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Calibration Laboratory of S, g  Sehweizerischer Kalibrierdienst
Schmid & Partner ‘"“‘\“-«-‘_-_J—""_Fr"":- ¢ Servien sulzsz détaioanage
Engineering AG M Servizlo svizzere di taratura
Zeughausstrasse 43, B4 Zurich, Switrerland "*’{E\‘_“& S Swiss Calibration Service
'ﬂ-"lrlplplll.“
Aceredited by the Swiss Accradiation Sarvice (S45) Accreditation Ne: SCS 108

The Swizs Acorediiation Service ls one of the algnatories o the EA
Multliateral Agreement for the recognition of calibration certificates

Glossary:

TSL tizsue simulating liquid

ConvF sensitivity in TSL/ NORM xy.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 Raie (SAR) for hand-held
devices used in close proximily to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure o Radinfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Condifions: Further details are available from the Validation Report at the end
of the cerdtificate. 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
paralle! to the body axis.

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

s Elgctrical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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

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

Cartificata Mo: DBISV2-48057_Oct12 Pago 2 ol 8
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Measurement Conditions
DASY sysiem configuration, as far as not given on page 1.
DASY Version DASYS V5283
Exlrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
Tha fellowing parsmetars and calculstions were applied.
Temparature Permittivity Conductivity
Nominal Head TSL parameters 20°C 41.5 0.20 mho/m
Measured Head TSL parameters (220+02)°C 418x6% 0.92 mhofm =& %
Head TSL temperature change during test <0.5°C = i)
SAR result with Head TSL
SAR averaged over 1 em® (1 g} of Head TSL Condition
SAR measured 250 mW input power 2.44 Wikg
SAR for nominal Head TSL paramataers normalized o 1W 2,62 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW linput power 1.60 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 6.32 Wikg = 16.5 %% (k=2)
Body TSL parameters
Tha following paremetars and calculntions wene applied,
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 55.2 0.97 mhofm
Measured Body TSL paramelers {22.0=0.21"C E38z6% 0.89 mho/m = 5 %
Body TSL temperature change during test =05°C - S
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR mezsured 250 mW ingut pawer 2.43 Wiky
SAR for nominal Body TSL paramstens noimalized to 1W 9.52 Wikg £ 17.0 % (k=2)
SAR aversged over 10 cm” (10 g) of Body TSL condeion
SAR measured 250 mvY input power 1.59 Wikg
SAH for nominal Body TSL paramaters nomalizgd o 1W 6.26 Wikg £ 16.5 % (k=2)

N

e

Cartifieate MNo: DEISV2-24087 Oet12 Page 3 of 8
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Appendix

Antenna Parameters with Head TSL
Impedancs, ransformed to feed point E210-275H
Ratusin Loss -20.5d8

Antenna Parameters with Body TSL

Impadanca. transformed to fead point 4810 -44§0
Retum Loss - 26.2 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) 1.39 ns |

Altar long term use wilh 100W radiated power, only a slight warming of the dipale near tho loedpaint can bs measured,

Tha dipale is made of slandard samirigid coaxial cable, The center conductor of the feeding line is dirscily connected o the
secand arm of the dipole. The anlenna is thersfors short-clrculied for DC-signals. On some of the dipoles, small end caps
ars added to the dipole ams in order 1o improve matching when loadad according to the posifion as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is st
according to the Standard.

No excassive force must ba applied 10 the dipole arms, because they might bend or. the soldered connections near tha
leadpolnt may ba damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Wovember 27, 2006

Cartiicats No: DBISV2-4d057_Oat| 2 Fage 4 of 8
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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: DE35V2; Serial: DEISV2 - SN: 4d057

Communication System: CW: Frequency: 835 MHz

Medinm parameters used: f = 835 MHz; o =0.92 mho/m; &, =41.8; p = 1000 kefm®

Phantom section: Flat Section
Measurement Standard: DASY S (IEEENEC/ANSI C63.19-2007)

DASYS52 Conliguration:

Probe: ES3DV3 - 8N3205; ConvI(6.07, 6.07, 6.07); Calibrated: 30.12.2011;

Sensor-Surface: Smm (Mechanical Surface Detection)
Electromics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 4.91; Type: QDOOOPADAA; Serial: 1001
DASYS2 52.8.3(988); SEMCAD X 14.6.7(6848)

No. 2013EEB00237
Page 195 of 221

Date: 24.10.2012

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: de=5mm, dy=5mm, de=5mm
Reference Value = 55.185 V/m; Power Drifl = 0,03 dB
Peak SAR (extrapolated) = 3.61 W/ka

SAR(] g) = 2.44 Wikg; SAR(10 o) = 1.6 W/ko
Maximum value of SAR (measurcd) = 2.82 W/ikg

Az.08 v
0dB =282 Wikg = 450 dBW/kg

Cortilficate No: DEISV2-4d057_Cct12 Page 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 24.10.2012
Test Laboralony: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB3SV2; Serial: DE3SVE - SN: 4d057

Communication System: CW; Frequency: 835 MHz

Medium paramelers used: £ = 835 MHz; 6 = 0.99 mho/m; £ = 53.8; p = 1004 lsgm"]:u3r
Phanlom section: Flat Scction

Measurement Standard: DASY S (IEEEMECFANST CA3.19-2007)

DASYS2 Configuration:
» Probe: ES3DV3 - SN3205: ConvF(6.02, 6.02, 6.02): Calibrated: 30.12.2011;
» Scnsor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.06.2012
»  Phantom: Flat Phamtom 4.9L; Type: QDOOOPADAA; Serial: 1001
= DASY32 51.8.3(988), SEMCAD X 14.6.7(6848)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Xoom Scan (7x7x7)/Cube 0:
Measurement grid: de=Smm, dy=5mm, ds=5mm

Reference Valuc = 55.185 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 3.53 Wikg

SAR(1 g) =243 Wikg; SAR(10 g) = 1.59 Wikg

Maximum value of SAR (measured) = 2.82 W/kg

| .

=720

0dB = 2.82 Wik = 4.50 dBW/kg

=12.00

Cerificale No; DEISV2-44057_Oct12 Pape TolB
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Impedance Measurement Plot for Body TSL
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1800 MHz Dipole Calibration Certificate
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Engineering AG
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Accraditad by this Swiss Azcraditation Service (SAS)
Tha Gwisa Accreditation Servics is one of the signatorias to the EA
Multilateral Agreement for tha resognition of callbration carifficates

Ciient  TMC-SZ (Auden)
IrgALIBHA‘I'IUN CERTIFICATE

Accreditntion Ne: SCS 108

‘Certificate Ho: D1800V2-2d147_Oct12

Object D1800V2 - SN: 2d147 | A Y Y 4 - |
\IHC-CC-1 2 05 6-702]

QA CAL-05\8 eTasiedy o

Caibralion procsdures) e .
Galibration procedure for dipole validation kits above 700 MHz

Cafbretion date:

October 19, 2012

This caliiralion centiicate documans the Iraceabilty to national atandards, which realize the phyeical umils of measuremars (S1).
The masaurmants and T uncariaintios whh conigercs protabiy ane gheen on B fllowing pages and &ra pan ol the certifizals,

All casbretlons have been conducied in tha ciosed leboralory faciity: amiranment femperature (22 + 3)°C end humidty < 70%,

Calibration Equipment wused (METE crilical Far calbration])

Katia Pokovic

Tachnical Manapear

This celoration cenificale shall not ba reprotuced except in full without wiitlen appooval of the labaradony.

Primary Standards 10 # Cal Chata (Censicate fo.) Scheduled Calibation

Fowar mates EFM-a454 GEIT4A0T04 05-Cet-11 (Mo, 217-01451) Oee-12

Power sansar HP BaB1A USIT2E2783 05-Oel-11 (Mo, 217-01451) Q12

Raterence 20 dB Anenustor EM: 5053 (20%) E7-Mar-12 (Mo, 2170530 Ape-13

Typa-M mismalch combinstion SN SM7Z /08327 27-Mar-12 (No. 217-01553) Apr-13

Rsfarence Frobe ES30VE SN 3RS A0-Dwc-11 (Mo, ES3-3205 Dacl1) Digc-12

DAE4 BM: B 27-Jun-12 [No. DAE4-601_Jun12) Jun-13

Sacondary Siandands 0¥ Chiak Dale {in heuse) Schedulid Chissk

Powar sanaar HP 84814 MY41082317 1B-Dal-02 (in house chock Oct-11} In house check; Oct-13

AF ganamilor ASS SMT-06 100005 - A00-B9 {In Dot chack Ogl-11) I house check: Oct-13

Metwork Analyrar HP BTSSE US3T300585 24208 18-0c1-01 (In house check Oct-12] In howse chack: Oct-13
Mams IFunciion Signature

Calbrated by: Jaban Knstrat Labortory Tachniclan q c_ﬁ/

Approvad by o

Essued: Oclober 19, 2012

Canifleate No: D1800V2-2d147_Oet12
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calihl_‘atiun Laboratory of *@‘ g Schwelzzrischor Kallbrierdienst
Schmid & Pariner “““-u._.a-"’ff- Service sulsse d'ételonnage
Engineering AG im X C  sorsirin srizzsr di taatera
Zeughausstresse 43, S004 Zurich, Switzerand % N S  swiss Callbeation Service
R
Accradited by tho Swiss Accroditation Sarvice (SAS) Accreditation No.: SCS 108

The Swlsa Accreditation Service [s ane of the signatories ta the EA
Multitateral Agreement for the recsqnition of calibration certificates

Glossary:

TSL fissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a)

b)

c)

IEEE 5Std 1528-2003, "|EEE Recommended Praciice 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 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 far 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 dipala
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.

Efectrical 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 nomalized: SAR as measured, narmalized 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
naminal 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%.

Certificatn No: D1200V2-2d147_Oct12 Fage 2of 8
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TIVIZ

Measurament Conditions
DASY system configuralion, as far as not given on page 1.

DASY Version DASYS V5S2E.3
Extrapolation Advanced Extrapolation
Phantom Medular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacar
Zoom Scan Resolution dx, dy.dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
Tha lallowing parmmeters and caloulations were appiied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mihodm
Measured Head TSL parametars (220+02)"C 34+6% 1.38 mhofm £ 6 %
Head TSL temperature change during test <0570 — ee
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.51 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.2 Wikg £ 17.0 % (k=2)
SAR mveraged over 10 em’ (10 g) of Head TSL condision
SAR measured 250 m¥W input power 5,02 Wikg
SAR for nominel Head TSL parameatsrs nomelzed to 1W 202 Wikg £18.5 % (k=2)
Body TSL parameters
Thae following paramatars and calculntions were applied.
Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 533 1.52 mhofm
Measured Body TSL parameters (22.0£0.2)°C 51826% 1.53 mho/m £ 6 5
Body TEL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mWW Enput power 3,83 Wikg

SAR for nominal Body TSL parameters

nomalized o 1W

39.1 Wikg = 17.0 % (k=2)

SAR nveraged over 10 em?® (10 g) of Body TSL

condition

SAH measured

250 mW input power

5.22 Wikg

SAR for nominal Body TSL paramsters

nomzlized to 1W

2.7 Wikg = 16.5 % (k=2)

Canificate No: D1800VE-2d147_Ocl12

Page 3o 8




T M i-" No. 2013EEB00237
/o Page 202 of 221

Appendix
Antenna Parameters with Head TSL

Impedance. transformed fo feed polnt 47T 0-4400
Aetum Loss -2594B

Antenna Parameters with Body TSL

Impedeance, franstormed to feed polnt 44,1 0-43(0
Aetum Loss -2290d8

General Antenna Parameters and Design

Electrical Delay (one diraction) 1.213 ns

After long tarm wee with 100W radlated power, enly a slight warming of the dipola near the feedpaint can bo moasumsd.

The dipala s made of standard semirigid coaxial cable. The cemer conductor of the feeding line Is directly connectad to the
second arm of the dipole. The antanna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
ane added to the diptie ams in order o improve matching when loaded according to the position =5 expleined in the
“Maasurament Conditions” paragraph. The SAH dats are not afiected by this change. The overall dipale lzngth iz still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might band or the soldered cannections near the
feedpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured an December 14, 2008

Coriticate No: D1800V2-2d147_Oet12 Page 4 ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.10.2012
Test Laboratory: SPEAG, Zurch, Switzerland

DUT: Dipole 1300 MEEe; Type: D1800V2; Serial: D1S00V2 - SN: 2d147

Communication System:; CW; Frequency: 1800 MHz

Medium parameters used: [ = 1800 MHz; 6 = 1.53 mhofm: £ = 51.8: p = 1000 kefm’
Phantem scetion: Flat Section

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

DASYS52 Configuration:

» Probe: ES3DV3 - SN3205; ConvFi{4.74, 4.74, 4.74); Calibrated: 30.12.2011;

Sensor-Surface: 3mm (Mechanical Surlface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phantom: Flat Phantom 5.0 (back); Type: QDO00OPS0AA; Serial: 1002
DASY52 52.8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value = 93.581 Vim; Power Drift =0.01 dB

Peak SAR (cxirapolated) = 17.5 Wik

SAR(1 g)=9.89 Wikg: SAR(10 2) =5.22 Wike

Maximum value of SAR {measured) = 12.4 Wik

-1.20

-10.80

14,40

a0 EER
0dB =124 Wikg = 10.93 dBW/kg

Canificale Mo: D180OVE-2d147_0Oct12 Page T of 8
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Impedance Measurement Plot for Body TSL
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1900 MHz Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zaughausstresse 43, 8004 Zurich, Switzertand

=3 Schwalzerischer Kalibriendienst

c Eervice sulsse d'ételonnage
Egrvizio svizzero dl tarsbura

S swiss Calibration Service

Accreditad by the Swiss Accraditaiion Senics (SAS) Acoreditation Ho.: SCS 108
The Swies Accreditation Sarvice s one of the slgnataries in the EA

Hurﬂmmlﬁgmﬂhm recognition of calibration cerifl cales

cllant L R R Certiticate No: D1900V2-50088_Oct12

CALIBHM‘[UH CEHTIFICATE : i |

e D1900V2+/SN: B00B8: 1520 1 AR 3 3 A

Cafbration procedure(s) QACALDSNE '*"*E <t 1 2.0 3 ?_FF '3 i
_.Cﬂﬁbrahm pmc:edulje fcl_ 'cﬁpule\mﬁ:hhm kftsahnva?ﬂﬁ!u‘ll‘lz '

Calibralion date: Qctober 17,2012 -

This calibration certficate decuminls the irsceablity i ralianal slandants, which reilize the physical units of measuramants (S1).

The moasuroments &nd i urcitalnlies with confidence probatilily sre ghaen on the lolowing pages and are part of the cetticats,

All cafbrations have been conducted in the clossd lzbaratony facility: envirenment bemperatise (22  3)°C and humidity < 70%.

Callbration Equipmiend wsed (MATE critical for calibation)

Primary Standards L=} Cal Data {Centficats No.) Seheduled Casbiration

Powar migler ERM-34248 GBATABIT0 08-Ciat-11 (Mo, 217-01451) Oct-12

Porear sengar HP B481A UE372927ES 05-0ocl-11 (Mo, 217-01451) Oct-12

Aelarenca 20 dB Attsnuater SN; G05E (20%) 27-Mar-12 (Mo 217-01530) Apr-13

Type-N mismatch combination SN: 50472 F 63T E7-Mar-12 (Wo. 217-01533) Apr-13

Aslerance Probe ER30VE Shi: 3805 20-Diec-11 (Mo, E53-3205_Decl1) Dac-12

DAES SN B0 F7-Jun-12 (No. DAEL-BI_Jurl2) Jun-13

Sacandary Standards D Chack Data (in hasa) Schaduted Chistk

Fawer aanscs HP B2814 MY 410823 T 18-061-02 {in hewse shoch Out-11) In house chick: 013

AF genaretor AAS SMT-06 100008 Od-Aug-86 (in howss eheck Oal-11) In house check: Oo-13

Natwork Analyzer HP 8T53E UIS3T380585 54706 16-Oct-0 (in howse check Ogt=12) In housa chack: Oci-13
Mamg

Calibralad by Isras ERNeoug

Approned by: Kﬂﬁm ; _-_____.-_-1 -

This calibration codticale shall net be reproduced except In full without wrilten appoovel of the tabomatory.
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasss 43, 8004 Zurlch, Switzerland

§  Schwelzerlacher Kalibrisrdienst

c Zervice sulzse d'élonnage
Servizio gvizzars di taraturs

S Swiss Calibration Servics

Accrodied by the Swiss Accreditation Sarviss (SAS) Accreditation No: SCS 108
The Swias Accreditstion Service Is ong of the signateries 1o the EA
Multilateral Agresmant tor the recognition of calibration certificates

Glossary;

T3L 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 Praciice for Determining the Peak Spatial-
Averaged Specific Absorption Rate {5AR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, "Procedure to measure the Specific Absarption 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 & Technalogy (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile snd
Fortable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C (Edition 01 -01) to Bulletin 65

Additional Documentation:
d) DASY4/S Systern 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 bady axis.

* Feed Point Impedance and Return Loss: These parameters are measured with the dipale
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.
Mo uncertainty required.

* SAA measured: SAR measured at the stated antenna in put 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%.

Ceriilicatle Mo: D1500V2-5d088_Oct12 Page 2 ol 8
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TIVIZ

Measurement Conditions
DASY system configuration, as far as not givar on paga 1.
DASY Version DASYS V5283
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantomn
Distance Dipole Contar - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
Tha following parameters and caloulations wars applied,
Temperature Permittivity Conductivity
HNominal Head TSL parameters 20°C 40,0 1.40 mho/m
Measured Head TSL parameters (220 £0.2) °C 4006 % 1.37 mhofm =6 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 ¢m’ (1 g} of Head TSL Condition
SAR measumed 250 mW nput power 9.86 Wikg
SAR for nominal Head TSL parameters normalized to 1W 40.0 Wikg £ 17.0 % (k=2)
SAR averagod over 10 em’ (10 g) of Head TSL condiion
SAR measured 250 mW input power 519 Wikg
SAR for nominal Head TSL parametens nomalized to 1W 20.9 Wikg = 18.5 % (k=2)
Body TSL parameters
Tha following pamamatars and caloulations wore appliad,
Temperature Parmittivity Conductivity
Mominal Body TSL parameters 220°C 533 1.52 mhafim
Measured Body TSL parameters {22.0 0.2 °C E2226% 1.54 mhofm = & %
Body TSL temparature change during test <0.5°C — —
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.3 Wikg =17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.40 Wikg
SAR for nominal Bady TSL paramsters nomalized to 1W 21.4 Wikg = 16.5 % (k=2)
Canificate No: D1900V2-5d088_Oct12 Pape 3ol B
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Appendix
Antenna Parameters with Head TSL
Impedance, fransformed 1o feed point 5200 +5%90
Retumn Loss -2434d8
Antenna Parameters with Body TSL
| Impedance, transformed to fead point 48.9 0+ 6.2 0
I_Hnl!er Logs =24.0 d8

General Antenna Parameters and Design

| Eiectrical Deiay (one diraction) | 1.185 ns

Afer long term use with 100W radiatod power, anly a alight warming of tha dipole naar the feadpaint can be mensuroed.

"Measurement Condilions® paragraph, The SAR data are not affectsd by this change. The ovaral dipole length is still
accarnding fo the Standard,

Mo oxcessivo force must be appliad 1o the dipole ams, bacauso they might band or the scidered connactions near tha
lsadpalnt may be demaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on June 28, 2008

Certificatn No: D10900V2-54088_Oct12 Fage 4 ol &
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DASYS Validation Report for Head TSL

Diaie: 17.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MITz; Type: D1900VZ; Serial: D1900V2 - SN: 540858

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: { = 1900 MHz; o = 1.37 mho/m; &= 40; p= 1000 ke/m’
Phantom section: Flat Section

Measurcment Standard: DASYS (IEEEMEC/ANSI C6H3.19-2007)

DASYS2 Configuration:
»  Probe: ES3DV3 - SN3205; Convl(5,01, 5.01, 5.01); Calibrated: 30.12.2011;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sno01; Calibrated: 27.06.2012
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial; 1001
o DASYS2 52.8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value = 94,805 V/m; Power Drift = 0.04 dB

Peak SAR (extuapolated) = 17.6 Wikg

SAR(1 g) = 9.86 Wikg; SAR(10 g) =519 Wikg

Maximum value of SAR (measured) = 12.1 Wikg

=5

12,00

-16.09

20,00

0dB=12.1 Wikg = 10.83 dBW/kg

Carifieate Mo D1900V2-54088_0cti2 Page 5ol &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 17.10.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54088

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: = |900 MHz; o = 1.54 mho/m: &= 52.2; p = 1000 ic_s_:.l’m3
Phaniom section: Flat Section

Measurement Standard: DASYS (IEEEIEC/ANSI Cr3.19-2007)

DASY 52 Configuration;

» Probe: ES3DV3I - SN3205; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011;

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn0601; Calibrated: 27.06.2012
Phantom: Flat Phantom 5.0 (buck); Type: QDODOPS0AA; Serial: 1002
DASYS2 52 8 3(988); SEMCAD X 14.6.7(6848)

-

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

Reference Value = 94,805 V/m; Power Drife=0.03 dB

Peak SAR (exirapolated) = 17.9 W/kg

SAR(1 g) = 10.2 Wikg; SAR(10 g) = 5.4 Wikg

Maximum value of SAR (measured) = 12.8 Wik

-&.0n

1200

-1E00

=29.00

0dB =128 Wikg = 11.07 dBW/k

Cartificato No: D1500V2-54088_0:112 Page T o8
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Impedance Measurement Plot for Body TSL
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2450 MHz Dipole Calibration Certificate

Calibration Laboratory of Sehweizerisches Kallbrlerdisnst
Schrmid & Pariner Service sulsse d'étalonnage
Engineeﬁng AG Sarvirio avizzero di taratura

Zeughauastrases 43, 8004 Zurlch, Switzerland Swiaas Callbration Service

Aceradnien by the Swiss Ascreditation Sorvice (SA5) aceradimtion Mo: SCS 108
The Swiss Aceroditetion Service |2 one of the algnstarles to the EA
Multilateral Agreement for the recognitlon of calibration cerfificates

ciient  TMCSSZ [Auden) _ o certificate no: D2450V2-873_Oct12
CALIBRATION CERTIFICATE

Cejeet D2450V2 - SN: 873 R AR i

[Tie-CC- 1.2 -2 680 2

Calibration procadursds) QA CAL-O5vE | 3 R
Calibration procedure for dipole validation kits above 700 MHz

Callbration date; October 18, 2012

This callbration cortficats documents Ihe iracesbiity 1o natianal standards, which maliza the physical unts of messuremants (51).
Tha measrianls snd B ucaralnties with confidenca probiatillly ane ghaen on the lallowing pages &nd an past of tha conilicats.

All celinreilons have been condicied in The closed Bboratory taclity; envEnment lsmparaturs (22 + 3)°C end humidty < 0%,

Celibration Equipment wsed (MATE erilical for calibration))

Primary Standards I & Cal Date (Carifcits No.) Scheduad Calibration

Powar mabter EFM=-4424 GEITAR0T 05-Oal-11 Mo, 217-01451) Oct-12

Powar sansor HP B281A US37202TES 05Oei-11 (Mo, 217-01461) Oet-12

Aelarenca 20 dB Anemsion SN; 508 (20ic) 27-Mar-12 (Mo, 217-01530) Apr-13

Typa-H mismateh combination SN 50472506327 2T-Mar-12 (No. 21T01533) Apr1d

Referente Probe ES30VI GN; 206 a0-Dec-11 {No. ES3-3205_Dec11) Dac-12

DWEd SN: B 27-Jun-12 [No. DAES-B01_Rni2) Adun-13

Secandary Standards o # Chack Date {in hiwsa) Schadulaid Check

Pawir senaor HP 84814 MY 41062317 18-0c102 {in houss chisek Oot-11) in housa chock: Oct13

AF ganesator RAS SMT-06 100005 D4-Aug S8 (in howss chack Oot-11) n houss chack: Oct-13

Matwork Analyzer HP B7S3E US3TE00585 54306 18-Dal-D1 {In houss chack Ocl-12) In house ehack: 0113
Mame Funcion Signartura

Calibrated by Isran EWaou o Laboslory Techniclan ) ;

R e G0
: HatiiPokovic | Techrical Manager T T
Approved by; unun*?dm il bt -l »f‘:f_

Issued: Oclober 18, 2M2

Thia caliration carificata shall not be rmproduced excapt in full Wwithout withen sppoovel of the [aborxon.

Carlificate Mo: D24S0V2-ET3_Oct12 Page 1ol B

Al



TM"-’" No. 2013EEB00237
/o Page 215 of 221

Callbration Laboratory of ee‘*lf@:',f"vi g  Schweizerischar Kalibrierdienst
Schmid & Partner e [ Service sulsss ditalonnage
Engineering AG e Servizin gvlzzoro di taraturs
Zoughausstrasse 43, 8004 Zurich, Switzerland %ﬁf S Swiss Calibration Sarvice
el bt
Aseradted by Ihe Swiss Accrodftation Serdos (SAS) Accreditation Ho.. SCS 108

The Swias Accreditstion Service Ia one of the algnatories to the EA
Muliilatgral Agreament for the recognitien of calibration cartificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy.2
NSA not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

|EEE Sid 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

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

Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electramagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Pariable 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 Canditions: Further details are available from the Validation Repaort 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 ariented
parallel to the body axis.

Feed Point Impedance and Retum Loss: These parameters arg 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.
Mo uncerainty required.

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

S4AR nommalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

8AR 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
muitiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cartficate Mo: D2450V2-873_0Oct12 Page 2 ol 8
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Measurement Conditions
DASY system configuration. as fer 85 not given on pags 1.
DASY Version DASYS V5283
Extrapolation Advanced Extrapolation
Phantom Medular Flat Phantom
Distance Dipole Center - TSL 10 mim with Spacar
Zoom Scan Resolution d, dy. dz =5 mm
Fraquancy 2450 MHz = 1 MHz
Head TSL parameters
The fallowing paramaters and caloulstions wers apolisd,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3m2 1.80 mhaodm
Measured Head TEL parameters (220 +0.2)"C 384+6% 1.85 mho'm = 6 %
Head T5L temperature change during test «05°C e ———
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR messursd 250 mW input power 13.2 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 51.9 Wikg £ 17.0 % (k=2)
SAR avoraged over 10 cm” {10 g) of Hoad TSL condition
SAR maasursd 250 mW input power 6.14 Wikg
SAR for nominz! Head TSL parametsrs nomalized to 1W 24.3 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and caleulations wers applied,
Temperature Permittivity Conductivity
Mominal Bedy TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL paramelers [Z20:02)"C 510:£8% 2.02 mho/m=6 %
Body TSL temperature change during test «05°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0 Wikg
SAR for norminal Body TSL parameters narmalized to 1W 50.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL oandition
SAR measured 250 i Input power 6.01 Wikg
SAR for nominal Body TSL parameters normalized o 1YW 23.7 Wikg £ 16.5 % (k=2)

Cartificate MNo: D2450V2-873_Ocri 2
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Appendix

Antenna Parameters with Head TSL
Impadance, transfomad io foed point E320+15(
Faturn Loss -20.3dB8

Antenna Parameters with Body TSL

Impadance, transfomad fo faed point 49.9 0 + 35K
Ratumn Loss -29.1dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1161 ne

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line s direcily connecied 1o tha
sacond arm of the dipele. The antenna is therefore short-circuited for DC-signals. On some of the dipofes, small end caps
are addad to the dipole s in order to improve matching when loaded according to the position &5 explained in the
"Mazzsurament Conditions® paragraph. The SAR data are not affected by this change. The oversll dipole langth is still
acconding to the Standand.

Mo excessive force must be applied to the dipele ams, because they might bend or the soldered connections near the
feadpaint may be damaged.

Additional EUT Data
Manutfzctured by SPEAG
Manufactured on August 18, 2010

Cantlficate No: D2450V2-873 Oet12 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 18.10.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; T'ype: D2450V2; Serial: D2450V2 - SN: 873

Communication System: CW; Frequency: 2450 MHz .
Medium parameters used: [ = 2450 MHz; o = 185 mho/m; £, = 38.4; p = 1000 kg/m’
Phantom section: Flat Scction
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)
DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated; 30.12.2011;
o Sensor-Surface;: 3mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 27.06.2012

Phuntom: Flat Phantom 5.0 (front): Type: QDODOPS0AA; Serial: 1001

DASYS2 52 8.3(988); SEMCAD X 14.6.7(6848)

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

Reference Value =99.414 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 27.3 W/ikg

SAR(1 g) = 13.2 Wikg; SAR(10 g) = 6.14 Wikg

Muaximum value of SAR (measured) = 17.0 Wikg

-14.40

|
0dB = 17.0 Wke = 12.30 dBW/kg

=24.80

Ceriificale No; D2450V2-873_0ct12 PegeSclB
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date; 18.10.2012
Tesl Labomilory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MEz; Type: D2450V2; Serial: D2450V2 - SN: 873

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o = 2.02 mho/m; & = 51: p = 1000 ke/m’
Phantom section: Flat Scetion

Measurement Standard: DASYS (IEEERIEC/ANST C63.19-2007)

DASY52 Configuration;

= Probe; ES3DV3 - SN3205; ConvF(4.26, 4,26, 4.26); Calibrated: 30.12.2011:
»  Sensor-Surface: 3mm {Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 27.06.2012

+ FPhantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

DASY52 52,8 3(988); SEMCAD X 14.6.7(6848)

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

Reference Value = 94.642 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.9 W/ikg

SAR(1 #) = 13 Wikg; SAR(L0 g) = 6.01 W/ke

Maximum value of SAR (measured) = 16.9 Wikg

-4.60

-14.40

-10.20

24,00 e

0 dB = 16.9 Wke = 12.28 dBW.

Cartificate No: D2450V2-873_0cti2 Page 7ol B
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Impedance Measurement Plot for Body TSL
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STOP 2 650,608 868 MHz

Certificate Mo: D2450V2-873_Oet12 Page B of &



