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APPENDIX C CALIBRATION DOCUMENTS

SN: 1380 Probe Calibration Certificate

SN: D750V3 Dipole Calibration Certificate

SN: DV900V2 Dipole Calibration Certificate

SN: DV1800V2 Dipole Calibration Certificate

SN: DV1950V3 Dipole Calibration Certificate

SN: 442 DAE3 Data Acquisition Electronics Calibration Certificate
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Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
&7 N included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
g inspection reports.
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WWAN - FCC ID; EJE-EM7355D IC: 337J-EM7355D Report No. M141025R_FCC_EM7355_SAR_GSM-UMTS

Calibration Laboratory of A Schwsizerischer Kalibrierdienst
Schmid & Partner e Service suisse d'éalonnage

Engineering AG . Servizla svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switserland %@5 Swiss Calibration Service
Accredied by the Swiss Acorediiation Service [SAS) accreditation Mo: SCS 108

Tha Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cenlificates

Object

Calibration procadura(s)

Calbralion date:

This calitration certificale decuments the traceability o naticnal standerds, which reafze the physical units of messurements (S1).
The measiremeants ard tha uncartamties with conlidance probebliity are given on the Tolowing peges and are part of he cedificate.

A calibrations have been eonducted in the closed laboratory taciity: environmant tempesature (22 £ 3)°C and humadity < 70%,

Calioration Equipman used (METE critical for calibration]

Page 435 of 485

Primary Standards D Cal Date {Cariificube Ma.) Schedulied Calfration
Power matar E44158 GBA1283874 04-Apr-13 (Mo 217-01733) Apr-14
Power sensoe E44124 41488087 Od-Apr-13 (No. 217-01733) Apr-14
Refarance 3 dB Atienuatar Sh; 55084 (30) d-pr-13 (No, 287-01737) Apr-14
Refarence 20 dB Atteruator SN SE2TT (Bx) 04-Apr-13 {No. 297-01735) Apr-14
Rederence 30 dB Attenuatar 2p: 55128 (30b) D-Apr-13 (Mo, 29701 738) Apr-14
Relerence Probe ESA0NV2 SN 313 Z8-Dec-12 (Mo, ES53-3013_Deci2) Oec-13
DaE4 Sh: 68O 13-Dec-13 [ha, DAE4-BE)_Deci3) Cag-14
Hecondary Standards 18] Check Dt (in hausa) Schedubed Chesh
RF genarator HP BS4EC LIS 35421001700 4-Aug-aE [in house check Ape-13) In house check: Apr-15
Metwork Anatvzer HP 87T53E LIE3T3e05485 18-0ct-01 [in house cheek Osl-13) In house eheck: D14
L A
Frtion -
Calibrated by
Approved by

Isgued: Decamber 14, 2013

This calibraticn cadificate shall not be repraduced axcept in full without written appeoval of the laboratony.

Cerlificate Mo: ET3-1380_Dec13 Page 1of 11

v inspection reports.
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H

This document shall not be reproduced except in full.

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
e A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
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Calibration Laboratory of ", \t\__':,:"".w R e

Schmid & Partner £ Servioe suisss d'Halonnage
Engineering AG o Servizio svizzero di taratura

Znughgumm ?5, BO04 Zurich, Switzerland %mf Swiss Calibration Service

Tidaglala®

Aseredited by the Swies Accraditation Sendca (SAS) Accreditstion No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreemant For the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx vz sansitivity in free space

ConvF sansitivity in TSL / NORM:x,y,z

DCP dinde compression point

CF crest factor (1iduly_cycle) of tha RF signal

ABCD modulation dependant lingarization paramaters

Palarization g ip rotation around probe axis

Palarization & & rotation around an axis that is in the plane normal to probe axis (st measurement center),

i.e., 8 =0 s normal 1o probe axis
Connector Angle information used in DASY system to align probe sensor X o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) I|EEE Std 1528-2013, "IEEE Recommended Practice for Datermining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) In the Human Head from Wireless Communications Devices: Measuremeant
Techniques®, Juna 2013

b) IEC §2209-1, “Procedure to measure the Specific Absorption Rate (3AR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz fo 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
«  NORMzxy,z Assessad for E-fiekd polasization 8 = 0 (f < 000 MHz in TEM-cel;; f > 1800 MHz: R22 waveguide).
MORMz,y,z are anly intermediate values, Le., the uncertainties of NORMz, v,z does not affect the E*field
uncertainty inside TSL (see below Convi).

«  NORMfIxyz = NORMzy,z * frequency_response (see Frequency Responge Chart). This linearization iz
implemented in DASYA softwara versions later than 4.2, The uncartainty of the frequency response ig included
in the stated uncertainty of CanwF.

+  DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power swasp 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

o Anyz Buy.z Cryz Dxyz VRey.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific madulation signal. The paramaters do not depend on frequency noe
madia. VR i the maximum calibration range expressed in RMS voltage across the diode,

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperatura Transfer
Standard for f = BOD MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for ssessment of the parameters appled faor
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parametens are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity in TSL comresponds
to NORMx, v,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
CanvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

«  Spherical isofropy (30 devietion from isofregy): in a field of low gradients realized using a flat phantom
axposed by a patch antenna.

+  Sensor Offset: The sensor offset cormesponds 1o the offset of virual measurement center from the probe tip
{on probe axis). Mo tolerance required,

«  Connector Angle; The angle is assessed using the information gained by determining the NORMx (no
uncertainty requirad).

Certificate No: ET3-1380_Dec13 Page 2 of 11
Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

inspection reports.
Norraston My 4752 This document shall not be reproduced except in full.
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ET30VE — BN:1380 December 13, 2013

Probe ET3DV6

SN:1380

Manufactured:  August 16, 1999
Calibrated: December 13, 2013

Calibrated for DASY/EASY Systems
{Mote: non-compatible with DASY2 system!)

Certificate No: ET3-1380_Dec13 Page 3 of 11

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement

,zjﬁ-\.. included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
9 ry

NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

" ; inspection reports.

Aot o, 140 This document shall not be reproduced except in full.
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ET3DVE- SMN: 1360 Decamber 13, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1380

Basic Calibration Parameters

| Sensor X Sensor ¥ | Sensor Z Unc (k=3)
|‘Nnrm (uMIvIm])” | 1.68 1.60 1.71 £10.1%
| DCP [mv)" | 94.2 | 84.3 g5.1 T
Modulation Calibration Parameters B }
Ui Communication System Name A B c D VR Unc
dB dByVpV | dB my h=2) |
0 joew — %[ oo | oo | 1o | 000 | Zms | we%
¥ | oo 0.0 1.0 1913
| | z 0.0 00 | 10 246.5

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 uncerainies of NomX,¥ 7 da nof affect the E™-fald uncertainty inside TSL (see Pages 5 and 6)
® pumedcal linearizafion pararmeler: uncerainty nol required ) ;
£ Uncersinty = delemmingd using the max. deviation Bam lnear responsa applying rectanguisr disinbubion and is eaprassed for the sguans of lhe

fiezht walus.
Cerdificate Ne: ET3-1380_Dec13 Page 4 of 11
Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
/\ included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

v inspection reports.

Norraston My 4752 This document shall not be reproduced except in full.
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ET30WE- SN 1360 December 13, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1380

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth®™ | Unet.
F(MHz)® | Permittivity” {5im) " ConvF X | ConvFY | ConvEZ | Alpha® | {mm) {k=2)
300 45.4 0.87 7.77 7.77 .77 023 | 238 | +133%
450 435 0.87 7.31 7.31 | 731 D27 | 284 | +133%
750 41.8 0.89 6.65 B.65 B.65 D65 | 180 | +12.0%
900 415 0.97 5.91 5.91 591 D45 | 235 | +120%
1640 403 1.29 5.25 5.25 5.25 058 | 251 | +120%
1810 40,0 140 5.04 5.04 5.04 0BO0 | 208 | +£120%
1850 40.0 1.40 4.83 4.83 4,83 DE0 | 208 | £120%
2450 |  3e2 1.80 4.43 443 443 080 [ 173 | £120% |

© Freguancy valklity of £ 100 MHz only applies for DASY 4.4 and higher (see Page 2), slss it & restricled ta = 50 MHz. Tha uncariasinty is the RSS
of tha ComvF uncertainty 8t caiibration freguency and fhe uncerainly for the indicabed freguency band. 3

T At freguancies bolow 3 GHz. ke vakdily of tissus parametess (e and o) can be ralawed to+ 10% if liguid compensation farmaula s appled to
reaswed SAR valuss. At froquencins shove 3 GHz, tha validity of fissue parametars (¢ and o) is restricled %0 £ 5%, The uncanisinty is the RSS of
tha CormvF uncestairy for indicated 1arget issue parameiens. 5 '

% pipha/Deptn are delemined duing calibration. SPEAD warants that the reraining daviation tun o the baunsary eflact afler compansation &
always laes than + 1% for requencies below 3 GHz and balow 3 2% for requancies batwean 3.8 GHe at any distance |arpar than half the probe tip
diameter from ihe baundary,

Certificale ha: ET3-13380_Decl3 Page 5af 11

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

v inspection reports.

Aecrasumn o, 2% This document shall not be reproduced except in full.
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ETI0VE= SN:1380 December 13, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1380

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth® Unct. |

F(MHz)® | Permittivity isim) ConvEX | ConvFY | ComFZ | Alpha® | (mm) (k=2) |

450 56.7 0.54 748 7.49 7.48 022 | 235 £13.3% |
750 55.5 0.96 6.01 6.01 A.01 0.49 213 +12.0%

800 55.0 1.05 5.88 586 | 588 0.45 247 +120% |
1810 53.3 1.52 4.68 I 4 68 468 | 0.80 233 +12.0%
1850 53.3 1.82 467 467 467 0.80 2.29 +12.0 %
2450 527 195 | 4.12 4.12 4.12 0.63 1.10 +12.0 %

® Frequency walidity of £ 100 MHz anly applies for DASY 4.4 and higher (see Paga 2), alse it is restricted 1o + 51 MHz. The uncerainly is the RSS
of tha ConvF uncertainty st calibration fraquancy and tha uncarainty for the indicaled requency bend.

" Al frequencies below 3 GHz, the validity of tesue parameters (& and o) can ba retaxed 1o + 10% If Bquid compansation formule i sppiled lo
measured SAR values. Al freguencies abave 3 GHz, iha vabdity of issue parameters (s and o) & resiricled to £ 5% The uncensnty i2 the R3S of
the ConyE unceralnty for indcated 1arged tissue parameters.

T AlphaDepth ane determined diring calibrafion, SPEAG wartans that [he remaining deviation dus to the boundary effect afier compersation i
ahways less than + 1% lor frequences below 3 BHz and below + 2% for frequencies bebwaen 3-6 GHz 21 any distance larger than half the prake tip
diamater from the boundary,

Cartificale No: ET3-1380_Dec13 Fage & of 11
Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

v inspection reports.
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ETIDVE- Sh:i 1380 December 13, 2013

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

Frequency response {normalized)

' i e = i
500 1000 1500 2000 2500 3060
 [MHz]

e w

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Cartificate Mo: ET3-1380_Dec12 Page 7 of 11

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
inspection reports.

Norraston My 4752 This document shall not be reproduced except in full.
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ET30VE- SM; 1380 December 13, 2013

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: t 0.5% (k=2)

Certificate Mo: ET3-1380_Dect3 Fage 8 of 11
Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

v inspection reports.

Norraston My 4752 This document shall not be reproduced except in full.
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ET30VE=- S 1380 Decamber 13, 2013
Dynamic Range f(SARpcad)
(TEM cell , f = 900 MHz)
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SAR [mWilicrmd]
L4
rat mml_lpmmad compensaked
Uncertalnty of Linearity Assessment: & 0.6% (k=2)
Centificate Mo ET3-1380_Decld Page & of 11
i, Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
Sot A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
%ﬁ NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and

i i 1
ey inspection reports.
: " m}.::' - This document shall not be reproduced except in full.
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ET30WE- SM:1380

Decermber 13, 2013

Conversion Factor Assessment

{ = 800 MHz, WGLS RE (H_comF) f= 1810 MKz WGLS R22 (H_convF)
; e i ot T
‘~°'|; ”E I |
i : |
B
and ; ‘
EoY . ; .
% 251 : \ C % ..L\ !
£ 13-
g F .'i\'._ E .l . I
15 , L % |
L RS w0 b3
109 \\‘ \‘\\
] ~. L s i ]
—, "'-—I i,
i — ol ddd 111 TIPS T 8 0 [ MO O O O S I S
e n F' ) “ ] P 4 B 1] @ = ] B &
i 2 lmem] & [reemi] *
i mu“”n -#r eaneed

Deviation from Isotropy in Liquid
Error (¢, 3), f= 900 MHz

b4 06 OB 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

1.0 -08 -0& 4 -02 00 02

Corlificate Mo: ET3-1380_Dec13

NATA

Arriitan Mo, 8%

Page 10 of 11

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
inspection reports.

This document shall not be reproduced except in full.
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ETIDVE- Sh:1380 Decermber 13, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1380

Other Probe Parameters
Sansor Arrangement ) Trizngular
| Connectar Angle () = 21.7
Machanical Surface Detection Mode B enabled
| Optical Surface Detection Mode disabled |
| Probe Cverall Length 337 mm |
Probe Body Diameter _ - 10 mm |
Tip Length 10mm |
Tip Diametar 6.8 mm |
Probe Tip to Sensor X Calibration Paint 27 mm |
Probe Tip to Sensor ¥ Calibration Paint 2.7 mm
Froba Tip ta Sensar Z Callbration Point 27 mm
Recommended Measurement Distance from Surface 4 mm
Cerlificate No: ET3-1380_Dec13 Page 11 of 11
Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
v inspection reports.

Norraston My 4752 This document shall not be reproduced except in full.
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughaussirasse 43, 3004 Zurich, Switzerland

Schweirerischer Kalibrierdienst
Service sulsee d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Servica

Accredited by the Swess Accreditation Servica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
MuMtilateral Agreement for the recognition of calibration certificates

EMC Technologies

Acereditation Mo.: SCS 108

Client Certificate Mo: D750V 3-1051_Deci13

[CALIBRATION CERTIFICATE ]
|

D750V3 - SN: 1051 |

Cibject
Callbration procedals) QA CAL-05.va

Calibration procedure for dipole validation kits above 700 MHz
Calibiraticn date: Dacember 13, 2013

Thie calibration certifieale dosuments the iraceabity io national standards, which realize e physical units of measurements (ST}
The measuremants and the uncertanties with sorlidence probability are ghven on the Takawing pages and are par of the carificata,

ANl calibrations heve been conductsd in the closed laboratary facility; environment temperature (22 = 37°C and hurnidity < 70%.

Calibration Equipment usad (METE critical for calibration)

/ﬁ%

Essued: December 13, 2013

This calibration cenificale shall nal ba reprosuced excap in full withou weitien approval of the laboraiory.

Primary Standards ID# Cal Date (Ceriificate Mo.) Scheouled Caibration
Powar mater EPM-4424 GEIT4ROTO4 08-0c1-13 (Mo 217-01827) Oct-14 —
Pawer sansor HP 84814 LISET292783 09-0ca-13 (Mo 217-01827) Oct-14
Power sansor HF B4E61A MY41002317 08-0c3-13 (Ma. 217-01828) Qel-14
Referanca 20 dB Attenualor SN: 5058 (20k) 04-Apr-13 (Mo, 217-01738) Apr-14
Type-W mismalch combinalion Sh: 5047.3 (1 06327 04-Apr-13 (Mo, 21701738 Apr14
Rederence Probe ES30V3 SM; 3205 26-Dec-12 (Mo, ES3-3205_Dect2) Dioe-13
DAE4 SM: B 25-Apr-13 (Mo, DAE4-801_Apr1d) Apr14
Secondary Standands VR Chisck Digte (in housa) Sehedulad Check
AF generator FAS SMT-06 100005 04-Aug-B8 (in house check Oot-13) In house check: Oct-15
Meatwork Analyzer HP BT53E USEFI00585 84206 18-0ct-01 {In housa check Oct-13) In house check: Oct-14
Name Function Signature

Calibrated by: lsrae EFMaoug Laboratery Technican 0

/VL&:.-J..\._ &,\’/’
Approned by Kata Pokovic Technical Manegar

Ceriticate Mo D7S0V3-1051_Dec13

Page 1 of 8

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
inspection reports.

This document shall not be reproduced except in full.
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. " Ay

Cﬂllhtl’ﬂtlon Laboratory of o \\éé,; i g  Schweizerischer Kalibrierdienst

Schm[d & E‘anner % ¢ Servies suisse détalonnago
Engineeting AG ST Servizio svizzero di taratura

Zeughausstrassa 43, B004 Zurich, Switzertand A S  swiss Calibration Service

i :
iyl

Aceredited by the Swisa Acoreditzlion Senicn (SAS) Accreditation Me.: SCS 108
The Swiss Accreditation Service is one of the signatories o the EA
Multilsteral Agreement for the recognition of ealibration cedificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

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) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Systemn 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 ceriificate 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 criented
parallel to the body axis.

» Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required.

e 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 measurad, normalized to an input power of 1 W at the antenna
connactor.

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

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

Certificate No: DTS0V3-1051_Decl1d Page 2 of B

Accredited for compliance with ISO/IEC 17025. The results of the test, calibrations and/or measurement
A included in this document are traceable to Australian/national standards. NATA is a signatory to the ILAC
NATA Mutual Recognition Arrangement for the mutual recognition of the equivalence of testing, calibration and
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS VE2AT
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phantom
Distance Dipele Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency TEO MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 22.0°C Hae .89 mhao'm
Measured Head TSL parameters (22.0+0.2)°C 41.0+6% 0.92 mha'm + 6 %
Head TSL temperature change during test <0.5"C e —
SAR result with Head TSL
SAR averaged over 1 em” {1 g} of Head TSL Condition
SAR measured 250 mW input power 221 Wikg
SAR for nominal Head TSL parameters narmalized to 1W 8.58 Wikg £17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 250 mW input powear 1.44 Wikg
SAR tor nominal Head TSL parameters normalizad to 1W 5.63 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperaturs Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 55.5 0,96 mha'm
Measured Body TSL parameters (22.020.2)°C 569 +6% 0.9% mho/m £ 6 %
Body TSL temperature change during test <050 e
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Bady TSL Condition
SAR measured 250 mW inpul power 2.22 Wikg

SAR for nominal Body TSL parameters

narmalized to 1W

8.72 W/kg £ 17.0 % (k=2)

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

cendition

SAH measurad

250 mW inpul power

146 Wikg

SAR for nominal Body TSL parameters

narmalizad o 1W

5.75 Wikg £ 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impadance, transformed fo feed point 527 0Q-06 0
Return Loss - 31.2 dB

Antenna Parameters with Body TSL

Impadance, transformed 1o fead paint 47490-22i0
Return Loss - 30.2 dB

General Antenna Parameters and Design

Electrical Delay (one direction) | 1.028 ne J

After long term use with 100W radiated power, only a slight warming of the dipale near the feedpoint can be measurad.

The dipole is made of standard semirigid coaxial cable. The center conducier of the feeding ling is directly connecled to the
second arm of the dipale. The antenna is therefore short-circuited for DG-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matehing 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 lanath is stil
according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connactions nesr the
feedpaint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured on October 03, 2011
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DASY5 Validation Report for Head TSL

Date; 04.12.2013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V 3; Serial: DTS0V3 - SN: 1051

Communication System: UTD 0 - CW; Frequency: 750 MHz

Medium parameters used: f= 750 MHz; 5 = 0.92 §/m; g, = 41; p = 1000 kga'm1
Phantom section: Flat Section

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

DASY 32 Configuration:

Probe: ES3DV3 - SN3205; ConvF(6.28, 6.28, 6,28); Calibrated: 28.12.2012:
Sensor-Surface; 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 4.91.: Type: QDOOOP49AA; Serial; 1001

DASYS2 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=Smm

Reference Value = 54,183 V/m: Power Drift = 0.02 dB

Peak SAR (exirapolated) = 3.37 Wikg

SAR(1 gh = 2.21 W/kg; SAR(10 g) = 1.44 W/ikg

Maximum value of SAR (measured) = 2,57 Wikg

240

=480

=120

0.0

ik

12,00 hies
0dB =257 Wrkg =4.10 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.12.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1051

Communication System: UID O - CW; Frequency: 750 MHz

Medium parameters used: f= 750 MHz; o = 0,99 $/m: & = 56.9: p = 1000 Rg.-'m'-‘
Phantom section: Flat Section

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

DDASY 52 Configuration:
= Probe: ES3DV3 - SN3205; ConvEi6.11, 6.11, 6.11); Calibrated: 28,12.2012;
+  Sensor-Surface; 3mm (Mechanical Surface Detection)
« [Blectronics: DAE4 Sn601; Calibrated: 25.04,2013
+ Phantom: Flat Phantom 4.9L1; Type: QDO0OP49AA; Serial; 1001
« DASYS52 52871137y SEMCAD X 14.6.10(7164)

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

Reference Value = 52,792 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.30 Wikg

SAR(T g) =2.22 Wikg: SAR(10 g) = 1.46 W/ikg

Maximum value of SAR (measured) = 2.58 Wikg

-1.20

-1.E0

12,00

0dB =258 Wikg =4.12 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of Schweizarischer Kallbrierdienst
Schmid & Partner Bervice suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand Bwiss Calibration Service

Accredited by the Swiss Accreditation Servica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificales

ciet  EMC Technologies

Accreditation Ne.: SCS 108

Certificate No: DS00V2-047_Juni2

CALIBRATION CERTIFICATE

Ohject

Calibrathon procedura(s)

Calibration date;

DS00VE - SN: 047

QA CAL-05.vB

Calibration procedure for dipole validation kits above 700 MHz

June 22, 2012

Cafibration Equipmeant usad {MATE critical for calibration)

Thie calibration cartificate docwnants the traceability to nationat standards, which realize the physical units of measuramarnts (S1).
Tha massurements and the uncariainties with confidence probabilily are given on the fallowing pages and are pan of the cenlficats,

All calibrations have baan condueled in the elosed laboratory facilily: saviranment temperature (22 + 3)°C and hurnidity = 0%,

Frimary Standarda |io# Cal Diata {Certificate No.) Schuduled Calibration

Fowar meter EPI-4424 | GRaz2moTOL 06-Oct-11 {Me. 217-01451) Dei-12

Powar senzar HF B4814 USATERETES 05-0ct-11 (Mo, 217-01451) Cak-12

Refaranca 20 4B Atteraator SN: G058 (20k} 27-Mar-12 (No. 217-01530) Apr-13

Type-h mismateh combination SN: 5047.2/ 06327 27-Mar12 (No. 217-01633) Apr13

Refarenca Probe ESI0V3 Sh: 3205 A0-Dec-11 (Mo, ES3-3205_Daeii) Dac-12

DAE#+ Sh: 80 O-Jul-11 (Mo, DAE4-801_Jui1) Jul-az

Secondary Standards ID # Check Data (in house) Scheduted Chack

Powsar sensor HP S4810 MY A1082317 18-0c-02 [in house check Oat-11) In house check: Oct-13

AF ganerator R&S SMT-06 100005 Od-Aug-8a {in house check Oct-11) In house check: o115

Migkwork Ana.lyzar HP B7FE3IE LIS3E7I00585 S4206 1E-Oe1-01 [I'l housse check 'Dct-11] In house check: Ocl-12
Nama Funstion Sigrure

Cafitwatsd by: Do ey Leparatory Technician ﬁ M

Approved by: Katia Pokovio Tachnical Manages

=

Issued: June 22, 2012

This callbratien cartilicabe shall net b raproducad except in full without writen epprovel of the aboratory.
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Calibration Laboratory of L,

: £ ey 2 3 Sehwalzerischer Kalibrierdianst
Schmid & Partner iﬁé G Service sulsse détalonnage
Engineering AG bt Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 'y;,&/;'z'f-\"i\_ﬁ S Swiss Calibration Service
Accredied by Ihe Swiss Accreditation Servics (SAS) Bccreditation Mot SCS 108

The Swiss Accreditation Service i one of the signatories to the EA
Bultilataral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating Nguid

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

Calibration is Performed According to the Following Standards:

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

b) |EC 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

¢) 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:

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

s Aptenna Parameters with T5L: 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
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncerfainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo 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
connactor,

+ SAR for nominal TSL parameters: The measured TSL parameters are used fo caloulate the
nominal SAR resuit.

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%.
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Measurement Conditions
DASY system configuration, as far as net given on page 1.
DASY Version DASYS VE2.8.1
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
-_Nhuminal Head TSL parameters 220°C 415 0.97 mho'm
Measured Head TSL parameters (22.0+0.2)°C 403 £ 6% 0.85 mha'm £ 6 %
Head TSL temperature change during test =0.5"C — s
SAR result with Head TSL
SAR averaged over 1 em® {1 g) of Head TSL Candition
SAR measured 250 mW input power 2E3ImW /g
SAR for nominal Head TSL parameters normalized to 1W 10,6 mW /g = 17.0 % (k=2)
SAR averaged over 10 em’ {10 g} of Head TSL condition
SAR measured 250 mW input pawer 162 mW /g
SAR tar nominal Head TSL parameters normalized o 1W 6.81 mW /g + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55,0 1.05 mha'm
Measured Body TSL parameters (22.0£02)*C 5209+6% 1.06 mho'm £ 6 %
Body TSL temperature change during test < 0.5"C - -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condltion
SAR measurad 250 mW input pawer 283mW /g

SAR for nominal Body TSL parameters normakized to 1W 1.1 mW /g = 17.0 % (k=2)

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

conditicn

SAR measured

250 mW input poswar

181 mW fg

SAR for nominal Body TSL paramaters

nomalized to 1W

716 mW / g = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedanca, transformed to feed point F21n-39i0
Retum Loss -27.3dB

Antenna Parameters with Body TSL

Impedance, transformed to fead point ABS (1 -5.3
Retum Loss -251 dB

General Antenna Parameters and Design

Elsetrical Delay (one direction) 1.410ns

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

The dipole is made of standard semirigid coaxial cable. The center conductar of the feeding line |s diractly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are addad to the dipoie arnms 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 changa. The overall dipole length is still
according 1o the Standard,

Mo excessive force must be applied to the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufaciurad by SPEAG
Manufactured on October 07, 1988
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DASYS Validation Report for Head TSL

Date; 22.06,2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dvipole 900 MHz; Type: D900V2; Serial: D900V2 - SN: 047

Communication System: CW; Frequency: 900 MHz

Medium parameters used: = 900 MHz; o = 0.95 mho/m; & = 40.3; p= 1000 l-ag.-’m?'
Phantom section: Flal Section

Measurament Standard: DASY S (IEEE/EC/ANST C63.19-2007)

DASY52 Configuration;
+  Probe: ES3IDV3 - SN3205; ConvF(5.97, 5.97, 5.97); Calibrated: 30.12.2011;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn%01; Calibrated: 05.06.2012
+ Phantom: Flat Phantom 4.91; Type: QDODOP49AA; Serial: 1001
« DASYS2 52.5.1(838), SEMCAD X 14.6.5(6469)

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

Reference Value = 58,816 Vim; Power Drift =-0.00 dB

Peak SAR (cxtrapolated) = 3.956 mW/g

SAR(I g) = 2.63 mW/g: SAR(10 g) = 1.6Y mW/g

Maximum valee of SAR (measured) = 3.09 mW/g

]
0 dB = 3.09 mW/g = 9.80 dB mW/g

-i2.00
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 22.06.2012
Test Laboratory: SPEAG, Zarich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: DMOV2 - SN: 047

Communication System: CW; Frequency: 900 MHz

Medium parameters used: f = 900 MHz; o = 1.06 mhe/m; & = 52.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
+ Probe: ES3DV3 - SN3205; ConvEF(5.94, 5.94, 5.94); Calibrated: 30.12.2(1 1;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn901; Calibrated: 03.06.2012
« Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial: 1001
« DASYS52 52.8.1(838); SEMCAD X 14.6.5(6469)

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

Reference Value = 57.360 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 4.370 mW/g

SAR(1 g) = 2.83 mW/g; SAR(10 g) = 1.81 mW/g

Maximum value of SAR (measured) = 3.32 mW/g

-12.00

0 dB = 3.32 mW/g = 10.42 dB mW/g
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Impedance Measurement Plot for Body TSL
22 Jun 2012 @9:92r42
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Bwitzerland

5 Schweizeriacher Kalibrierdienst

c Sarvice suisse d'éalonnage
Saervizio svizzero di aratura

S  Swiss Calibration Senice

Acoredited by the Swiss Accraditaton Savica (SAS)
The Swisa Accreditation Service iz one of the signataries to the EA
MuMilateral Agreement for the recognition of callbration certificates

cient  EMC Technologies

EALIBHATION CERTIFICATE

Accreditation No.: SCS 108

Certificate No: D1800V2-242_Juni2

Object D1800Vv2 - SN: 242

Calibration procedurais) CiA CAL-D5.vB

Calibration procedurs for dipole validation kits above 700 MHz

Caflitrafion date: June 20, 2012

Thiss calibration cerilicate docusnents the traceability o nationg! standards, which realize the physical units of measurements (5S1).
The measwaments and he uncenainties wih confidence probability &re given on the following papes and are par of the cerlificate,

All salibrations have been conducied in the clossd abarateny iecility; environment temparaiung (22 £ 30°C and Rurmidity < 7006

Calibration Equipmant usad (MATE crilical for calibradion)

Primary Standands D # Cal Date {Carilicate Mo.) Scheduled Calibration

Powar meler EPM-8424 GBIT4807T04 05-0ct11 (Mo, 297-01451) D12

Powk sansor HP B4318 UgareezTag O5-0ct-11 (Mo, 217-01451) Qot12

Aalarence 20 dB Attanuasor SN 5058 (20K) Z7-Mar-12 (Mo 217-01530) Ape13

Type-N mismaich combination SM: BO4T.2 J 0E3Ey 27-Mar-12 (Mo, 217-01533) Apr13

Rafarance Probe ESE0VI SM: 3205 30-Dec-11 (Mo, EBS-3205_Deci1) Dac12

DAE4 A e D-Ju-11 (Mo DAE4-601 _Juli1) Jul-12

Sacondary Standarnds 10 # Check Date (in houss) Schedulad Check

Power gensor HP B481A MY 41092317 18-0ct-02 (in house check Oct-11) In house check: Del-13

AF ganerator RES SMT-06 100005 O-Aug-d (in housa check Oet-11) In houss chack: Oct-13

MNeltwork Analyzer HP 8753E LIS3ra00585 S4208 18-0ct-01 (in house check Oc=11} In htease check, Ogt-12
Mame Functon Signaiure

Calibrated by: Isras EHMacug Laboratary Techrician O ac ,5'1

Approvad by Kalja Pokovic Technical Managar

tssuad: June 20, 2012

This caliaration cerfifcete shall not te reproducad exeept in full withouwt written appooval of thae laboratary.
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Calibration Laboratory of w Schweizerischer Kalibrierdienst
Schmid & Partner “*\‘»;"’f/ﬂ Service sulsse d'étalonnage
Engineering AG %-, s it Servizio svizzero di taratura
Zeughausstrassa 43, 8004 Zurich, Switzerland -;"fvﬁ\-\“ Swiss Calibration Ssrvice
LT
Accredited by the Swiss Accreditation Sarvice (SAS) Apcreditation No.: SCS 108

The Swiss Accreditation Service is one of the signataries to the EA

BMultilateral Agr t for the racognition of calibration certificates
Glossary:

TSL tissue simulating liguid

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

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 Technigues”, December 2003

b) IEC 682209-1, "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 8 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC CET),
“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 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
paint exacily 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
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» FElacirical Delay: One-way delay between the 3MA connector and the antenna feed point.
Mo 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.

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%.

Cenificate Mo: D1800V2-242_Jun12 Page 2 of &
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Varslon DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Canter - TSL 10 mm with Spacer
Zoom Scan Resolution dy, dy, d2 =35 mm
Frequency 1800 MHz < 1 MHz
Head TSL parameters
The fallowing parameaters and calculaticns were apolied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters {22.0x02)°C 309+6% 1.38 mho'm £ 8 %
Head TSL temperature change during test =0.5°C e —-
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 833 mW /g
SAR for nominal Head TSL paramaters normalized to W 37.5 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 494 mW /g
SAR for nominal Head TSL parametars narmalizad to 1W 18.8 mW /g = 16.5 % (k=2)
Body TSL parameters
Tha following parametars and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho'm
Measured Body TSL parameters (220 +0.2)°C l4+B% 1.62 mho/m + 8 %
Body TSL temperature change during test < 0.5"C - -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Canditian
SAR measured 250 mW imput power 971 mW /g
SAR lor nominal Bady TSL parameters normalized to 1W 38.7 mW/ g = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 516mW /g
SAR for nominal Body TSL parameaters normalized o 1W 20.6 mW / g = 16.5 % (k=2)
Cartificate Mo: D1B00V2-242_Juni2 Page 3al 8
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Appendix

Antenna Parameters with Head TSL
Impedancs, transformed 1o fead paint 48010 -52j0
Relum Loss -24.9dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 43868 -51]0
Return Loss -21.3dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1198 ns

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

The dipode is made of standard semirgid coaxial cabls. The center conductar of the feading line is directly connectad to the
gecond arm of the dipole. The antenna is therefore short-circuited for DC-signats. On sama of the dipolas, small end caps
are added to the dipale arms in order to Improve matching when loeded according to the position as axplained in the
“Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole langth is still
according 1o the Standard.

Mo excessive foree must be applied 1o the dipale arms, because they might bend or the soldarad connections naar the
feadpaint may be damagad.

Additional EUT Data

Manufacturad by SPEAG
Manufactured on December 10, 1904
Cartificate Mo: D1800V2-242_Jun12 Page 4 of B
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DASYS5 Validation Report for Head TSL

Drate: 20.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1S00V2 - SN: 242

Communication System; CW; Frequency: 1800 MHz
Medium parameters used: f= 1800 MHz; o = 1.39 mho/m; & = 39.9; p = 1000 kg.’m'l'
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYSZ Configuration:
»  Probe: ES3DV3 - SN3205; ConvF(5.07, 5.07, 5.07); Calibrated: 30.12.2011;
¢ Sensor-Sorface: 3mm (Mechanical Surface Detection)
+ FElectronics: DAE4 Sno01; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (front); Tyvpe: QDO00PS0AA; Seral: 1001

« DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Sean (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=3mm, dz=5mm

Reference Value = 94,507 Vim: Power Drift = 0.03 dB

Peak SAR (cxtrapolated) = 16,329 mW/g

SAR(1 g) = 933 mW/g; SAR(10 g) = 4.94 mW/g

Maximum value of SAR (measured) = 11.5 mW/g

-T.20
-10.80

-14.40

-1B.00

0dB=11.5mW/g=2121dB mW/g

Cartificate Mo: D1800W2-242_Jun12 Page & of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 20.06.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serfal: D1800V2 - SN: 242

Communpication System: CW; Frequency: 1800 MHz

Medium parameters used: £= 1800 MHz; o = 1.52 mho/m; & = 52.4; p = 1000 kg/m’
Phantoin section: Flat Section

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

DASY 52 Configuration:
+ Probe: BES3DV3 - SN3205; ConvF(4.74, 4,74, 4.74); Calibrated: 30.12.2011;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn6(H; Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (back); Type: QDUOOPS0AA; Serial: 1002
» DASYS2 52.8.1(838); SEMCAD X 14.6.5(6469)

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 = 93.235 V/m; Power Drift =0.02 dB

Peak SAR (extrapolated) = 16,958 mW/g

SAR(1 g) = 9.71 mW/g; SAR(10 g) = 5.16 mW/g

Maximum value of SAR (measured) = 12.2 mW/g

-10.80

14.40

<1800

0dB = 12,2 mWi/g = 21.73 dB mWig

Carlificate Mo: D1800V2-242_Juni2 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner

Enginsering AG
Zeughaussirasse 43, BO04 Zurich, Switzeriand

g Schwelzeriacher Kalibrierdienst

c Sorvice sulsse d'élalonnage
Servizlo svizzero di faratura

5 cuwiss Callbration Sarvice

Acoradited by 1ha Swiss Accradilation Senvice (SAS) Accreditation Me.: SCS 108
The Swiss Accreditation Service i one of the signatories to the EA
Bultilateral Agreemaent far the recagnition ef calibration cerdificates

cient  EMC Technalogies Gortificata to: D1950V3-1113_Dec12
CALIBRATION CERTIFICATE

Chjact D1950V3 - SM: 1113

Callbeagian procaturals) G CAL-05.vE
Calibration procedura for dipele validation kits abeve 700 MHz

Calibration date: December 08, 2012

This calimration cariicabe documeants b laceaksdily b natianal stardards, which ranliza tha physical unita ol measurements (S0,
Tha measuramants ard the uncerainlies wilh canfidensa probabilty ara geon on the folkowing pages and ara part of tha cedilicats.

Al calbratians have bean conougled In the closed laboratory lacility: envinsnment lermnparature (22 + 3)°C and humidiy = 70%,

Calibention Equipment esad (METE critizal for caliration)

Paimary Standards | I _Gal Date [Cedtificata Mo.) Sehedulod Calibration

Pawar maler EPM-4428 GEITL80704 01 -Moe- 12 (Mo, 217-01640) Ocl13 N

Pawar sersar HP 84810, USETERETas 01-Mo-12 (Mo, 217-01840) Ool-13

FAefarencea 20 o Altanuaios S- BDSE (20k) 27-Mar-12 (e 247-01530) Ape-13

Typ-M mismalch combinatian Bl B04T.3 S OBRET 27-Mar-12 (Mo, 297-01533) Apr-13

FRefarenca Probe ESI0VE BN 22058 A-Dac 11 (Mo, ES22205 Deci1) Dag-12

DAE4 ShC B0 2¥-dure 12 (Mo, DAES-G01_Juni2) Jun-13

Secondary Standarcs I ¥ Chesck Dale [in house) Schardulad Chack

Power sensor HP B4B1A [ELCA FE=Fy ey 18-01-02 {in house check Oct-11) Im hcdise chgch: l;ln:l-1."i

HF geraraior RS SMT-06 100005 0d-Aug-29 (i house check Ocl-11) In howse checks Oel-13

Metwark Analyzer HF 8753E US3730585 54306 18-0c1-01 {in house check Oct-12] In hease check: Oel-13
Mama Funciian Signalune

Calibrated by l=rass El-Maciig Laboratory Techrician

(_);*.mﬂ;-éf&ua\
Appravad by Kalja Pokovic Tachnical Manager ﬁ&? é; -

Issued: Dooamber &, 2012

This calibeation certificate shall not ba reproduced cocogpl in full without writien approval of the labaratony,
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Calibration Laboratory of
Schmid & Partner

Enginsering AG
faughaussirasse 43, 8004 Turich, Switzerland

g Schweizerischer Kalibrierdienst

C Servics suisse d'dtalannage
Servizio svizzero di thratura

S swiss Casibration Service

Acaradited by ha Swiss Accredilation Sanice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signataries to the EA
Multilateral Agroement for the recognition of calibration certificates

Glossary:

TSL fissue simulating liguid

ConvF sensitivity in TSL / NORM x,y,z
MNIA net applicable or not measured

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 Tachnigues”, December 2003

by IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC QET),
“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 Parametars:

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

= Antenna Parameters with TSL: Tha dipole is mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms arented
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 connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connecter and the antenna feed point.
MNo uncertainty reguired.

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

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

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

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

Centificate Mo: D1850V3-1113_Decl12 Page 2 of B
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Measurement Conditions

DASY systemn condiguration, as far as not given on page 1,
DASY Version DASYS VE2B.S
Extrapolation Advanced Extrapolation
Phantem MModular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resalution dx, dy, dz =5 mm
Frequency 1950 MHz + 1 MHz
Head TSL parameters
The loliowing parameters and calculations were appliad.
Temperature Permittivity Conductivity
HNominal Head TSL parameters 2200 40.0 1.40 mhavm
Measured Head TSL parameters (220202 °C VI +E% 1.43 mhe'm 6 %
Head TSL temperature change during tesi <050
SAR result with Head TSL
SAR averaged ever 1 em” {1 g) of Head TSL Condition
SAH measured 250 mW input power 10.4 Wikg
SAR for nominal Head TSL parameters narmalized fo W 40.9 Wikg = 17.0 % (k=2) J
SAR averaged over 10 em® (10 g) of Head TSL cordilion
HAR measursd 250 mW input power 557 Wikg
SAR for nominal Head TSL parameters normalized o 1W 21.3 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Neminal Body TSL parameters 220°C 53.3 1.52 mbovm
Measured Body TSL parametars {22.0 £ 0.2)"C 521 +6% 1.57 mhoim + 6 5%
Body TSL temperature change during test <0.5°C —
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
S5AR measured 250 mW input pawer 08D Wikg
SaR Tor nominal Body TSL paramlers narmaiized o 1W 38.6 Wikg £ 17.0 % (k=2
SAR averaged over 10 em® (10 g} of Body TSL condition
SAR measured 250 mW input power 513 Wikg
S5AR lor nominal Body TSL paamelerns normalized 1 1% 202 Wikg = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, ransformed to feed point G024+ 000
Return Loss - 54.8 dB

Antenna Parameters with Body TSL

—
Impedance, fransfomed to feed point 45,062 -0.1 ja

Retum Loss -ETTdBE

General Antenna Parameters and Design

Elecirical Delay {one direction) | 1191 ng

After long lerm use with 100W radiated pawer, anly a slight warming of the dipole near the feadpoint can be measured.

The dipole Is rmade of standard semingid coaxial cable. The center conductor of the feading line ia directly connacted 1o he
second amm o the dipale. The antenna is tharelore short-circulted for DG-signats. On some of the dipoles, small end caps
are added to the dipols arms In ordes b improve matching when loaded according to the pesition as explained in the
“Measuremnent Conditions” paragraph, The SAR data are not affected by Iis chanpe. The overall dipole length is still
according to the Standard.

Mo excassive forca must be applied 1o the dipole amms, because they might bend or the soldersd connections naar the
feedpoint may be damaged.

Additional EUT Data
Manufaciured by SPEAG
Manufaciured on Qetober 20, 20086
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DASYS5 Validation Report for Head TSL

Date: 06.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1950 MHe; Type: D1950V3; Serial: D1950V3 - SN: 1113

Communication System: CW; Frequency: 1950 MHz

Medium parameters used: = 1950 MHz; o = | 43 mho/m; g, = 39.3; p = 1000 kgim®
Phantom section: Flag Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2007)

DASYSZ Conliguration;
o Probe: ES3IDVI - SN3205; ConvFi4.86, 4.86, 4.86); Calibrated: 30.12.201 1
«  Sensor-Suerface: 3mm (Mechanical Surface Detection)
+  Electronics: DAEL Sné0 1 Calibrated: 27.06.2012
+  Phantom: Flat Phantom 5.0 (fronty; Type: QDODIPSOAA; Scrial; 1001

« DASYS2 52.8.3(988) SEMCAD X 14.6.7(6848)

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

Reference Value = 98,036 Vim: Power Dvifl = 0,05 dB

Peak SAR {extrapolated) = 185 Wikp

SAR(L g) = 10,4 Wikg; SAR(I0 g) = 5.37 Wikg

Maximum value of SAR {measured) = 12.8 W/kg

A0

12,00

-16.00

20,00

OB = 12,8 Wikg = 11.07 dBW/kg

Cortilicate Mot D195003-1115_Deci2 Fage & of B
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Impedance Measurement Plot for Head TSL

6 Deo 2842 12:1@89:83

CHD 541 1 0 Fs 2504748 QOZ91G 31664 pH 1 S5 BEE0 OB Mz
2 e = -3
Oel Fi g
Cor { = .t;'
'|I i iI|l
Prv b ) J
1 X ke
Hid i
i Lo
CHZ Bid Log -3 dB/REF -70 dB o g3=04,7I5.dE 1 S50.088 6RO HHz
|
. P, — | i E—_—
Co | ""'\--,_‘_\_\_ i H_,..-r""-ﬁ
feg |S— — \- :
W s
“Ld _t_.- g‘|—-- e e ]
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DASYS Validation Report for Body TSL

Daate: (6.12.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1950 MHz; Type: DI950VI: Serial: DI9SOVI - SN: 1113

Communication System; CW; Frequency: 1950 MHz

Medium parameters used: = 1950 MHz; o = 157 mhofm: &, = 52.1; p= 1000 kg/m®
Phantom section: Flat Section

Meusurement Standard: DASYS (IEEENEC/ANST C63. 19-2007)
DASYSZ Configuration:
= Probe: ES3IDV3I - SNA205; ConvF(4.73, 4.73, 4. 73} Calibrated: 30.12.201 1
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sna0l; Calibrated; 27.06.2012
»  Phantom: Flat Phantom 5.0 (back); Type: QDOOPSOAA: Seral: 1002
+  DASYSZ 5ZEI088); SEMCAD X 14,6,7(6848)

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

Reterence Value = 93.722 Vim; Power Drift = -0.03 JB

Peak SAR (extrapolated) = 17.7 Wikg

SAR(1 g) = 9.89 W/kg; SAR(10 g) = 5.13 W/kg

Maximum value of SAR (measured) = 12.6 Wikg

200
1200
-16.00

-0

OdB = 12,6 Wikg = 11.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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The Swiss Accreditation Service is one of the signatories to the EA
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cient  EMC Technologies Cestificate No: DAE3-442_Dec13

CALIBRATION CERTIFICATE

Objact DAES - SD 000 D03 AE - SN: 442

Calteation procaduse(s) QA CAL-06.v26
Calibration procedure for the data acquisition electronics (DAE)

Caliration dete: December 10, 2013

This calibration cerificate documants the tracestdty to national standards, which realze the physicel units of measurements (S1).
The measuraments and the uncartainties with confidence pratability ane given an the following pages and am pad al the cedifisale,

Al cafibrations have been conduclad in e closed laboratory Tacility: amdronmeant temperalure (22 +3)°C and humidily < 7055

Calibration Equipment usad [MATE critical for callbration}
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Marme Function Slignature

Calibrated by Dominiqua Steffen Tachnician ¥ iﬁ%

| Dy Tachnical M .
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Calibration Laboratory of

. A s, Schweizerischer Kalibriesdionst
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Zeughausstrasse 43, 8004 Zurich, Switzerland " (TN Swiss Callbration Service
TR
Accredited by the Swiss Ascraditation Service (SAS) Acereditation Mo.: SCS 108

The Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary
DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system,

Methods Applied and Interpretation of Parameters
» DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

» Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted, Uncertainty is not required.

» The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of

the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

»  Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measuremeant.

» Channel separafion: Influence of a voltage on the neighbor channels not subject to an
input voltage.

AD Converter Values with inputs shorfed: Values on the internal AD converter
carresponding to zero input voltage

s Input Offset Measurement: Qutput voltage and statistical results over a large number of
zero voltage measurements.

s Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

+ [Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement,

* Low Baffery Alarm Voliage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in various operating

modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Ranga: 1L58 = 6.1uV, full range =  -100.. 4300 my
Law Range: 1L58 = a1y, full range = -1.,...,.+3mV
DASY measurament paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X v Zz
High Range 404.302 £ 0.02% (k=2) | 405.041 £ 0.02% (k=2) | 405.256 £ 0.02% (k=2)
Low Range 3.8B875 1 1.50% (k=2) | 3.96112 + 1.50% (k=2) | 3.9905% £ 1.50% (k=2)
Connector Angle
| Connector Angle to be used in DASY syslam 1075°£1°
Carlificate Mo: DAE3-442_Dec13 Fage 3 of &
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Appendix
1. DC Voltage Linearity
High Range Reading (pV) Difference (pV) Error (%)
Channel X + Input 19009372 214 -0.00
Channel X + Input 20000.86 0.45 .00
Channel X = Input -19899.17 2,02 -0.01
Channel Y + Input 15999631 .40 0.00
Channel ¥ + Input 18988,51 -1.10 0.1
Channel ¥ - Input -19995,92 1.08 -0.01
Channel Z + Input 189995,50 -0.a7 -0.00
Channel Z + Input 20000.62 0.18 0.00
Channel Z = Input -20000.78 0.43 -0.00
Low Range Reading (pV) Difference (u¥) Error (%)
Channel X + Input 2000.83 019 0.01
Channel X + Input 201.15 0.18 0,09
Channel X - Input -197.848 0.52 046
Channel Y + Input 2000.21 -0.38 -0.02
Channel ¥ + Input 200,77 -0.15 -0.08
Channel Y = Input -200.31 -1.40 0.70
Channel Z + Input 1999,81 -0.68 -0.03
Channel Z + Input 200.63 -0.29 014
Channel Z = Input -199.19 0,34 07
2. Common mode sensitivity
DASY measuremant parameters: Aute Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -0.24 «11.23
- 200 12.08 10.58
Channel ¥ 200 0.75 0.40
- 200 -1.54 -1.84
Channel Z 200 -5.26 -5.50
- 200 2.39 2.43
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sac
Input Voltage (mV) | Channel X (uV) | Channel ¥ (V) Channel Z (pV)
Channel X 200 -0.05 ~4.04
Channel ¥ 200 B8.61 = 0,53
Channel Z 200 T.15 6.59 D
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
High Range (LSB) Low Range (LSB)
Channel X 15799 16180
Channel Y 15773 16313
Channel Z 15581 16683
5. Input Offset Measurement
DASY measurement parametars: Auto Zero Time: 3 sec; Maasuring time: 3 sec
Input 10M£2
Average (V) min. Offset (uV) | max. Offset (uV) . l;l::rr;minn
Channel X -0.26 -1.81 147 0.83
Channel Y 0.14 -1.39 1.41 0.60
Channel £ -3.02 -4.45 1.1 0.67
6. Input Offset Current
MWaominal Input circuitry offsat current on all channels: <25i4,
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm})
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typical values Alarm Level (VDC)
Supply (+ Vieg) +7.9
Supply (- Vec) 7B
9. Power Consumption (Typical valuss for information)
Typical values Switched off (mA) | Stand by (mA} | Transmitting (mA)
Supply (+ Vec) +0.01 +B +14
Supply (- Vee) —0.01 8 -5
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