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Tarvics suisss dEEannEge

Engineering AG Sorvizio svizzers o taratura
Zeughaussirapse 43, 3004 Zurich, Switzeriand Srmiss Calibratian Servce
Az raditad Ery Ihe Swias Accrediialion Service (SAS) Accradtation Ne.: SCS 108
Thee Swiss Aocreditation Service is one of tha sigratories i the EA
Multiasteral Agresmant for the recognition of calbration certifiosios
Glossary:

TEL tissue samulsting liquid

WORM .z sanaltvity in free space

ComF senaitvity in TEL ! NORM:,y,

DCP diode compression poind

CF cresl factor {1duty_cycla) of the RF signal

A& B C maxdulation dependant linearization perametars

Pualarization p i rodation arpund probe axis

Folanzation & I rotation arownd an axis that is in the plane normial to probe sxis (80 messurament centes),

l.e, 8= 0l nofmal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE S4d 1528-2003, "IEEE Recommandad Practice for Detammining the Peak Spatial-Averaged Specilic
Absarplion Rale (SAR) i the Human Head from Wirelass Communications Devices: Measuremen
Techniques”, Decembar 2003

b} IEC G2208-1, "Procedure to massure the Specific Absoapdion Rale (SAR) Tar hand-held devices used in closs
prosimity to the aar (frequency range of 300 MHE ta 3 GHz)", Febrsry 2006

Methods Applied and Interpretation of Parameters:

= NORMx .2z Assessad for E-ield polasization 3 = 0 {f < 300 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MORM:,y, 2 are only intermediate values, Lo, the uncartainties of NORMx, v,z does not affect the Efield
uncerainty ingide TEL (see Below ConwF),

- NC'H'M#_'.IJ.y.z_ = NORM .z * fraguency_response (see Frequency Response Char), This linearization is
implementad in DASY4 software versions later than 4,2, The uncerlainty of the fraquency responss is included
in the stated uncartanty of ConvF.

= DCPx .2z DCP are nurmerical linaarization parameters assessed based on the data of powar sweep with CW
signal (no uneertainty requined]. OGP does not depand on frequency nor media.

* PAR:PAR is the Peak to Average Ratio that is nof calibrated bul determined based on the signal
charactaristics

o AxpE Bxyx Cuyz VARxy - 4 B Cam numarical inearization paramaters assessed basad on the data af
povnir Swerdp for specific modulation signal. The paramaters do not depend on frequency mor media, VE s the
maximum calibration range expressad in RMS voltage across the diode.

»  ComvF and Bowndary Effec! Parameters: Assessaed in flat phantom using E-field (or Temperature Tranafes
Handard for f £ 800 MHz) and inside wavaguide using analytical fiald distributions based on power
measuwrerments Tor > 800 MHE. The same sefups ars usad for assassmant of the paramaters applied for
Boundary cormpersalion (algha, depth) of which typical uncertainty values ere glven. These paramebens ame
wsed in DASYY software bo improve probe eccuracy closa to the boundary, The sansitivity in TSL comesponds
o NORMy p.z * Comv™ whareby the uncerteinty commaspands Lo that given for ConvF, A frequency dependant
ConwF e usad in DASY version 4.4 and higher which allows extending the validity from + 50 MHz 1o £ 100
MHz.

+  Sphencal sotropy (30 dewvisbon from (sotropy): in a field of low gradients realized using a fat phantom
axposed by B patch antenna.

= Sengor Ofsel The sensor offset comesponds to the offset of virtual measurement cender from the praobe big
{on probe axis). Mo tolsrance required.
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EX3DW4 - 5M:37E1 May 23, 2012

Probe EX3DV4

SN:3791

Manufactured:  February 18, 2011
Calibrated: May 23, 2012

Calibrated for DASY/EASY Systems

(Mot non-compalible with DASYZ systeml)
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EXADVA- B3T3 May 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3791

Basic Calibration Parameters

| Sansor X Sensor ¥ Sensor 2 Unc (k=2
Moemn iiam) " 0.5 0.58 0.55 +101%
DCP (mv)™ 1027 ] 105.2 .4
Modulation Calibration Parameaters ) )
Ui Communication System Mame PAR A | B [ VR T
. d8 | dB dB i (k=2]
a il 000 | x| o000 0.00 100 | 1600 | #9E%
Y | 000 0.00 1.00 1281
| T 0.00 w00 | 1208 |

The raported uncartainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corraspands o a coverage
probability of approximately 95%,

“mmu.rﬁawwv Imrn:-l uffect the E'-iuldmmuldem_tmpunuhnu Bl
d inwaripation

Mmrﬂrmdmmmmummﬂmﬁumlnurmmgmnguhrm and is axpressad for tha squam of e
Tioid vahue:
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EX3D0d— Sh:3781 May 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3791

Calibration Paramater Determined in Head Tissue Simulating Media

Ralative Candusciivity Depth Unet.

f(MHz1® | Parmittivity " isim) " ConwF X | CorvF ¥ | ConvFZ | Alpha | {mm} {k=2}
2600 | .0 1.86 637 6,37 &.37 0.33 1.00 +12.0%
3700 w7 312 592 5.2 562 | 084 | 101 | $131%
5200 J6.0 468 .80 4.80 480 036 1.80 +13.1%
| s3p0 | 359 478 4.53 4.53 451 | 035 | 180 | #131%
5500 58 4.96 4.50 45 | 450 | 038 | 180 | #131%
SE00 645 5.07 4.2 4.12 4.12 0.45 1.80 £131 %
5800 35.3 5.27 4.31 4.3 4,31 0,40 1.80 £13.1 %

© Frequaency validty of = 100 MHz only sppliss for ASY v 4 and bigher (ass Page 2), sise it is restricted o & 50 MHz. Tha urcartaity & tha RES
al the Gomd uncanainty at calibmiion feguency and the uacanainly for the indicated frequency band.

" At frequencits below 3 GHz, the valdity of lssse parsmstens (2 and of can b relamsd i £ 10% il compersaton formula s applied b
mapiyred SAR valpee, Al frequencies aboe | Gz, the valdity of issue paramesers (e and o) & metricied 2 2 5%, The uncaiainty & the RSS of
Ihiy Covref undartanty for ndicaled targel bssus parsmetens.
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EXIA0VA- BH:3731 May 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3791

Calibration Parameter Determined in Body Tissue Simulating Media

i Redative . l:|:|r|:lm:!1'|.|'u:|l Depth Unet,

f {MHz) Pormittivity i5imj * ConwF X | ComvFY | ComvFZ | Alpha {mm] {k=2}
2600 52.56 216 537 B.37 837 n.7a 050 +12.0%
e 1 Y A 1 .55 5.72 572 .72 0.33 1.34 +131%
5200 430 5.50 4.00 4.00 400 | 050 1.90 1131 %
G300 48.9 5.42 Ao arn 3.70 060 1.90 £13.1 %
| 5500 48.6 963 3.84 .84 3.64 0.55 1.90 131 %
SEDD 48.5 577 3.31 - < 5| 0.660 1.80 £131%
SEMD 46,2 6.00 RNy T | 3w 0,80 1.50 131 %

= Frequency validity of = 1mummywwmu4manmmm e il B resiricad 10 + 50 MHe. The unoerainky is The R5S
-ufihu ComeF uncertzinty at calbration frequency and the i Bard

A1 racpaenacien bk 3 GHE, 1Mvﬁldl;rnfmmhﬁlzﬂu]mbam“ﬂm: 0% F liguid compsnas@ion fomuks is spplisd o
maasured SAR values. Al Trequancies abova 3 GHz, he validity of sue parametens (c and of is resincled o £ B%. The uncerainty ks the RES of
thi CoreF wncanninty for indicatad 1argel lBees porsreslen,
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EX300d— SK:ATa1 Way 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3791

Other Probe Parameters

Sensor Arrangement Triangular
Connecior &ngle {*) GE.G
Mechanical Surface Datection Made enablad
Crplical Surface Detection Mode dizablad
Froba Crverall Langth 337 mm |
Probe Body Diametar 10 mm
Tip Length 2 mm
Tip Diarmeter 2.5 mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probs Tip to Sensor ¥ Calibration Poinl 1 mm
Prabe Tip to Sensor £ Calibration Paint 1 i
Recommended Measurement Distance from Surface 2 mm
Certificals Mo; EX3-3TH1_May12 Page 11 0f 11
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Calibration Laboratory of &i% Schwalzarischer Kalibeisedionst
Schmid & Partner Sarvics BuiEsR d#BIONnaGE
Engineering AG Sarvizio avizeers di taratura
Zeughausstrasse 43, 5004 Zusich, Twitzarland *%ﬂw& Swiss Calibration Ssrvice
Accredted by e Bwiss Accrediation Serdce (SAS) Accrediation Mo: SCS 108

The Swiss Accradilaticn Service is one of the signatories ta the EA
Multilaberal Agresmment lor the recognition of calibration certidicates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL / NORM x,y,z
MFA not applicable or not measuread

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

c) Federal Communicatiens Commission Office of Engineering & Technolegy (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Parable 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:

= Measurament Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures slated in the certificate are valid at the frequency indicated.

*  Antenna Parameters with TSL: The dipole is mounted with he spacer o position its feed
paint exactly below the center marking of the flat phantom section, with the arms oriented
parallel 1o the body axis,

s 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 Retum Loss ensures low
reflected power, No uncertainty reguired.

s Flactrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncartainty required.

=  SAR measured: SAR measured at the stated antenna inpul power.

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

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

The reported uncerainty of measurement is stated as the standard uncertainty of measurament
multiphed 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 syslam configuration. as far &s nod given an page 1.
DASY Version DASYS WE2.8.1
Extrapalation Agvanced Exrapaiation
Phantom Modular Flat Phartom
Distance Dipole Center - TSL 15 mri with Spater
Zoom Scan Resolution de, dy, dz =5 mm
Frequency B35 MHEZ + 1 MH2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conduestivity
Mominal Head TSL parameters 22.0°C 416 Q.90 rba'm
Messsured Head TSL parameters (2202 0.2)°C 406 = 6 % (.89 mho/m = 6 %
Head TSL tamperature change during test =056°C -
SAR result with Head TSL
BAR averaged over 1 om” (1 gj of Head TSL Condition
5AR messured 250 mW input power 234 mW fg
5AR for nominal Head TSL paramelars neeralized o 1W 9.38 mW /g = 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Hasd TSL condition
SAR measured 250 mW input power 1.53mW /g
SAR for nominal Head TSL parameatens normalized 1o 1W B.14 mW /g = 16.5 % (k=2)

Body TSL parameters
The fellowing parametars and calculations were applied.

Temperature Parmittivity Conductivity
Mominal Body TSL paramelars 22.0°C B6.2 0.97 mibo'm
Measured Body TSL parameters (22.0=02)°C B3 26 % 1.00 mho'/m + 6 %
Body TSL temperature change during test < 0.5 "C ——

SAR result with Body TSL

SAR averaged aver 1 cm’ (1 g) of Body TSL Condition

SAR measured 250 mW inpul power 240 mW g

SAR for nominal Body TSL parametars normakzed to TW 935 mW £ g = 17.0 % (k=2
SAR averaged over 10 em” (10 g) of Body TSL condion

SAR measured 250 mW input power 1.58mW /g

SRR for nominal Body TSL pararmelans nderralized to TW BA9mW Mg 2165 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, fransformed bo leed poink 48E0-65H
Ratum Loss - 252 dB
Antenna Parameters with Body TSL
Impadance, transfommied to feed point 4580-73i0
Retum Loss -21.2dB
General Antenna Parameters and Design
| Elsctrical Delay {one direction) | 1,381 ns |

After long tarm usa with 100W radiated powear, only a slight waming of the dipole near the feadpoint can be messured.

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line |s directly connected o the
secand arm of the dgole. The antenna |s therefore shor-circuited for DC-signale. On some of the dipoles, small end caps
are added 1o the dipole amis in ofder 1o imgrove malehing when loaded according b the posiion as explained in the
"Weasurement Conditions" paragragh. The SAR data ane not alected by this change, The overall dipole kength is still
according b the Standard.

Mo sxcessive force must be applied o the dipole arms. because they might bend or the solderad connactions near the
feedpoind may be darmagaed

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 15, 2003
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DASYS Validation Report for Body TSL

Date: 16.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: DE3FV2 - SN: 490

Communication Systern: CW,; Frequency: 835 MHz

Medium parameters used: £ = 835 MHz; o = 1 mho'/m; g, = 54.3; p = 1000 J-:g.l'ma
Phantom section: Flat Section

Measurement Standard: DASY S (IEEETEC/ANST Ca3.19-2007)
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TS
Ca Hhr_‘atlnn Lﬂbﬂ"m&’ of iﬁ"@;}h Schwalzerischer Kalirierdienst
Schmid & Partnar k Service sulsse détalonnags
Engineering AG b Servizio svizzero di taratura
Zeughaussirsass 43, B004 Zurich, Switzerland £’ Swi I
8 A ss Callbesiion Service
Acredied by the Swiss Accreditation Senvice (SAS) Assreditation No.: SCS 108

The Swiss Accreditation Servicn is one of the signatories to the E&
Multilateral Agresment for the recogniltion of calibratian cartilicatag

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

a) IEEE =td 1528-2003, "IEEE Recommeanded Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, Decembear 2003

b) IEC 622091, "Procedure to measure the Specific Absorption Rate (SAR) far hand-held
devices used in close proximity to the sar (frequency range of 300 MHz to 3 GHz)",
February 2005

) Federal Communications Commission Office of Engineerng & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Badiofrequency
Electromagnetic Fields, Additional Infarmation for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radiofreguency 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 cerificate are valid at the frequency indicated.

¢«  Antenna Parameaters 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 oremed
parallel fo the body axis.

= Feed Point Impedance and Refurn Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom. The impadance stated is transformead from the
measurement at the SMA connactor fo the feed peint. The Return Loss ensures low
reflected power. No uncertainty requirad,

» Elactrical Delay; One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required,

¢ SAA measured: SAR measurad at the staled antenna input power.
SAR normalized: SAR as measured, nomalized to an input power of 1 W at the antenna
connector,

= SAR for nominal TSL parameters: The meazured TSL parametars are used to calculate the
nominal SAR result,

The reporled uncertainty of measuremant is stated as the standard uncertainty of measuremeant
multiplied by the coverage factor k=2, which for a normal distribution comesponds to a coverage

probability of approximataly 95%.
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Measurement Conditions
DASY system configuration, &s far as not given on page 1.
DASY Version DASYS V5281
Exirapalation Advanced Extrapolation
Phantom Modular Flat Phantoan
Distance Dipole Cenler - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =& mm
Freguancy 1500 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations ware applied.
Temperaiure Permittivity Conductivity
Nominal Head TSL parameters 20C £0.0 1.40 mham
Mensurad Head TSL parametars 220=202]°C 405+ &% 1.37 mha'm = 6 %
Head TSL temperature change during test =050 -
SAR result with Head TSL
SAR mveraged over 1 cm® (1 g) of Head TSL Canditian
S4A measured 250 mW nput power SGEGmM fg
SAR Tor norminal Head TSL parametars nommalized o 1W 39.4 mW /g £ 17.0 3% (k=2)
SAR averaged over 10 em® {10 g) of Head TSL condition
SAR measured 250 mW input power 513mW g
SAR lor nominal Head TEL pararmaters nosmalized to 1W 20.7 MW /g £+ 16.5 % (k=2)
Body TSL parameters
The folliowing parametars and calculetions were applied.
Temperature Prrmittivity Conductivity
Nominal Bady TSL paramelers 220G 53.3 1.52 mhevm
Measured Body TSL parameters 22.0=02)°C 2O +8% 1.52 mho'm = 6 %
Body TEL temperature change during test =055 =]
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Canditian
S5AR measured 250 mW input power 1000 MW g
SAR for nominal Body TEL perameters nommalized ko W 399 mW /g =170 % (k=2)
SAF averaged aver 10 em” (10 g) of Body TSL condition
SAR measured 250 mW NPl power 531 mW g
SAR for nominal Body TSL parameters normalized to 1W 21.2mW [ g = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, transtarmed 1o feed point B1.B0+33i0
Retumn Loss - 286 dB
Antenna Parameters with Body TSL
Irrpadan ce, fransformed to faad paint 4750+ 360
Ratem Lose -27.0d4B
General Antenna Parameters and Design
Elacirical Dalay (one direction) 1.196 ne

Aftar leng tarm use with 100% radiated power, caly a slight warming of the dipoles near the feedpoin? can be measured

The dipcés |= made of standand semingid coaxial cable, The center conductor of the faeding line & direclly connected to the
second arm of the dipole. The antenna is therefore shon-circuited for DC-algnals. On some of the dipalas, small snd caps
are added to the dipole amms in order to improve maiching when loeded according fo ihe position as explained in the
‘Measurement Condilions® paragraph. The SAR data are not affected by this change. The ewerall dipols length is stil
atoording 1o the Standard,

Mo exessive force must bs applied to the dipole arms, because they might bend o the sokderad connections neer the
teedpoint may be damaged.

Additional EUT Data

Manutectured by SPEAG
Manufachungd on March 17, 2003
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DASYS Validation Report for Head TSL

Date: 23.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D190V 2; Serial: DI900V2 - SN: 54033

Communication System: CW; Frequency: 1900 MH=

Medium parameters used: [ = 1900 MHz; o= 1.37 mho/m; & = 40.5; p = 1000 kg.fm3
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/BEC/ANST C63.19-2007)
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DASYS Validation Report for Body TSL
Date: 23.05.2012

Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: D1MNWY2; Serial: D1900VE - SN: 54033

Communication System: CW; Frequency: 19400 MHz

Medium parameters used: f = 1900 MHz; o = 1.52 mho/m; & = 52.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST Co3.19-2007)

SGS Korea Co., Lid. (Gunpo Laboratory) #18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31 428 5700 f-+82 31 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)
TEST 001



Report File No.:  F690501/RF-SAR002040-A3

Date of Issue : 2013-02-26
Page : 258 /279
Cenificata Mo L19000VE-5d083_May12 Page B ol 8
SGS Korea Co., Lid. (Gunpo Laboratory) #18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+8231 428 5700 f+82 31 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Société Générale de Sunvellance)
TEST 001



Report File No.:  F690501/RF-SAR002040-A3

Date of Issue : 2013-02-26
Page : 259/279
- 2450 M Dipole Calibration Certificate
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Calibration Laboratory of Sehwaizaristhar Kallbrierdlanst
Schmid & Partner Sarvice sulsae d'Eblannags
Enginﬂaring A Servirio gvizeero di taratura

Zeughasssirasss 43, 5004 Zurich, Switzarland Swiss Calibration Service

Acoredted by Fia Sias Acraditation Serice (HAS] Acereditation Mo SCS 108
The Swiss Accreditation Servics is ons of the gignatories to the EA
iuitiinteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL / MORM x,y.2
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b} IEC 62204-1, "Procedure to measure the Specific Absorption Rate (3AR) for hand-hald
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FOC Guidelines for Human Exposure to Radiofrequancy
Electromagnetic Fields, Additional Infermation for Evaluating Compliance of Mobila and
Portable Devices with FCC Limits for Human Exposure to Radiofreguency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

o Amtanna Parameters with T5L: The dipole is mounted with the spacer o 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 Returm 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 Retum Loss ensures low
reflected power. No uncertainty required.

s Elecircal Delay: One-way dalay betwean the SMA connector and the antenna feed point,
Mo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR nomalized: 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 caloulate 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 a8 covarage
probability of approximately 85%.
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Measurement Conditions
DASY sysiem conhiguralion, &s Far &5 nol given an piage 1,
DASY Version DASYS VEZHA
Extrapalation Advenced Extrapolation
Phantom Modular Flat Pharntom
Distance Dipole Center - TSL 10 mirn wilh Spacer
Zoom Scan Resolution de, dy, dz =5 mm
Fraguency 2450 MHz = 1 MHz
Head TSL parameters
The followmng parametars and calculations were applied.
Temperature Parmittivity Conductivity
Morminal Head TSL parameters 22.0°C 9.2 1,80 rkaim
Measured Head TSL paramaters (22.0 =0.2) “C 403 = 6% 1.85 mhofm £ 6 %
Head TSL tempearature change during test <0.5°C —ee -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Gondition
SAR measured 250 mW Input power 1.3 mW g
SAR far nominal Head TSL pararmelens nerrralized o 1W 52.8 mW ig = 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Head TSL condition
SAR measured 250 mw input power BASmW /g
SAR for nominal Head TSL paramelens narrmalized 1o 1W 24.7 mW ig = 16.5 % (k=2)
Body TSL parameters
The following paremetars and calculations wera applied.
Temperature Parmittivity Candustivity
Mominal Body TSL paramelers 22.0°C 82.7 1.95 mha'm
Measured Body TSL parameters {220+02)"C 523+6% 129 mho'm = 6 %
Body TSL temperature change during lest < (L5 "C
SAR result with Body TSL
SAR averagad over 1 cm® (1 g) of Bady TSL Condition
S5AR measured 250 mW input poawar 127 mW fg
SAR for nominal Body TSL peremeters nonmalized o 1W 502 mW /g =170 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL gondition
SAR messured 250 MW input poser osmW g
SAR for nominal Body TSL parametars nommalized to 1W 23.6 mW ! g = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Imgaecance, rangforrned 1o lead paint S3.30+36K0
Ratum Loss -264 dB
Antenna Parameters with Body TSL
Impadancs, transformad to feed paint 48890+ 510
Relum Loss -25.8dB
General Antenna Parameters and Design
| Electrical Deiay fone direction) | 1.153ns

Afler kong teamn usa with 1000 radiated power, only a slight warming of the dipale nesr the faedpoint can be measured.

The dipole is rmade of standard seoningid coaxial cable. The center conductor of the feeding line s directly connected o the
secand arrn af e @pale. The amenna is tharefore shof-circuiled lor DC-signals. On some of the dipales, small end caps
are added 1o the dipohs arms in erder o improve matching when leaded according 1@ 1he posilion as explained in the
“Measurement Conditions® paragraph, The SAR data are not affecbed by this change. The overall dipale length is &l
according to the Standard.,

Mo excessive Torca must be applied to the dipola arms, bacause thay might bend or the soldered connactions near the
feedpoint may be damagad.

Additional EUT Data

Manutsctuned by SPEAG
Manufactunad on Many OF, 2003
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5.2 iz, 5.5 Gz, 5.8 Gz Dipole Calibration Certificate

All calibratiang hava basn conducied in 1he dosed laboratong faciity: ervironmant empanstuns (22 @ 31°C and humidily < 705,

Calibration Equipment used (METE critical for calibratian]
| Prirmary Starsdards I ¥ Gl Dale {Certificabe No.) Schadulad Calibration

Powar matar EFM-4424 GRITAB0TO0L 05-Cot-11 {No. 217401451) Oet-12

Power ganaot HP B4B14 Usaraazren 05-E3c8 41 (Mo, 217401451} Oiet-12

Reforarcs 20 4B Allerualor SN: BOSE (20k) 2F-Mar-12 (Mo 217-01530) Agr-13

Type-N miamaich combination 5N 5047.2 / 05327 E7-Mar-12 (Mo, 21 7-01533) Aar-13

Aefererce Probe EX3I0VE EM; 3503 F0-0ec-11 (Mo, EX3-3503_Dect 1) Dac-12

DAE4 ;g0 CE-Jun-12 {Ma. DAE4-801_Jun1Z) Jun13

Socondary Ssandards e Chack Curin (im hausa) Setwichubid Check

Pormer sansor HF B4814 MY41082317 AE-Oet-02 (m house chegt Oct-11) in housa chack: Do-13

AF gonerator R&S SMT-06 100405 04-Aug-23 (in house check Oot-11) n house check: Da-13

Muotwark Analyzer HF B753E US3ATISCEES 54206 18-0ct-01 (in housa chadk Gol-11} In house check: Oo-12

1
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Bwitseriand

Schasmizarincher Kalibfierd@Senal
Service suises C#alonnage
Servizio avizzero di taraburs
Swiss Calibration Service

Accradiied by fhe Swiss Accreditalion Servce (3A3) Accreditation No.: SCS 108
The Bwiss Accraditaticn Servics is ane of the signatories to the BA
Mushilataral Agreemant for he recogition of calibration certificates

Glossary:

TEL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EC 82209-2, “Evaluation of Human Exposure to Radio Fregueancy Fields from Handheld
and Body-Mounted Wirgless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures®; Part 2; “Procedure to deteming
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

b) 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 Humnan Exposure to Radiofrequency Emissions™,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
c) DASY4/5 Systermn Handbook

Methods Applied and Interpretation of Parameters:

¢ Meaasurement Conditions: Further details are available from the Validation Beport at the end
of the cerificate. 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 Poinf Impedance and Return Loss: These parameters are measured with the dipols
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector 1o the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Electical Delay; One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty requirad.

= SAR measured: 3AR measured at the staled antenna input power.

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

» SARA for nominal TSL parameters: The measured TSL parameters are used to caleulata the
nominal SAR result.

The reported uncertainty of measuremant is stated as the standard uncertainty of measurament
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 systern configuration, as far as not given on page 1
DASY Version DASYS WEEHA
Extrapolation Advanced Exirapolation
Phamntarm Madular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Reaolution di, dy = 4.0 rren, G2 = 1.4 fmrn Grached Ralic = 1.4 (Z direction)
5200 MHz =1 MHz
Frequency S5O0 MHz = 1 MHz
SB00 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and caleulations were applied,

Temperatura Parmittivity Conductivity
Hominal Head TSL parameters 220C 360 4,86 mho'm
Measured Head TSL parameters {220£02)°C ABE+ES 4.53 mhotm £ 6 %
Head TSL temperature change during test < 0.5 °C — -
SAR result with Head TSL at 5200 MHz
SAR averaged aver 1 em’ (1 g) of Head TSL Candilion
SAR measuned 100 mi# input powar B25mW /g

SAR for nominal Head TSL paramatens narmalized 1o 1W 82,3 mW /g = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL
SAR maasured
SAR for nominal Head TSL parametads

condition

100 mW input powear 237mW /g

23.6 mW g = 19.5 % (k=2)

narmalized o 1W

Head TSL parameters at 5500 MHz
The following parameters and calculations wers applied.

Tempearature Parmittivity Conductivity

Mominal Head TSL parameters 220G 286 4.6 mhatm

Measured Head TSL paramaetars (22.0 +0.2) "G 52 =08% 4 82 mhodfm £ B %

Head TS5L temperature change during test «056°C —
SAR result with Head TSL at 5500 MHz

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

SAR measurad 100 MW inpul poser BEEmMW g

BAR for nominal Head TSL paremetars nomalized to TW BE.S mW ! g = 18.9 % (k=2)

SAR averaged over 10 em” {10 g} of Head TSL condition

SAR messured 100 mW input power 248 mW g

SAR for norminal Head TSL parameters noemalized o 1W 24.7T mW /g = 19.5 3 (k=2)
Cartificate No: DSGHzV2-1130_Ml12 Page3al 13
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Head TSL parameters at 5800 MHz
The following parameters and eakulations wera applied,

Teamperature Perrmittivity Candustivity
Hominal Head TSL paramatars 22.0°C 4543 5.27 rrhae'm
Measured Head TSL parameters (220 x0.2)°C HMB2E% 5.14 mho'm = § %
Head TSL temprrature change during test < 05%C -

SAR result with Head TSL at 5800 MHz

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

SARA miasured 100 mW input power 817 mW g

SAR for nominel Head TSL parameters nomalized to 1W 814 mW /! gz 19.9 % (k=2)
SAR averaged ever 10 em® (10 g) of Head TSL condition

SAR measurad 100 mW Input power 233 mWN g

SAR for nomingl Head TSL parameters monmnalized b TW 232 mW /g x19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The folivwing paremeaters and calculations wene applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 230G 40.0 5.30 mhaim
Measured Body TSL parameters (22.0=02)"C 4708 % 5,37 mhaim = 6 %
Body TSL temperalure change during test =050 — o
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm® {1 g) of Body TSL Canditian
SAR measunad 100 mWW ingut powar TATmW /g
SAR for nominal Body TSL paramaters nomalized 1o 19 5.1 mW g =199 % (ka2)
SAR averaged over 10 cm® (10 g) of Body TSL conditian
SAR measurad 100 mW input power 211 mWig
SAR for nominal Body TSL parametars normalized to TW 209 mW /g2 10.5 % (kn2)
Body TSL parameters at 5500 MHz
The following parameters and calculations were applied
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 48 6 585 mhaim
Measured Body TSL parameters [£2.0 £ 0.2) °C 465+ 6% 5.76 mho'm + 6 %
Body TSL temperature change during test =056"C - -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em” (1 g) of Body TSL Candition
SAR rrasuned 100 mW input power Ta4mW g
SAR for nominal Body TSL parameters norrmalized o 1W TE.T mW /g £ 19.9 % [k=2)
SAR averaged aver 10 e’ (10 g) of Body TSL condion
SAR maasured 100 v input powes 220 mW i g
SAR for nominal Body TSL pararmelans normalized o 1W 2.8 mW /g = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
The following paramsaters and calcwations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.2 B.00 mhari
Measured Body TSL parametars 22.0:02)°C 460+ 6% .16 mhotm = & %
Bedy TSL temperature changs during test =050 -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Candition
SAR measured 100 mi# Input powar 753 mw /g
SAR tor nominal Body TSL paramaters nommalized to 1W T4T mW Mg = 19.9 % (k=2)
SAR averaged over 10 em® {10 g) of Body TSL candilian
SAR measured 100 mVY input powar 208 mw /g
SAR far nomingl Body TSL paramatars nommiaiized to 1W 2086 mW g =19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impadance, ransformead 1o feed paint S130-870

Retum Loss -21.5dB
Antenna Parameters with Head TSL at 5500 MHz

Impedanca, transfermad to feed point B2E0-39(0

Felurm Loss -2r0dB
Antenna Parameters with Head TSL at 5800 MHz

Impedanca, transformed to feed point BE.2{1- 2.8 |2

Fieturn Loss - 23.9dB
Antenna Parameters with Body T5L at 5200 MHz

Impedance, fransformed to fead point 51.30-6.3 8

Riafurn Loss = 24.0 dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, iransformed to faad point 5350-18K

Ratwm Loas - 20.5 dB
Antenna Parameters with Body TSL at 5800 MHz

Impadance, transformed o feed paint STEO-080

RAatum Loss - 228 dB
General Antenna Parameters and Design

| Etactrical Detay {one direction) | 1.204 na

After long term use with 100W rediated powar, only & shght warming of the dipole near the heedpaint can be measunad,

The dipole is made of stendard semirgid coaxial cable. The center canductar of the feeding line is directly connected to the
second am of the dipole. The anenng is thembore shart-circuited for DG-signals, On soma of the dipoles, small and caps
are goded 10 the dipole ams in onder 1o mprove makching whaen Inaded according o the pesition &s explained in the
"Messurament Conditions® paragragh. The SAR data are not affected by this change. The overall dipole length 1= sl
aoeording ko the Standard,

Mo excessive Toree must ba appliad 1o the dipole arms, beceuse they might bend or the sokdered connections near the
feadpoint may ba damaged.

Additional EUT Data
Manulactuned by SPEAG
Manufactured on Sepjamber 08, 2011
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DASYS Validation Report for Head TSL
Deate; (R2.07.2012

Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1130

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; o = 4,53 mho/m; & = 35.6; p = 1000 kg/m"* , Medium parameters
used: = 5500 MHz; o = 4.82 mho/m; & = 35.2; p = 1000 kg/m® , Medium parameters used: { = S800 MHz:
o= 5.14 mha/m; & = 34.8; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST Co3.19-2007)

DASYS2 Configuration:

= Probe: EX3DV4 - SN3503; ConvF{3.41, 5.41, 5.41); Calibrated: 30.12.2011, ConvF{4.91, 4.91,
4.91); Calibrated: 30.12.2011, ConvF(4.81, 4.81, 4.81); Calibrated: 30.12.2011;

+  Sensor-Surface: | 4mm (Mechanical Surface Detection)

= Electronics: DAE4 5n901; Calibrated: 05.06.2012

+  Phantom: Flat Phantom 5.0 (front); Type: QDOM0P30AA; Serial: 1001
« DASYS2 528 1{838); SEMCAD X 14.6,5(6469)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7WCube 0 Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.320 Vim; Power Drift = 0.08% dB

Peak SAR (extrapolated) = 30.540 mW/g

SAR(T g) = 8.25 mWig; SAR(L0 g) = .37 mW/ig

Maximum value of SAR (measured) = 18.4 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dr=4mm, dy=4mm, dz=1.4mm

Reference Value = 63 390 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 34.226 mWig

SAR(] g) = 8.68 mW/g; SAR(10 g) = 2.48 mWig

Maximum value of SAR (measured) = 19.9 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 61,462 Vim, Power Drift = 0,07 dB

Peak SAR (extrapolated) = 33,777 mW/g

SAR(1 g) = 8.17 mWig; SAR(10 g) = 2.33 mWig

Maximum value of SAR (measured) = 19.1 mW/g
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DASYS Validation Report for Body TSL
Dwate: 20.06.2012

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzY2; Serial: DSGHzY2 - SN: 1130

Communication System: CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: = 5200 MHz; o = 5,37 mho/m; &= 47; p = 1000 kgfm™ , Medivm parameters
used: f = 5500 MHz; ¢ = 5.76 mho/m; & = 46.5; p = 1000 kg/m’ , Medium parameters used: f = 5800 MHz;
o = 6.16 mho/m; & = 46; p= 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSIT Co3.19-2007)

DASYS2 Confliguration:

= Probe: EX3DV4 - SN3503; ConvEF(4.91, 491, 4.91); Calibrated: 30.12.2011, ConvIFi4.43, 4.43,
4.43%; Calibrated: 30.12.2011, ConvFi4.38, 438, 4.38); Calibrated: 30.12.2011;

¢ Sensor-Surface: 1 4mm (Mechanical Surface Detection)

»  Electronics: DAE4 Snt)1; Calibrated: 05.06,.2012

+ Phantom: Flat Phantom 5.0 (back): Type: QDO0OP30AA; Serial: 1002
+« DASYS52 528 1(838); SEMCAD X 14.6.5(6469)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Z.oom Scan,
dist=1.4mm (8x8x7)}Cube 0: Measurement grid; dx=4mm, dy=4mm, dz=14mm

Reference Value = 58.928 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 30,342 mW/ig

S5AR(]L g) =7.57T mWig; SAR(10 g) = 2.11 mW/g

Maximum value of SAR (measured) = 18,1 mW/g

Dipole Calibration for Body 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 = 58679 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.309 mW/g

SAR(L g) = 7.9 mW/g; SAR(10 g) = 2.2 mWig

Maximum value of SAR {measured) = [9.5 mW/g

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, (=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7}Cube 0: Measvrement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55 550 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.601 mW/g

SAR g) =753 mW/g; SAR(ID g) = 2,08 mW/g

Maximum value of SAR (measured) = [9.]1 mW/g
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