-060 D0G0-0.650 MOA3-1.00

Uncertalnty of Spherical bsotropy Assessment: + 2.6% (k=2)

Ceatificals Mo ES3-3115_Janii Paga 1Dof i1



ES3I0V3 GN:3115

Other Probe Parameters

January 12, 2611

Sensor Arrangament Triangular
Conneclar Angle (*} Mot applicable
Mechanical Surface Dealection hode enabled
Optical Surface Deleclion Mods gisablad
Probe Overall Langth 337 mim
Probe Body Darnater 10 mm
Tip Lengti 10 mm
Tip Diametar 4 mm
Prohe Tip to Sensor X Calibration Point Z mm
Protie Tip bo Sensar Yy Calibralion Point 2 mm
Probe Tip 10 Senzor 2 Catibralion Painl 2 i
Recommended Measuramant istance from Surfacs 3mm

Coritiate No: ES3-3115_ Jan11 Hage 11 of 11





