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|CALIBRATIDN CERTIFICATE |
Object EX3DV4 - SN:3866
Calibralion procedure]s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25v4

Calibration procedure for dosimeltric E-field probes

Calibrition dale: June 20, 2012

This cabbation cerificale documents he treceability to national standadds. which realize ihe physicsl units of messusemenis (51)
Thi measursments and he uncenninties with confidence probabdity nre given on th following pages and oo par of 1 conificabo

Al calitations have bean conduciad in the cosed lnboratory facillty. environmaent lemparature (22 + 3)°C and humidity < T0%

Calibraton Equipmant used (MATE oifical for calibration)

Primary Standards D Cal Date (Cenificate Mo, ) Scheduled Calibration
Power mader E44 168 GH-_-!lZEBE T4 20-Mar-12 {Nn 217-015608) Apr-13

P sensor E44 124 MY 1 ATBOET E?Mm-'ll’ {No. 217-01608) Ape-13

Relsmance 3 &8 Alenuator BN 55054 (3c) 27-Maor-12 [No. 217-01531) Apr-13

Raoference 20 &8 Alonuabor SM: 55006 (20t) 27-Muor-12 (No. 217-01528) Apr-13

Rofaronce 30 dB Alenuabod SM: 5514 (30b) 27-Mor-12 (No. 217-01532) Apr-13

Refarence Probe ES30V2 SM: 3013 | ®Dec-11 (Mo ES3-3013_Decii) Dec-12

DAE4 SN 650 10-Jan-12 (Mo. DAE4-680_Jan12) Jan-13

Soecondary Standards LK} Check Date {in howsa) Scheduled Check

RF g ir HP B8 LIS 38201700 #-Aug-B (in howse check Apr-11) In house check: Apr-13
Notwark Anakcar HP BTSIE LS 3TI05G85 18-0ct-01 (in house check Oct-11) In howse check: Oc-12

Nama Funciion Signoiure “
Calibrated by Joton Kastrati Laboratory Techniclan ( L&’/<_’

Issued. June 20, 2012

Approved by Katin Pokovie Technical Manager
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Glossary:

TSL tissue simulating liquid

MORM:x,y,z sensilivity in free space

ConvF sensitivity in TSL { NORMux,y.2

DCP diode compression paint

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

A B C maodulation dependent linearization paramelers

Polarization ¢ ip rotation around probe axis

Polarization 5 3 rotation around an axis that is in the plane normal o probe axis (at measurement cenler),

i.e., #=0is normal o probe axis

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

«  NORMxy z Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MORMx, v,z are only intermeadiate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below CanvF).

o NORM{x.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart), This inearization is
implemented in DASY4 software versions later than 4.2. The uncerainty of the frequency responsa s included
in the stated uncertainty of ConvF.

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

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

e Axyz Bxyz Cxyz VRxpz A B Care numerical linearization paramelers assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media, VR is the
maximum calibration range expressed in RMS vollage across the diode,

o ComvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for { = 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters ang
used in DASY4 software to iImprove probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF wheraby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz 1o £ 100
MHz.

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

«  Sensor Offset: The sensor offset cormesponds to the offset of virual measurement center from the probe tip
{on probe axis). Mo lolerance required.
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Probe EX3DV4

SN:3866

Manufactured:  February 2, 2012
Calibrated: June 20, 2012

Calibrated for DASY/EASY Systems
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EX3ADV4- SN 3866

June 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Basic Calibration Parameters

Sensor X SensorY | §ul]_!§qr2 _Un_:_'_f_h:-i_z_]?__
Norm (uV/(Vim})* 0.41 0.48 1 039 +10.1% |
DCP (mV) 103.5 99.5 102.9
Modulation Calibration Parameters -
uiD Communication System Namae PAR A B c VR Ung"
dB dB dB8 my (k=2)
0 CW 000 | X | 000 | 0.00 100 | 1483 | 23B%
: ¥ | 000 000 | 100 | 1660 |
z| ooo 0.00 100 | 1411

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

mulliplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncertambes of NormX,Y.Z do not aflect the E'-fekd uncertsinty inside TSL (see Pages 5 and &)
" Numerical nearization parmmeter; uncertainly not required

¥ Uncertainty s determingd using the max. deviation from lnea response agplying rectangular detnibution and & expressed fod i square of tha
fisld vsloe
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EX30V4- SN 3866 June 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unct.
f(MHZ)® | Permittivity" {sm)" ConvF X | ConvFY | ConwFZ | Alpha | {mm) {k=2)
750 41.9 0.89 9.39 9.39 9.39 0.55 072 | £120%
B35 41.5 0.90 BS8 | B98 B.98 0.46 0.80 +120%
1750 40.1 __1ar 8.25 B.25 B.25 0.80 0.56 +£120%
1900 40.0 1.40 7.76 7.76 7.76 0.51 D68 | +120%
2450 39.2 1.80 6.98 B.98 5.98 041 | 080 | +120% |
| 5500 35.6 496 445 4.45 445 045 1.80 £131%

" Freguency validity of = 100 MHz only apphes for DASY w4 and highar (see Page 2, else 8 s restricted to + 50 MHz. The uncenainty 15 the RSS
of ther ConwF uncenainty at calibration frequency and the uncenainty Tor the indicated frequency band
" At frequencies below 3 GHz, the validity of tissus parameters (cand o) can be relaxed 1o £ 10% Il liquid compensation formula s appled to

muoasuned SAR values, Al nequencees above 3 GHz. the validity of lissee parameters (¢ and o) is resiricled 1o = 5% The uncetainty @ ihe RSS of
the ConwF uncertainty for indicatod tanged lissue paramelors,
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EX3DVd- SN 3866 June 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Calibration Parameter Determined in Body Tissue Simulating Media

| ouHe)® | pormittiity” | (Stm)" | Conve X | Comy | Convez | Aipha | (mm) | ()
750 |  sss | o098 910 | 910 910 | 032 | 103 | +120%
835 55.2 0.97 003 | 903 | 903 | 027 | 112 | s120% |

| 1750 | 534 1.49 7.76 7.76 776 | 027 | 104 | £120%
1900 53.3 1.52 7.34 7.34 7.34 0.42 083 | £120%
2450 h2.7 1.95 6.97 6.97 6.497 0.80 0.50 +12.0%
5200 49.0 5.30 4.21 4,21 4.21 0.50 1.90 +13.1%
5300 48.9 542 3.99 3.99 3.99 0.50 1.90 + 13.1 %_ﬂ
5500 48.6 5.65 3.86 3.86 3.86 0.50 1.90 +11 %
s600 | 485 | 577 368 | 368 | 388 | 050 | 190 | #131%
5800 48.2 .00 3.98 3.98 3.98 0.50 1.90 +131 %

® Frequency validity of + 100 MHz cnly applies for DASY 4.4 and higher (soo Page 2), else il & restricled to £ 50 MHz. The uncortainty s the RSS
ol hey CoawF uncestainty @ calibraton frequency and the uncertsinly for tha indicaled frequency band.

" Al frequencies below 3 GHz, the validity of lissus parsmobers (¢ and o) can be relmoed (o £ 10% il liquid compensation formula & applied to
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o is restricied 1o = 5% The uncerainty s the RSS ol
ihe ConvF uncedtainty for imdicated tempet lissue paremetens
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EXaDVd- SN.3866 June 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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EX3DVa- SN: 3866 Jume 20, 2012

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment; £ 0.5% (k=2)
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EX3DV4— 5N 3866

Jurne 20, 2012

Dynamic Range f(SAR}cad)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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EX3DV4- SN: 3866 June 20, 2012
Conversion Factor Assessment

f = B35 MHz WGLS R9 (H_com#) f = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (4, 8), f =900 MHz
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Uneertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DVa- SN 3866 June 20, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3866

Other Probe Parameters

Sensor Errangemant Triangular
Cannector Angle () = T 1
| Mechanical Surface Detection Mode [ enabled
“Optical Surface Delection Mode disablad |
Probe Overall Length 337 mm
| Probe Body Diameter = 0 mm

Tip Length N 8 mm |
“Tip Diameter 25mm |
| Probe Tip to Sensor X Calibration Paint Tmm |
| Probe Tip to Sensor ¥ Calibration Point 1 mm |
| Probe Tip to Sensor Z Calibration Point  1Amm |
| Recommended Measurement Distance from Surface  Zmm |
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Calibration Laboratory of e,

AN Schwaizerischer Kalibriardienst
Schmid & Partner %’é Sarvice suisse d'étalonnage
Enginaering AG z = Servizio avizzero di taratura

Zeughausstrasse 43, BI04 Zurieh, Switzeriand ’V.:'r&:‘;\\: Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Acereditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement fof the recognition of calibration certificates
cient  Digital EMC (Dymstec) Cartificats No: EX3-3643_Jan12
CALIBRATION CERTIFICATE ]

Oibject EX30V4 - SN:3643

Calibration procedure(s) QA CAL-01.v8, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23.w4,

QA CAL-25.v4

Calibration procedure for dosimetric E-field probes

Calibration date January 27, 2012

This calibration cerlificals documents the traceabiéty to national standards, which realize the physical units of measurements (S1),
The maasuremonts and the uncerainties with confidence probability ane given on the following pages and are padt of the cerificate

All calibrations have been conducted in the dosed laboratory tacility: environment temperature (22 + 3)°C and humidily < 70%.

Calibration Equipment used (MATE crilical for calibrabon)

Primary Standards 0 Cal Date (Cedificale Mo.) Schaduled Calibration i

Powar maber E44 188 GB41203674 31-Mar-11 (No. 217-01372) Apr-12

Power sensor Ed4 124 MY 41498087 31-Mar-11 (Mo, 217-01372) Apr-12

Reference 3 dB Allanualor SM: 55054 {3c) 28-Mar-11 (No. 217-01368) hpr-12

Raference 20 dB Atlanuator SM: 55086 (20b) 28-Mar-11 (No. 217-01367) Apr-12

Roference 30 dB Atenuator SM: 55129 (30b) 20-Mar-11 (Mo, 217-01370) Apr-12

Referance Probe ES30V2 SM: 3013 20-Duc-11 (Mo, EE3-3013_Dac11) Dec-12

DAES 5M: 654 3-May-11 (Mo, DAE4-654_May11) May-12

Sscondary Standards 1o Check Date (in housa) | Scheduted Chack

RF genarator HP BG4EC US3842001700 4-Aug-89 (in house check Apr-11) In house chack: Apr-13

MNetwork Analyzer HF BTS3E USA7T 3005485 18-Oct-01 {in house check 0a-11) In housa check: Oel-12
Nama Funciion Signature

Calibrated by Kaljs Pokovic Technical Manager

Approvad by Migts Kustor Quality Manager

Issued: January 27, 2012

Thits calibration cortficate shall not bo reproduced excep! in full without wiitlan approval of the labomtory.
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Report No.: DRTFCC1211-0826 FCC ID: JOY201K Date of issue: Nov.29, 2012

Calibration Laboratory of Schwaizarischar Kalibriardienst
Schmid & Partner Service sulsse d'étalonnoge
Servizio svizzers di taratura

Engineering AG

Zeughausstrassae 43, 8004 Zurich, Switzerland Swiss Calibration Service

Arcrodited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service s one of the signatories to the EA
Multitatoral Agreement for the recognition of calibration cerlificates

Glossary:

TEL tissue simulating liquid

NORMx. v,z sensitivity in free space

ConvF sansitivity in TSL f NORMx,y,z

ocpP diode compression point

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

A B C modulation dependant linearization parameters

Polarization p @ rotation around probe axis

Polarization & 4 rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is normal to probe axis

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement

Techniques”, December 2003
b) IEC 62208-1, *Procedure lo measure the Specific Absorption Rate (SAR) for hand-held devices used in close

proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

+«  NORMx,y 2 Assessed for E-field polarization % = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMAx.y,z are only intermediate values, i.e., the uncertainties of NORMsx,y,z does not affect the E*-field
uncertainty inside TSL (ses below ConvF).

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

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

+« PAR:PAR is the Peak to Average Ralio that is not cafibrated but determined based on the signal
characteristics

e  Axy.z Bxyz Cxyz VRxyz A B Care numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The paramelers do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

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

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

s Sensor Offset: The sensor offset corresponds to the offsel of virual measurement center from the probe tip
(on probe axis). Mo tolerance required.
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Calibrated: January 27, 2012

Calibrated for DASY/EASY Systems
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Report No.: DRTFCC1211-0826 FCC ID: JOY201K Date of issue: Nov.29, 2012

EX3IDV4- SN3E43 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Basic Calibration Parameters

Sensor X Sensor Y | SensorZ Unc (k=2)
Morm (uVi(VimY) 0.40 0.42 0.45 £10.1% |
DCP (mv]" 959 96.7 937

Modulation Calibration Parameters

(1]]4] Communication System Name PAR A B C VR Une™
dB dB dB mv (k=2)
10000 ] D00 | X | 000 0.00 100 | 957 | #19%
Y | 0,00 ood | 100 | 1029
Z | o000 0.00 100 | 1064

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

* The uncortainties of NormX_Y,Z do nod affect the E*-fiald uncerainty inside TSL (see Pages 5 and ).
" Murnerical knearzalion parameter: uncartainty not reguined

£ Uncertainty ks determined using the max. daviation from linear response applying rectangular distribution and is expressed for the squans of the
fiald valus
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EX30Wv4- SN:3B43 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.

f(MHz)® | Permittivity” (sim)" ConvF % | ConwFY | ConvFZ | Alpha | (mm) {k=2)
450 43.5 0.87 9.78 8.78 9.78 0.1 1.00 +13.4 %
750 41.9 0.89 9.33 8.33 9.33 0.36 0.87 +12.0 %
835 41.5 0.90 8.94 B.94 8.94 0.37 0.83 £ 120 %
1750 40.1 1.37 B.25 B.25 8.25 042 0.83 £12.0%
1900 40.0 1.40 7.97 7.97 7.97 0.50 073 | +120%
2450 39.2 1.80 712 7.12 7.12 0.41 0.80 £12.0%
5200 36.0 4.86 4.94 4.94 4.94 0.40 1.80 +13.1%
5300 359 4.76 4.69 4,69 4.69 040 1.80 £13.1 %
5600 35.5 5.07 4.11 4.11 4.1 0.50 1,80 £13.1%
5800 353 5.27 4.16 4.16 4.16 0.50 1.80 +13.1%

© Frequency validity of + 100 MHz only applies for DASY w44 and higher (see Page 2). also it is restricted to £ 50 MHz. The uncariainy is tha RSS
of the ConvF uncertainty at calibration frequency and the uncednainty for the indicated frequancy band

" Al frequencies balow 3 GHz, the validity of tissue pasameters (¢ and o) can be relaxed to £ 10% if liquid compensation formula (= appled to
measured SAR valuas, Al frequisncies above 3 GHz, the validity of tissue paramaters (x and ) is resiricted lo + 5%. The uncertainty is the RSS of
s ConvF wneerainty for indicatad fargetl tissua pasamelars
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Report No.: DRTFCC1211-0826 FCC ID: JOY201K Date of issue: Nov.29, 2012

EX3DV4- SMN:3643 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unect.

f(MHz)® | Permittivity" E ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 56.7 0.94 10.32 10.32 10.32 0.04 100 | 134 %
750 55.5 0.96 8.3 9.23 9.23 0,31 0.94 | £120%
B35 55.2 0.97 9.12 .12 9,12 0.32 096 | +£120%
1750 534 1.49 7.75 7.75 7.75 0.69 0.67 | £120%
1900 53.3 1.52 7.34 7.34 7.34 0.63 066 | £120%
2300 52.9 1.81 7.08 7.08 7.08 0.80 055 | £120%
2450 52.7 1.95 £.95 6.95 695 0.75 0.57 | +120%
2600 52.5 2.16 6.71 6.71 6.1 0.80 050 | 2120%
3500 51.3 3.31 6.17 6.17 617 0.34 122 | 2131%
5200 49.0 5.30 4.23 4.23 4.23 0.50 190 | £131%
5300 489 5.42 4.05 4.05 4,05 0.50 190 | 2131%
5600 48.5 5.77 3.61 361 361 0.60 190 | +131%
5800 48.2 .00 3.60 3.80 3.80 0,80 190 | £134%

© Eroquency validity of + 100 MMz only applies for DASY v4.4 and higher {see Page 2}, else i is restricted to + 50 MHz. The uncenainty is the RSS
of tha CamvF uncarainty at calibration frequancy and the uncertaingy for the indicated freguency band

* A1 frequencies balow 3 GHz, the validity of tissue paramatars (x and o) can be relaxed (o £ 10% i liquid compersation formada is applad 1o
moatured SAR valuss. Al frequencies above 3 GHz, the validity of tissus paramelars (¢ and o) is restriclad io + 5%, Tha uncarainty is the RSS of
thia ComyF uncerainly for indicaled tenped lissue paramabers
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= B35 MHZz. WGLS RS (H_convF) { = 1900 MHz.WGLS R22 (H_comF)
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Deviation from Isotropy in Liquid
Error ($, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Other Probe Parameters
Sensor Arrangement | Triangular
Connector Angle (") Mot applicable
Meachanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length | g mm
Tip Diameter 2.5mm
Probe Tip to Sensor X Galibration Point T ' Tmm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point , 1 mm
Recammended Measuremenl Distance from Surface 2 mm
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