P%

~ ~Ad

Document

TeStlng Appendix D for the BlackBerry® Smartphone Model RFW121LW SAR

Services~ Report

Page

1(49)

Author Data
Andrew Becker

Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

APPENDIX D: PROBE & DIPOLE CALIBRATION DATA

This report shall NOT be reproduced except in full without the written consent of RTS
Copyright 2005-2013, RTS, a division of BlackBerry Limited




! == ¥, Document
7!
Zzal

Testing
Services™ Revort

Appendix D for the BlackBerry® Smartphone Model RFW121LW SAR

Page

2(49)

Author Data
Andrew Becker

Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

Calibration Laboratory
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich,

of

Switzerland

hweizerischer Kalik di
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Accredited by the Swiss ion Semvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

cient  RTS (RIM Testing Services)

Certificate No: ES3-3225_Jan13

|CALIBRATION CERTIFICATE

Object ES3DV3 - SN:3225

' Calibration procedurs(s)

QA CAL-01.v8, OA CAL-23,v4, QA CAL-25.v4
Calibration procedure for dosimelric E-field probes.

Calibration dale

January 10, 2013

| units of

This calibravon cerficate documents e raceabilily 10 national stapdards, which realize the pny {5l

This calibration ceilificale shall not be reproduced except in full withgut witten approval of ine lavariory,

Issued January 14,

2015

Tha nents and e ung with confience probability are given on the foliowing pages and are part of ihe cenficate.
Al calibrations have been conducted in the closed y laciiity’ lemperaiuie {22 + 33°C and humidity < T0%
Calibration Equipment used (METE crtical for calibration)
Primary St T Cal Date (C No.) Scheduled Calibration ]
Pawer moter E44798 GB41293874 Z0-Mai-12 (MNo. 217-01508) Apr-13 |
| Power sensor E4d124 MY4 1408087 20:Mar-12 (No. 217-01508) Ape13 |
Referenice 3 B Al | S $5064 (3¢) 27-Mar12 (No. 217-D1531) Apr-13 B |
Reference 20 dB or | SN S5086 (20b) 27-Mar-12 (No. 217-01526) Apr13
ce 30 dB A W §N 55128 {00b) 27-Mar-12 (No. 217-01532) Apr-13
Reference Probe ES30V2 SN: 3013 26-Dec-12 (No. ES3-3013_Dec1?) Dec-13
DAE4 | SN: 660 20-Jun-12 (No. DAE4-660_Juni?) Jun-13
|
Secondary Standards 15] Check Date {in house) Schaduled Check
| RF HF 8648C US3642UD1700 4-Aug-29 (in house check Apr- 1) In house checle Apr-13
| Metwork Analyzer HP §7535E | US37300589 18-0ct-01 {In house check O- 12} In bowse chegke O61-13
Mame Function Signaiure
Calloratad by Jeton Kesiati Laboratory Techrili:iéﬁ(
Approved by: ‘Kalja Pokovic Technical Manager =
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughaussirasse 43, 8004 Zurich, Swizerland

Schwolzerischer Kallbrierdionst
Service suisse d'étzionnage
Servizio svizzero di taratura
Swiss Calibration Serviee

Accrediled by the Swiss Accreditaiion Servics {SAS) Accreditation No.; SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary;

TSL lissue simulating liquid

NORMX,y,2z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,2

DCP diode compression point

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

ABCD modulation dependant linearization parameters

Palarization ip rotation around probe axis

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

e, 4 =015 normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “|[EEE 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 to measure Ihe Specific Absorption Rate (SAR) 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:
= NORMz,y .z Assessed for E-field polarization 8= 0 (f < 900 MHz in TEM-cell, T > 1800 MHz: R22 wavegutde}
NORMx,y.z are only intermediate values, i.., the uncertainties of NORMX,y,z does not affect the E% field
uncertainty inside TSL (ses below ComvF).

«  NORM(f)x,y.2 = NORMzx y.z * frequency_response (see Frequency Response Chart), This linearization is
Imptemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response Is included
in the stated uncertainty of Convi

¢ 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.

e PAR PAR is the Peak to Average Ratio that is not calibrated bul determined based on the signal
characteristics

o Akyz Bxyz Cxyz Dxyz: VRxy.z: A B, C, D are numerical linearization paramelers assessed based on
{he data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the diode.

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for T < BOO MHz) and Inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which lypical unceriainty values are given. These parameters are
used in DASY4 soflwara to imprave probe accuracy close to the boundary. The sensitivity in TSL corresponds
lo NORMy.y,z * ConvF whereby 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 isofropy): in a field of low gradients realized using & flat phantom
exposed by a patch antenna.

s Sensor Offset. The sensor offset corresponds 1o the offeet of virlual measurement center from the probe tip
{on probe axis). No lolerance required.
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Probe ES3DV3

SN:3225

Manufactured:  September 1, 2009
Calibrated: January 10, 2013

Calibrated for DASY/EASY Systems

{Note. non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3225

Basic Calibration Parameters

Sensar X | Sensor Y SensorZ Unc (k=2)
Norm (uV/vim)*)" 1.29 | 119 1.31 +10.1 %
DCP (mV)" 100.5 | 101.5 99.9

Modulation Calibration Parameters

uinp Cammunication System Name A B C D VR Une"
| dB dBvpV dB mV (k=2)
2 cw [ x| oo 0.0 1.0 000 | 1575 | 27%
T | ¥ 0.0 0.0 1.0 158.4
z 0.0 0.0 1.0 1659

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 lo a coverage
probability of approximately 95%.

" The uncertainties uf NomX.Y, ? do not affest the E- iuaid unt:!sr{'llm*,I inside TSL (ses Pages 5 and 6}

® Numarical li inty not rea
" Uncertainly is detemmined using the max, devialion from linear response applying rectangular distrivution and s exp d for the square of Ihe
fiald value.
Gertificate No: ES3-3225_Jan13 Page 4 of 11
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ES3DV3- SN:3225

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3225

Calibration Parameter Determined in Head Tissue Simulating Media

January 10, 2013

Relative Conductivity Depth Unct.
| T{MHz) e Permittivity " (Simy) F ConvF X | ConvFY | ConvFZ | Alpha (mm} (k=2)
750 419 0.89 5.56 6.56 656 | 042 | 154 | £120% |
900 415 0.97 618 | 619 619 | 043 | 152 | +120%
1810 400 1.40 5.35 5.35 535 | 063 | 139 | +120% |
1950 40.0 1.40 5.09 5.08 509 | 00 | 123 | s120%
2450 39.2 180 4.65 4.65 465 | 061 163 | £120%
2600 30.0 1.96 443 443 443 | 080 | 132 | £120%

“ Frequency validity of = 100 MHz only appties for DASY vd.4 and higner (sse Page 2), eise Il is restricted 16 + 50 MHz. The uncertainty is the RSS

n ihe ConvF imcenainly al calitvation frequency and the uncerainty for thi inds ceted frequency band.
" At trequencies balow 3 GHz, the validily of lissue paramalers (s and o) can be relaxed la + 10% I liquid compensation formula is appled 1o

measursed SAR vaiues. Al frequencies above 3 GHz, the validily of fissue parameters (v and ) is restricied 1o £ 5% The uncerainty is Ihe RSS of

thet ConvF uncertainly for indicated target lissus parameters

Cerlificate No: ES3-3225_Jan13
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3225

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth Unet,
| t(MHz}® | Permittivity" (sim)" ConvFX | ConwFY | ConvFZ | Alpha | (mm)  (k=2)
750 | 555 0.96 627 | 627 | 627 | 048 | 151 | 120 q?‘
800 55.0 1.06 6.12 6.12 G6.12 073 1.25 +12.0%
1810 | 533 152 5.04 5.04 504 | 057 | 147 | $120% |
1950 53.3 1.52 | 4.94 4.94 4.94 0.58 1.50 +12.0%
2450 52.7 1.95 4.35 4.35 4.35 070 1.16 +12.0%
2600 52.5 2.18 411 411 411 | oer | 099 | £120% |

" Frequency validity of £ 100 MHz only applies for DASY va.4 ana higher {see Page 2), sise i is restricted to + 50 MHz. The uncerainly is the RES
of e ConvF uncertainty & calibration frequency and Ihe unceralnty for the indicated frequency band

" Al lrequencies below 3 GHz, the vaildily of Ussue parameters {c and o) can be relexed 1o & 10% o liguid compensation fermula s apphed 1o
measured SAR values. Al frequencies above 3 GHz. the validity of issue parameters (i and o) is restrcted io £ §%. The uncartainly is the RSS of
the ConvF uncertainly for indicated target lissue paramatirs
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ES3DV3- SN:3225

Y
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E

requency response (nommalized
o o -
s -] w
i N | T

January 10, 2043

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

06| 3
05 :. I 1 i fi_-il — 1 L L L |
0 500 1000 1500 2000 2500 3000
f [MHz]
= »
e Rz
Uncertainty of Frequency Response of Efield: £ 8.3% (k=2)
Certlificate No: ES3-3225_Jan13d Page 7 of 11
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Error [dB]

Cerlificate Mo: ES3-3225 Jan13

January 10, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

&
<@

Tet X

b

f=1800 MHz,R22

&
=@
N@

Rc:l} 1

1500 MHz

2500 WHz

Uncertainty of Axial Isotropy Assessment: % 0.5% (k=2)
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January 10, 2013

Dynamic Range f(SARc.q)
(TEM cell , f = 900 MHz)

3
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w
=
o
i
e i cakha bl iz 'I S 1L )
10+ 10 10° 10 10¢
SAR [mW/em3]
& ®
not compensated compensated
2
1=

o

£, i h j

5 0 T =

w 3 ¥

-
L, L5 ; i iy it
10 10 109 100 102
SAR [mWrem3] N
....... Lol
not compensateu compensated
Uncertainty of Linearity Assessment: * 0.6% (k=2)
Cerificate No: E53-3225_Jan13 Page 9 of 11
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Conversion Factor Assessment

f = 800 MHz WGLS RS (H_convF) f=1810 MHz, WGLS R22 (H_convF)
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= e

s | #1

Wk R

1 Do reauivel

Deviation from Isotropy in Liquid
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3225

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (%) 83|
Mechanical Surface Detection Mode enabied |
Optical Surface Detaclion Made disabled |
“Probe Overall Length 337 mm
Probe Body Diameter 10 mm
: Tip Length 10 mm
Tip Diameter i B T amm |
Probe Tip to Sensor X Calibration Point - 2mm
Probe Tip to Sensor Y Calibration Paint ) 2mm
“Probe 1_‘ip o Sensor Z Calibration Paint 2mm
Recommended Measurement Distance from Surface Imm
Certificate No: ES3-3225_Jan13 Page 11 of 11
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Calibration Laboratory of
Schmid & Partner
Enginearing AG

Zoughausstrases 43, 8004 Zurich, Switzerland

§ Schweizerischer Kallbrierdienst

c Service suisse ddlalonnage

g Servizio svizzers di taratera
Swiss Calibration Service

Mceredbed by the Swiss Actreditalion Sorvics [S343) Accreditation Ne.: SCS 108
Tha Swiss Accreditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerificates

Glient mﬂ“@“ﬁﬁ:ﬂ%ﬂﬂiﬁﬁ?ﬁ e

cuticns ol EX3-3548 Jant3

'CALIBRATION CERTIFICATE

e

Calibration procecures) ::Gﬁm_rﬁi‘dﬂ QA CAL14.v3, Q&Cﬁ.{rZ‘?Wrm GﬁL 25 ’-’4
:C‘ahhraf.lor'i' ;fmnadu_ 'fmdﬁmmetmaﬁahi pmbas ;

Thiz caibration carlificate decuments the traceabsdity 1o nabonal stendards, which realze tha physical units of maasurements (51),
The mesasuraments and the uncenantisg with confidence pobabidity ae given an ihe following pages and are pan al the cerlificale.

Alf calibrations have boen conrdusted in the dased laborsony Tacilty: anviraremen sempesalune (22 ¢ 3)7C and humidily © T0%.

Calibeation Equipmant used (METE citizal foe aadhration)

Primary Standarss 10 Cal Date {Cenificate Mo} Schaduled Caliboalion
Porar mater E44138 GB412056T4 29-har-12 (Mo, 297-01 5080 Apr-13
Powar sansor E44 728 kY4 1SER0ET Z8-Mar-12 (Mo, 217-01508) Apr-13
Roference 3 dB Aflanuson Sh: 55054 {3c) ET-Mar-12 (Mo, 217-01531) Apr-13
Rafarence 20 d8 Altenualar S SE0EG (206) ZE-Mar-12 (Mo, 217-01529) Apre13
Hafarencs 30 4B Allenualar Sh: 55129 {308 ZF-Mar-12 (Mo, 217-01532) Apr-13
Raference Probe ES30W2 SN 33 28-Oec-12 (Mo ES3-3013_Owc1d) [hec-13
DAEd SN GED Al-Jun-12 Mo, DAES-EE0_Juni1d) Jun-13
Spcondary Standards I Cheack Dade in houss) Sc_hg.lla»d Chack
EF geneatar HP BE4EC LIS354 200000 A-Mug-E jin house chack Ap-11; In housa check: Apr-i3
tebaork Analyzer HP ATEIE LIS37 350585 AB-0t-01 {in howse chach Oct-17) In house check: Oot-13
Mame ~ Functien Shnaiure |
Calibrated by ik e sty i el A
Appreved by

Issued: January 15, 2013

This calibration cectifizate shall nat bs reproduced sacepl in full wilhout witten apgroval of 1h labarstony

Cerificate Mo EX3-3548_Jani3 Page 1 of 11
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ca"hrlaﬂa“ Laboratory of g Schweizerischer Kafibrisrdienst
Schimid & Partner @ Service suiss détalonnage

Enginsaring AG Sorvizio avizzero di taraturs

Zeughaussirases 43, 5004 Zurich, Switzerland S Swiss Calibration Sarvice
Accredited by 1he Swise Accreditation Service (SAS) Accreditation Mo SCS 108
The Swiss Accreditation Service is one of the signatores to the EA
fultilateral Agresment for the recognition of calibration cerfificates
Glossary:
TsL tizaue simulating liquid
MORMY, 2 sensitivity in free space
ConvF sensitivity in TSL F NORMzx,y.z
DCFP diade compression point
CF crest fector (duty_cycle) of the RF signal
AR CD modulation depandsnt linearzation paramaters
Polanzabion « o rotatian amound probe axis
Polarization # & rotation araund an axis that is in the plane normal to probe axis (3t messurement center),

i, 8 =40 s normal 1o probe axis

Calibration is Performed According to the Following Standards:

&) IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-tweraged Specific
Absorplion Rate (SAR) in the Muman Head from Wireless Communications Devices: Measursment
Tachniguas", December 2003

by IEC 6220%1, “Procedura lo maasura the Spacific Absorption Rate (SAR) for hand-held devices used in close
presimity to fhe ear (frequency ranga of 300 MHz to 3 GHz)", February 2005

Hnthuds Applied and Interpratation of Parameters:
NORMx,y,z. Assessed for E-field polarization % = O (f = 900 MHz in TEM-cell; = 1800 MHz: R22 w'a'.-eguld&;
MORMzx, v,z are only intermediate values, i.e, the uncertainties of NORMx,y,z dogs not affect the E “field
uncartamiy inside TSL (ses below CormeF).

s NORMTE k2 = NORMY v 2 * frequency_responge (ses Freguency Response Charl). This linearizaiian is
implermented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inchudet
i the stated uncertainty of ConuE.

«  DCPy 2 DCP are numerical lingarization parametars assessed based on the data of power sweep with CW
signal [no uncertainty required). DCP does not depend on frequency nor media.

e PAR:PAR is the Peak to Average Ratic that is not calibrated but determinad basad on the signal
charectensiics

¢ Aw i BeyE Cx .z ODwy oz VRx 2 A B, C, O are numerical ineanzation paramelers assessed based on
the data af power swaap for specific modulation slgnal. The parameters do ol depend on fregquency nar
madia. ¥ s the maximum calibration range expressed in RMS voltage across the diode,

s ConwF and Boundary Effect Parameters: Assessed in flat phaniom using E-field {or Tempersture Transfer
Standard for f = 800 MHz) and inside waveguide using anslviical fiald distributions based on powsr
measuraments for f > 800 MHz, The same setups are usad for assessment of the parameters applied for
boundary compansation {alpha, depth) of which typical unceriainiy values are given. Thasa parameiars are
used in DASYA software to improve probe accuracy close to the boundary. The sensitivity in TSL corres ponds
to MORME, ¥, 7 * ConvF whereby the uncentainty comesponds to that given for Conel. A frequency dependent
ConwF is used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz to £ 100
bz,

= Spherdcal isofropy (30 deviation from isctrooy); ina figld of low gradients realized using a flat phantom
exposed by a patch antenna,

& Sensor Offsef The sensor offsel correspoands (o the offsel of vitual measurement center from the probe tip
{an probe axis). Ma olerance raguired.

Cerificaie Mo: EX3-3548_Jani3 Fage 2of 11
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EX3V4 — SN:3548

Probe

SN:

Manufactured:
Calibrated:

35438

Janvary 15, 2013

=X3DV4

November 16, 2004
January 15, 2013

Calibrated for DASY/EASY Systems

[Mote: non-com patiala with DASY2 syataml)

Cerificate Mo EX3-3548_Jant3 Page 3 of 11
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EX30V 4 SNI354E

January 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3548

Basic Calibration Parameters

| Sensor X Sansor ¥ I SensorZ Une (k=2]
Norm (v Vim )y 038 0.44 | 043 101 %
[ DCP (my)y" 103.2 d45.0 | 98.7
Modulation Calibration Parameters )
uiD | Communication System Mames A E | & | B | we Hnet
! dB | dBviv | T {k=2)
O Cw x 0.0 0.0 1.0 (.00 IEREEEEES
N £ e By TR
z 0.0 0.0 10 IREEEE

The reportad uncertainty of measurement is stated as the standard uncertainty of measureament |
multiplied by the coverage factor k=2, which for a normal distribution corrgsponds 1o & coverage

probability of approximately 95%.

“ The uncenanties of Mem, ¥ Z do nol affect the E*-fald uncertainty insite TSL (269 Feges & and &)

Mumarical linaarization paameder uncadanby ot required

 Lneectainty & determined uaig the max devaton from [near resporse apphying rectanguiar distribution and is exprassad for the squars of the

faale wahie,

Corificale Mo EX3.3548_Jan13
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Author Data

Andrew Becker July 02 —August 15, 2013 RTS-6046-1307-42 | LEBARFW120LW

Dates of Test Test Report No FCCID:

EX3DV4- SNE545 Jameary 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3548

Calibration Parameter Determined in Head Tissue Simulating Media

" Relative | Gonductivity | | 1 [ Depth Unct.
CfHE S | Peemittivity” | (Simp” ComvF X | ConvFY | ComvFZ | Alpha | fmm) | (k=2
- z600 30.0 1.96 7.15 7.15 715 | 047 | 086 | £120%
i 5200 36.0 | 4,65 513 513 5.13 I (.40 1.80 131 %
5500 356 | 486 479 a7 | a70 | 040 | 180 | 2131%
5800 ____}_fl-ﬁ_.____.j..._...e‘a-.??.-.....?. _AES 461 I 461 045 | 180 | £131% |

L Frequency wabdity of + 100 MHz onfy apples for DASY w4 and higher (28 Page 2. alss | is restricled 1o £ 50 MHz, The mneempinty is the RES
o tha Comd uncarfainty # calibrsticn fmguancy and fhe uncarainky for e indicated Faguancy band.

" AL frequencies below 3 Gz, tha validity of tsswe parameders Jc and o} can be ralased to £ 105 if Bquid compansetion formua is applied o
megsured SAR values. A frequancies sbove 3 GHz, tha valdily of lissue parsmalars iz and o) is restrictad 1o = 5%, Tha unceraicty is e BSE of
the CondF unianainly for indicated danged issus paramelers

Cartificale Mo: EX3-3545_Jan13 Paga 5al 11
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Author Data
Andrew Becker

Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

EXIDVE- SNE548

Jamsary 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3548

Calibration Parameter Determined in Body Tissue Simulating Media

! Ralative Conductivity Depth Unct.
f(MHz)® | Permittivity " {Shm) " ConvF X | ConvFY | ConvFZ | Alpha | {mm) {k=2}
2600 52.5 216 | 708 708 .08 .80 050 | £120%
3200 44.0 5.30 4.68 4.68 4.68 0.52 1.90 £13.1% |
2500 48.5 5.65 415 415 415 0.52 1.90 . 131 %
5800 4.2 5,00 4.19 4.18 419 | 080 | 190 i +13.1 %

“ Frequency validity of £ 100 MHz only epples for DASY i 4 and higher (see Page 2], ete i s resiricled 1o £ 50 MHz. The uncarignty & the RSS

of the ConeF pnosrtainty ot calibrtion frequeancy and the uncedainty for the indizsed frequency and

Al frequencies below 3 GHe, the valldity of tesue perameters (e and o] can be ralamed o + 100% if hquid compansaton formua is applied 10
measured SAR values, Al frequencies abave 3 GHz, the veldity of issue parameters (v and ) is restricted 1o £ 5%, The uncerbaingy is the RSE of

e ConyF uncenainty for indicarled lerget tissue parameters

Certificate Mo EX3-3548_Jan13
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ExX30NVd— SM:3048

danuary 13, 2013

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

1.5

1.4

13

Frequency response (normalized)
o
Y

0 500 1003 1500

£ [MHz}
e

Uncertainty of Fraquency Response of E-field: ® 6.3% (k=2)

Cerificate No: EX3-1548_Jan13 Page 7 af 11
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Author Data
Andrew Becker

Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

EXRI0V4- BH 5548

=600 MHz, TEM
m
1% 4
i@
L G4 00 Db
B ] ]
Ted X L z
1155 v emmm i sem B s s i ............
g |
I :
05 :
o - - 1 |
150 - 101 A0
& &
:.mT!u -',:-'ﬂ?i—:

January 15, 2013

Receiving Pattern (¢), 9 = 0°

f=1800 MHz R22
E o # o
Ted X ¥ z

20

T 'JI ¥l

Ll
Ral 7]

110 140

Uncertainty of Axial |sotropy Assessment: ® 0.5% (k=2]

Certificate Moo EX3-3348_Jan13
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July 02 —August 15, 2013 RTS-6046-1307-42 | LBARFW120LW

EX3ONG- Sh3548

Dynamic Range f(SAR}c.q)
(TEM cell , =900 MHz)

3 [

Signal L]

=l

Irvprit

16 i 10 1a 10 1

SAR [rWizmd]

g ok L
- A —t & --l'l"‘
L
102 10! Ll 100 e 0%
EF«R [mbAifermed] .
LA LE|
it Comipen sated Compansatn
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cordificate No: EX3-3548_lani3 Page 9 of 11
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EX30V4- SN3548 Jamgang 15, 2045

Conversion Factor Assessment

f= 2600 MHz WGELS R22 (H_comF) f= 2600 MHz, WELS R22 {M_cornF)

EaR [Wiapiiv
AR P A

a A

I 3 3
W eakared

NS

armsyicat

Deviation from lsotropy in Liguid
Error (&, 8), f =900 MHz

Deviaion

«10 -0& 08 -04 -02 00 02 0.4 0.6 ng 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

Ex30V4- SN:3h48

Jamuary 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3548

Other Probe Parameters

Sensor Arrangermant _mla_r
| Connector Angle (%) -T2
| Mechanical Surface Detection Mode enabled

Optical Surface Detection Mode B “dizabled

Probe Owverall Langlh 337 mm
[ Brobe Body Diameter 10 mm
{ Tip Langth Tamm |
| Tip Diameter 25 mm

Probe Tip to Sensor X Calibration Point 1 mm

Probe Tip to Sensor ¥ Calibration Folnt ) . 1 mim
[Frobe Tip to Sensor 2 Callbration Paint T 1 mm

' 2 rmm

| Recommended Measurement Distarce from Surface

Cenficale Mo EX3-354%_Jan13
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Andrew Becker July 02 —August 15, 2013 RTS-6046-1307-42 | LEBARFW120LW

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibrstion certificates

Client

RTS (RIM Testing Services)

Schweizerischer Kalibrierdgienst
Service suisse d'efalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: D835V2-446_Jan13

|[CALIBRATION CERTIFICATE

Objact

Calibration procecue(s)

Callbration date:

DB35V2 - SN: 448

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

January 07, 2013

Calibration Equipment usea (MATE critical for calibration)

This calihration cerificate documeants the Iraceability to naticnal standards, which realize the physical units of measurements {S1)
The measurements and Ihe uncartainties with confidence probabillty are given an the follewing pages and are part of Ihe certificate.

All calibrations have besn conducted in the dosed laboratony facility: environmant temperature (22 = 3)°C and hurmidity < 70%.

Primary Standards o # Cal Date (Certificate No.} - Schedutad Calibration
Power meter EPM-442A GBITAB0704 D1-Mow-12 (No. 217-01640) Oct-13
Power sersor HP B481A LS37282783 01-MNowv-12 [No. 217-01640) Oct-13
Relarence 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 {Mo. 217-01530) Apr-13
Type-N mismatch combination SN 50473/ 06327 27-Mar-12 (Ma. 217-01533) Apr-13
Reference Probe ES30VA SN: 3205 28-Dec-12 (No. ES3-3205_Dect?) Dec-12
DAE4 SN: 601 27-Jun-12 (No, DAE4-601_Jun12) Jun-13
Secondary s 10 # Cneck Date {in house) Scheduled Chack
Power sensor HP BA481A MY41092317 18-0ct-02 (in house chieck Oci-11) in'house check! Oei-13
RE generator RAS SMT-08 100008 04-Aug-99 {in house chesk Oct-11) In housa chack: Oct-13
Nelwark Analyzer HFP 8753E US37390685 S4208 18:0c1:01 (in housea check Oc1-12) In nouse chack: Oct=13
MName Function Slgnatura
Calibrated by: Lait Klysnar Laboratory Technician e
Jg%z 2T
v
Approved by: Katja Pokowe. Technical Manager )_ s =y
oG s

Issved: January 8, 2013

This calibration cerificale shall not be reproducad except in lull without written approval of Ihe laboratory.

Certificate No: DB35V2-446_Jan13
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Author Data Dates of Test Test Report No FCC ID:
Andrew Becker July 02 —August 15, 2013 RTS-6046-1307-42 | LEBARFW120LW
Calibration Laboratory of s, Schweizerisch i
. N ol ischer Kalibr
Schmid & Partner iﬁ: “I\“H‘:’/E! !E —E": Service suisse d'élalannage
Enginesring AG TS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 544//5\‘\“1‘\-3“ Swiss Calibration Service
T T
Accredited by the Swiss Accrediiation Service (SAS) Accreditation Na.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Glossary:

TSL tissue simulating liquid

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

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

b)

c)

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

SAR measured: SAR measured al 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%.

Cartificate No: DB25V2-448_Jan13 Page2of B
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Andrew Becker July 02 —August 15, 2013 RTS-6046-1307-42 | LEBARFW120LW

Measurement Conditions

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

DASY Version DASYS V52,84
Extrapolation Advanced Extrapolation

Phantom Modular Flal Phantom

Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 835 MHz = 1 MHz

Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0"C 41.5 0.90 mho/m
Measured Head TSL parameters (22.020.2)°C 420+6% 0.92 mho/m £6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL

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

SAR measured 250 mW input power 2.38 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 9.38 W/kg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measured 250 mW input power 1.55 W/kg

SAR for nominal Head TSL parameters normalized to 1W 6.13 W/kg = 16.5 % (k=2)

Centificate No: DB35Y2-446_Jan13 Page3of 6
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Appendix
Antenna Parameters with Head TSL
impedance, transformed 1o feed point 50.1 Q- 6.5 2
Return Loss -23.7dB

General Antenna Parameters and Design

Etectrical Delay (one direction) 1.385 ns

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

The dipole |s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna 1s therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole amms in order to improve malching when loaded according 1o the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on Qctaber 24, 2001
Cartificate Mo: DB35V2-446_Jan13 Page 4 of §
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DASY5 Validation Report for Head TSL

Date: 07.01.2013

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 446

Communication System: CW; Frequency: 835 MHz

Medium parameters used: { = 835 MHz; 0 = 0.92 S/m; & = 42; p = 1000 kg!m"
Phantom section: Flat Section

Measurement Standard: DASY S (IEEENEC/ANS] C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.05, 6.05, 6.05); Calibrated: 28.12.2012;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
s Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001
« DASY5252.8.4(1052); SEMCAD X 14.6.8(7028)

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

Reference Value = 56.650 V/m: Power Drift =0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(I g) = 2.38 W/kg; SAR(10 g) = 1.55 W/kg

Maximum value of SAR (measured) = 2.79 W/kg

0dB =279 W/kg = 4.46 dBW/kg

Certificate No: D835V2-446_Jan13 Page 5 of 6
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Impedance Measurement Plot for Head TSL

7 Jan 2813 13:82:22
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= - AW
Callbratlon Laboratory of ‘_:\":M\h\if/j’:"/,; Schweizerischer Kalibrierdienst
Schmid & Pariner iE“ ““H—r-’EE’ Service suisse d'élalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland et f/,':\‘\-\\.‘} Swiss Calibration Service
LMy
Aceredited by 1he Swiss Actreditation Service (SAS) Accreditation Ne.: SCS 108
The Swiss Accreditation Service is one of the signatories fo the EA
Tl I Ag it for the gnition of calibration cettificates
client  RTS (RIM Testing Services) Certificate No: D1900V2-545_Jan13
Ulject D1900V2 - SN: 545
Callbration procedures) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibralion date: January 09, 2013
This calibration cenilicate documents Ihe traceabilily 10 national standards, which realize the physical units of measurements (51},
The measurements and the uncenainties with confidence probabiiity are given on 1he tollowing pages and ara pan of the ceriticale.
All callsrations have been conducted in the closed lataratory facilty: anvironment temperatuie (22 = 3)°C and humidity < 70%.
Calibration Equipment used (MATE criical for calibration)
Primary Standards 1D & Cal Dala (Coedificats No.) Scheduled Calibration
Powar matar EPM-4424 GBI7480704 01-Nay-12 (Na. 217-01640) Qet-13
Power sensor HP B481A 1837292783 01-Nov-12 (Ne. 217-01640) Oer-13
Raference 20 dB Attenuater SN. 5058 (20k) 27-Mar-12 (Me. 217-01530) Apr13
Type-N mismatch combination SN 5047.3/ 08327 27-Mar-12 (Mo, 217-01533) Apr13
Reterence Probe ES3DV3 SN 3205 28-Dac-12 (Mo, ES3-3205_Dect2) Dec-13
DAE4 SN: 601 27-Jun-12 (No. DAE4-601_Jun12) Jun-13
_Seconnary Standards 1023 Check Date (in house) Seheduled Check B
Power sensor HF B481A MY41082317 18-0c1-02 {in house chack Oct-11) In house check: Oct-13
RF genarator R&S SMT-06 100005 04-Aug-99 (in house check Ocl-11) In house chack: Ocl-13
Network Analyzer HP B753E US373290585 S4206 18-0ct-01 (in house check Oct-12) In houss check: Ocl-13
Mame Function Signature
Calibrated by Israe El-Naoug Laboratory Technician ( ] (7
e Gl
Appraved by Katja Pokavic Technical Manager .
e e 2
Issued: January 8, 2013
This calibration cenificate shall nol be reproducad except In tull withaul wrilten approval of the laboraiory ]
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Calibration Laboratory of S,

\ Sa 7 S 5 izerischer Kalibrierdi
Schmid & Partner o = c Service suisse d'étalonnage
Engineering AG ey Sarvizio svizzero di taratura
’ g s i
Zeughausstrasse 43, 8004 Zurich, Switzerland % ’,/;:\\\s" S swiss Galibration Service
"l
Aceredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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 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 Radiotrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end

of the certificate. All figures stated in the cenrificate are valid at the frequency Indicated.

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

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.

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 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 caverage 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 not given on page 1

DASY Version DASYS V5284

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1800 MHz + 1 MHz

Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0£0.2) °C 39446 % 1.38 mho/m = 6 %

Head TSL temperature change during test <0.5°C - -

SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW inpul power 10.0 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

40.2 Wikg £ 17.0 % (k=2)

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

condition

SAR measured

250 mW inpul power

5.26 Wikg

SAR for nominal Head TSL parameters

normalized to TW

21.1 Wikg = 16.5 % (k=2)

Caertificate No: D1900V2-545_Jan13
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed point 51004178
Return Loss -34.3 dB

General Antenna Parameters and Design

Electrical Delay {one direction) | 1,198 ns

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

The dipole is made of standard semirigid coaxial cable. The centér conducior of the feeding line is directly 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 added to the dipole arms in order to improve matching when loaded according to the position as explained in the
‘Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
teedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 15, 2001
Certificate No: D1800V2-545_Jan13 Page 4 of 6
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DASYS5 Validation Report for Head TSL

Date: 09.01.2013

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: DI900V2 - SN: 545

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: I'= 1900 MHz; o = 1.38 S/m; g = 39.4: p = 1000 kg}’m"
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.98, 4.98, 4.98); Calibrated: 28.12.2012:
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e« Electronics: DAE4 Sn601:; Calibrated: 27.06.2012
s Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0AA; Serial: 1001
«  DASYS52 52.8.4(1052); SEMCAD X 14.6.8(7028)

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

Reference Value = 95.493 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.1 W/kg

SAR(1 g) =10 W/kg; SAR(10 g) = 5.26 W/kg

Maximum value of SAR (measured) = 12.2 Wikg

Ll .12.00

e -16.00

-20.00

0dB =122 W/kg = 10.86 dBW/kg
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Test Report No

—August 15, 2013 RTS-6046-1307-42 | LBARFW120LW

FCC ID:

Impedance Measurement Plot for Head TSL
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Calibration Laboratory of g s ischer Kallbr
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurlch, Switzerland S swiss Calibration Service

Accredited by the Swiss Accreditation Sanvce (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedura(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physi

The maeast

Accreditation No.: SCS 108

1

and the ur

with confi

units of meast (31
probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboralory facility: emiaronment tlemperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical lor calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-442A GB37480704 05-0ct-11 (No. 217-01451) Oct-12
Power sansor HP B4B1A Us3arzezre3 05-0ct-11 (No. 217-01451) Oct-12 |
Aeference 20 dB Atenuatar SN: 5086 {20g) 29-Mar-11 (No. 217-01368) Apr-12
Type-N mismaltch combination SN: 5047 2 ( 06327 28-Mar-11 (Mo. 217-01371) Apr-12 |
Reference Probe ES30V3 SN: 3205 28-Apr-11 (No. ES3-3205_Apr11) Apr-12 |
DAE4 SN e O4-Jui-11 (No. DAE4-601_Jul11) Jul-12

|
Secondary Standard DN Check Date (in house) Scheduled Check
Power sensor HP B481A MY410892317 18-Oct-02 (in house check Oct-11) In house chack: Oct-13
RF generator R&S SMT-06 100005 04-Aug-99 (in house check Oot-11) In house check: Oct-13
Network Analyzer HP B7S3E US37390585 S4206 18-0ct-01 (In house check Oct-11} In house check: Oct-12

Name Function
Calibrated by Jotor Kastall o 5
Approved by: Kaija Pokovic -
¥ T4
Issuad: November 9, 2011

Thig callbration certificate shall not be reproduced except in _full witthﬂ_wrﬂlen approval of the laboratory
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Andrew Becker July 02 —August 15, 2013 RTS-6046-1307-42 | LEBARFW120LW
Calibration Laboratory of s\-“f“l'.'ﬁ"‘f-,,_, g  Schweizerischer Kallbrlerdienst
Schmid & Partner % G Service suisse détalonnage

Engineering AG A Servizio svizzero di taratura

Zeughaussirasse 43, 8004 Zurich, Switzeriand fv,f“f;\\‘;‘@ S swiss Calibration Service
Accredited by the Swiss Accreditation Sarvice {SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag tor the Ition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivily in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

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

IEC 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 OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

Feed Point Impedance and Return Loss: These paramelers 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.

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

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

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

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

Certificate No: D2450V2-747_Now11 Page2c0l 6
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Measurement Conditions
DASY system configuralion, as far as not given on page 1.

DASY Version DASYS v52.6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220+02)°C 377 +6% 1.84 mho/m + 6 %
Head TSL temperature change during test <05°C wman e

SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

13.8mW /g

SAR for nominal Head TSL parameters

normalized to 1W

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

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.33mW (g
SAR for nominal Head TSL parameters normalized to 1W 253 mW /g = 16.5 % (k=2)

Certificate No: D2450V2-747_Novi1
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July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

525Q+13jQ

Return Loss -31.2dB
General Antenna Parameters and Design
Electrical Delay (one direction) | 1.161 ns

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

The dipole Is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second am of the dipole. The antenna is therefore short-circuited for DC-signals.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

December 01, 2003

Certificate No: D2450V2-747_Nov11
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DASYS5 Validation Report for Head TSL

Date: 09.11.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 747

Communication System: CW: Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = |.84 mho/m; & =37.7; p = 1000 kg,fm‘
Phantom section: Flat Section

Measurement Standard; DASY S (IEEE/IEC/ANS] C63.19-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205: ConvFi4.45, 4.45, 4.45); Calibrated: 29.04.201 |
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 04.07.2011
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
«  DASYS52 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 102.1 V/m; Power Drift = 0.04 dB

Pcak SAR (extrapolated) = 28.853 Wikg

SAR(1 g) = 13.8 mW/g; SAR(10 g) = 6.39 mW/g

Maximum value of SAR (measured) = 17.782 mW/g

5,00
19.80
15.00
2000
7500
0dB = 17.780mW/g
Cerificate No: D2450V2-747_Nov11 Page 5 of 6 -
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Impedance Measurement Plot for Head TSL
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Dates of Test

July 02 —August 15, 2013

Test Report No

RTS-6046-1307-42

FCC ID:

L6ARFW120LW

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zpughaussteasse 43, 8004 Zurich, Switzeriand

Accredited by the Swiss Accreditation Serdce (SAS)
The Swiss Accreditation Service is ane of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates

Clienit

GEE T

Schwelzerischer Kallbrierdienst

Servizlo svizzero di laralura

S
c Serviee sulsse d'étalannage
S swiss Callbration Service

Accreditation Ne.: SCS 108

caruticate No: DEGHZV2-1033_Nov11

CALIBRATION CERTIFICATE

Dinjact

Calibration date.

Calibrasion procesure(s)

D5GH2V2 - SN: 1033

QA CAL-22.v1

Gu!hraﬂmwﬂﬁdjmlwdbﬂbﬂmmm&ﬁ GHz

November 15, 2011

Thiz calibration cericate documents the raceability 13 national slandands, which realize the physical unils of measurements (51,
The measwaments and the uncaraintes with confidence probability are given on the following pegas and are pam of the cenlifcate,

AR calibrations have besn conductad in the closed aoaratony facility: enviroament temperatune (22 + 3)°0 and humidity < 70%.

| Galibrasion Equiprnent usad (MATE critcal for calibration}

| Prmary Standards

D w Cal Dale [Cerficate Ma.} Seheduled Calbration |
Power meter EPM-2428 GEITI80T(: 00t (Mo, 217-01451) Oict-12 |
| Powesr sansor HF BAB1A US3r2027a3 05-0ct-11 {Mex, 217-0H481) Qct-12 |
| Reference 20 dB Attenualor SN S0BE [20g) 29-Mar-11 (M. 217-01 368} Apre12 |
Type-M mismalch comibination SN 50472/ DE3ET 29-Mar-11 (Mo, 217-1 371} apr-12 |
| Reference Probe EX3DV4 Sh: 3503 O-har-11 (Mo, EX3-3503_Mar 1) Mar-12
| DAE4 SN: B0t Teb=Jul-1 1 (Mo, DAE&-601_Jult1) Jul-12
Sacondary Standards D& Chack Date {in house) Schadulad Check
Powear sansor HF B4d1A MY 41092317 18-0ct-02 {in house check Det-11) In house chack: Dct-13
RF genarator R&S5 SMT-06 100005 (4 -Aug-98 (in house chack Oct-11) In howuse check: Oct-13
Network Anslyzer HP B753E US3P300585 54208 18-0ct-07 {in house check Oct-11) In house check: Oct-12
Marma Funclian Signatune
Calibrated by: Dimece ey, Laboratory Techrician @r:E, s
Approved by: Kitja Pokovio Tachalcal Menager

This calibration certificate shall nat be reproduced except in full without written approval of he labaratary.

Pz

lssuad: Mawimbar 16, 2011

Certificate No: DSGHzV2-1033_MNovi1
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizeero di teralura
Swiss Calibration Service

Accraditad by the Swiss Accredilation Servce (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service s one of the signaiories fo the EA
Muiltliateral Agreement for the recognition of calibration cerlificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
M/ 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) 1EC 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 OET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Maobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:

d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« Feed Point Impedance and Return Loss: These parameaters are measurad 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 Retum Loss ensures low
reflected power. No uncertainty 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
connector.

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

Canificate No: D5GHzV2-1033_Nowv11 Fage 2 of 8
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Measurement Conditions
[?.ﬁ.s‘f system configuration, as far as nol given on page 1.
DASY Version DASYS VE2.6.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0 -
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx. dy = 4.0mm, dz = 1.4 mm

Graded Rallo = 1.4 (Z direction)

Frequency

5200 MHz + 1 MHz
5500 MHz + 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The faliowing paramelers and calculations ware applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 36.0 4,66 mho/m
Measured Head TSL parameters (22,0 £0.2) °C MEL6% 4.45 mha'/m + & %
Head TSL temperature change during tes! < (.5 *C e -
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power BAG mW /g

SAR for nominal Head TSL parameters.

normalized fo 1W

B80.8 mW /g = 17.0 % (k=2)

SAR averaged over 10 em? {10 g) of Head TSL

condition

S5AR measured

100 mW input power

233mWig

SAR for nominal Head TSL parameters

normalized to 1W

23,0 mW /g = 16.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.6 4,96 mho/m
| Measured Head TSL parameters (22002 °C 3M2+6% 4.75 mha'm & 6 7%
Head TSL temperature change during test <0.5°C -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW inputl power B2 mW /g

SAR for nominal Head TSL parametars

normalized ta 1W

67.3 mW /g £ 17.0 % (k=2)

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

condition

SAR measured

100 MW input power

250 MW/ g

SAR for nominal Head TSL paramaters

normalized to 1W

24.7 mW /g £ 16.5 % (k=2)

Cartificate No: DSGHzV2- 1033 _Novil
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Head TSL parameters at 5600 MHz
The lollowing parameters and calculatons ware applied.
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220°C 5.2 5.27 mha'm
Measured Head TSL parameters {22002} °C 33T +6% 5.03 mhovm = 6 %
Head TSL temperature change during test =05°C - -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.03mW /g
SAR for nominal Head TSL parameters nomalized to 1W T84 mW /g = 17.0 % (k=2)
SAR averaged over 10 em” (10 g} of Head TSL condition
SAR measured 100 mWW inpul poswer 22amW /g
SAR for nominal Head TSL parameters nomalized to 1W 225 mW /g = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed 10 feed point 5110 -87 0

Raturm Loss -21.2 0B

Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed 10 feed point S5230-27TK

Relum Loss -258.2 dB

Antenna Parameters with Head TSL at 5800 MHz

Impedanca, transformed 1o feed paint 56T -4.30

Reatum Loss -22 6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.202 ns

Alter long term use with 100W radialed power, enly a slight warming of the dipole naar the fesdpoeint can be maasured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the

second anm of fhe dipole. The antenna is thersfore shori-circuited for DC-signals.

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

teedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 09, 2004
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DASYS5 Validation Report for Head TSL
Date: 15.11.2011

Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV - SN: 1033
Communication System: CW: Frequency: 5200 MHz. Frequency: 5500 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 6 = 4.46 mho/m; &, = 34.6; p = 1000 kg/m® , Medium parameters
used: T = 5500 MHz; o = 4.75 mhofin; & = 34.2; p = 1000 kg/m” , Medium parameters used: = 5800 MHz;

o = 5.03 mho/m; &, = 33.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/MEC/ANST C63,19-2007)

DASYS2 Configuration:

= Probe: EX3DV4 - SN3503; ConvF(3.41, 541, 5410, ConvFi4.91, 4.91, 4.91), ConvFi4.81, 481,

4.81); Calibrated: 04.03.2011
«  Sensor-Surface: 1dmm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.201 1
= Phantom: Flat Phantom 5.0 (front): Type: QDUDOPS0AA; Serial: 1001

« DASYSZ 52.6.2(482); SEMCAD X 14.4.5(3634)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,

dist=1.4dmm (8x8x7 ¥ Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1_4mm
Reference Value = 63.595 V/m: Power Dxift = 0.07 dB

Peak SAR (extrapolated) = 30,134 W/ikg

SAR(1 g) = 8.16 mW/g; SAR(10 g) = 233 mW/g

Maximum value of SAR (measured) = 18.725 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 66.819 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 35056 Wikg

SAR(] g} = 8.82 mW/g; SAR(10 g) = 2.5 mWig

Maximum value of SAR (measured) = 21.019 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,

dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm., dz=1.4mm
Reference Value = 62,220 Vim; Power Drift = (L04 dB

Peak SAR {extrapolated) = 33,743 Wikg

SAR( gy = 8.03 mW/g; SAR(10 g) = 228 mW/g

Maximum value of SAR (measured) = 19.463 mW/g
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0 dB = 19.460mW/g
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Impedance Measurement Plot for Head TSL
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