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DC Voltage Measurement
AJD - Comvartar Resolution nominal
High Ranga: 1LSE = BAuW , full range = -100...+300 mV
Low Range: 1LSE = BinW , fullranga =  -1....,. + 3y
DASY measurement parameters: Auvto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y F 4
High Range A04.652 + 0.02% (k=2) | 404.401 + 0.02% (k=2) | 404,491 + 0.02% [k=2)
Low Range 395352 = 1.55% (k=2) | 3.97148 4 1.55% (k=2) | 3.96078 + 1.55% (k=2}
Connector Angle
|cnnmcmrhnﬂetabeususinm5‘rmm To+1® _|
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Appendix
1. DC Voltage Linearity
High Range Reading {3v) Difference (uV) Error (%)
Channel X + Input 199995.32 062 000
Channel X + Input 20002 .46 1.32 0.1
Channel X - Input -19998.40 1.69 -0.01
Channal ¥ + Iripait 19999771 1.34 0.00
Channal ¥ + Inpat 19999.63 -1.28 0.
Channal ¥ - Input -10Bo7.80 2.47 0.
Channel Z + Inpust 180086.03 0.m .00
Channel Z + Input 199048.99 -1.92 -0m
Chanmnel 2 - Inpiit 1655851 1.81 <001
Low Range Reading [pV) Difference (V) Error (%)
Channel X + Input 200218 0B 0.04
Channal X + Input 201.83 .08 0.04
Channal X - Input -198.32 018 0,09
Channal ¥ + Input 200182 0.81 0.04
Channal ¥ + Input 201.24 £0.29 EIRE]
Channel ¥ = Input -199.03 0.72 0.36
Channgl Z + Input 2001.88 0.72 0.04
Channel 2 + Inpiit 200.70 087 .48
Channel 2 = Imput 18817 047 .48
2. Common mode sensitivity
DASY measurement parameters: Auto Zers Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Valtage (my) Average Reading (V) Average Reading (V)
Channeal X 200 330 1.64
- 200 0.20 -1.84
Channal ¥ 200 -0.21 .42
- 200 0.06 0.59
Channel £ 200 466 a7
= 200 -5.94 -5.08
3. Channel separation
DASY messuramant parsmeters: Aute Zero Time: 3 sec, Measuring fime: 3 seo
Input Yoltage [(mV] | Channel X (pV) | Channel ¥ (V) |  Channel Z 1V}
Channel X 200 - .86 -3.62
Channel ¥ 200 7.58 -0.08
Channel Z 200 508 573 -
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4, AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zaro Time: 3 sec; Measuring fime: 3 sec
High Range (LSB) Low Renge (LSE)
Channel X 1816 14687
Channel ¥ 16163 16684
Channal £ 15066 15440

5. Input Offset Measurement
DASY measurement paramatars: Auto Zero Time: 3 sec; Measuring time: 3 see

Ingul 10MLY
Average (V) | min. Offset{uV) | max. Offset (V) | SO ?:\:,':"""“
Channel X 0.52 0.82 1.43 0.45
Channel ¥ 0.20 =246 117 0B
Channal Z 0.0 -1.79 017 0.38
G. Input Offset Current
Bominal nput circuitiy effset current on sl channels: <254
7. Input Resistance [Typicsl values for infarmation)
Zeroing (kOhm) Meaguring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Leval (VDC)
Supply (* Voo +7.9
Supply (- Vo) TG
9. Powar Consumption (Typical values for information)
Typical values Switched off {mA} | Stand by (mA) | Transmitting (ma)
Supply [+ Voc) +0,01 +i +i4
Supply (- Vee) 001 B -8
Cartificate Mo: DAE3-BET_Jani3 Page 5of &
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- 835 Mk Dipole Calibration Certificate

Calibration Laboratory of

Schmid & Partner
Enginearnng AG

Zeughausstrasse 43, B0 Tuieh, Swilzeriand

Ancrecited Dy tha Swiss Ancraditation Sehvice (BAE)

g Schwalzariacher Kallbrisrdsen s

¢ S9rvies suisss détalonnage
Sarvizio svizzers di tarsturs

S Swiss Calibration Servics

Accreditation No: SCS 108

Thi Swies Accraditstion Ssrvice 8 ons of the signatoeses to the EA

Multilaberad g

ciem  SGS (Dymstac)

Tar the

gnition of calibration certidicates

Cenificate no: DBASYVZ2-490_ May12

CALIBRATION CERTIFICATE

Object

Calibration prooedunz{s)

Calinmfion dain:

Primesry Slardeds
Power medar EP8.4424,
Power sansor HP B4814
Aeferance 20 A8 Attaruatnr
Typa-M mismaich combination
Aafesancs Frabe ES30VI
[H&EA

Essomdary Standards

This caiibration cerificals documents the traceabs ity o national ssandards, which realize the phyeical unils of massurements (5.
The messurements and the uncertaintias with confidanea prabahiity are given on the toliowing pages snd ars par of the cesificass.

All calibrations have been conducied In Hha cosed laberaiony faciity: ervincmmen semperature 122 + )G and humdity = 7%,

Callbration Equipment used (METE criical lor calibrasion)

DB35V2 - 5N: 450

Q4 CAL-05 v8 .
Calibration procedure for dipale validation kits abave 700 MHz

May 18, 2012

Powni 2zl HF B4E1A
HAF ganaralor ARS SMT-08
Méalwork Anatyzer HE B75IE

Calibratad by:

Appraved by:

BT Cal Dato |oriticats No.) Schudulid Caibraton
GRITAEDTOH 05-0et11 (Mo, 217-01a81) =y
LISET2a2783 C5-0ct-11 Mo, 217-01451) Qg1
BN 5058 (208) FF-Mar-12 |ho. 217015300 Apr3
SN: 504720 oEx2T 27-bar-12 (Ko, 217-01533) Apr-13
EN: 208 aoHec11 (Mo, ES3-3205_Dacii) Dec-13
BN: B0 D11 (Mo DAES-601 11} did-12
o# Creack DAl g houss) Echedued Check
WY1 082INT 18-Och02 (in hausa chack Ock-11) In houss check: Ost-10
TEHHIE 04-Aug-08 {In housa check Oel-11) I house check: Oc613
USI730068S 54208 18-Oct01 (n housa check Cet-11) In housn check: Ock 12
Iame Funziion alura
Igras B-Nacug LLaboratiory Tochniciarn |I' Q{, 2
Katja Pokawe Technical Manags: M

| This cabbeation ceriicate shail not bo repeocucsd gacapt in hull withoit wiilten spproval of B labanskary.

Izsuea: May 18, 2012

Carllicale Mo DEISV2-45]_ May12
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Balihq.'atiun Laboratory of &i% Schwalzarischar Kalibrisrdianst
Schm!d & Partner Sarvics suiEse déalannage
Enginearing AG Sarvizio avizzers di taraturs
Zeughausstrasse 43, 8004 Zurich, Switrerland ’%ﬁhﬁ Swiss Calibration Service
Accredited by the Swiss Accraditation Senice (SAS) Accredtation Ha,: SCS 108

This Swiss Accraditation Service is one of the signatories to the EA
Mulltilateral Agressmnent for the recognition of calibration certiicates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) Federal Communicatiens Commission Office of Engineering & Technolegy (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additicnal 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.

s Anfenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
praint exactly below the center marking of the flat phantom section, with the arms oriented
parallel 1o the body axis,

* Feed FPoint Impedance and Return 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 Relum Loss ensures low
reflected power, No uncertainty requirad.

e FElectical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty required.

s SAR messured: SAR measured at the stated antenna inout 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 resull.

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

Conificate No: DEISV2-450_ Mayl2 Paga 2 of 8
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Measurement Conditions
DASY sysham configuration, as far &s nof given an page 1.
DASY Version DASYS WEEH.1
Extrapolation Agvanced Exirapolation
Phantam Modular Flat Phartom
Distance Dipole Center - TSL 15 mm with Spater
Zoom Scan Resolution di, dy, dz =5 mm
Frequeancy B35 MHEZ + 1 MHE2
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL pararmeters 22.0°C 41,5 0.890 ra'm
Meassured Head TSL paramaters (22.0 £ 0.2) °C 406 = 6 % .89 mho/m = 6 %
Head TSL temperature change during test =05C -
SAR result with Head TSL
BAR averaged over 1 om” (1 g) of Head TSL Condition
5AR messured 250 mW input poser 234 mW fg
SAR for nominal Hesd TSL parametans nerialized o TW 9.39 mW /g = 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Head TSL condition
SAR measured 250 m 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 AE.2 0.97 mho'm
Measured Body TSL parameters (22.0+02)°C Ed3eE% 1.00 mha/m 2 6%
Body TSL temperature change during test < 0.5"C -

SAR result with Body TSL

SAR averaged aver 1 em’ (1 g) of Body TSL Caondition

SAR measured 250 MW inpul power 240 mW g

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

SAR measured 250 mW input power 1.58mW /g

AR tor nominal Body TSL paramelers negerraalized to TW A9 mW Mg 2165 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impedance, iransformed bo leed paint 49,841 - 65 i
Ratum Loss -25.2 dB
Antenna Parameters with Body TSL
Irmpadance, trarsforned to feed point 4550-Ta0
Retum Lass -21.2dB
General Antenna Parameters and Design
| Blscirical Delay {one direction) | 1381 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 {o the dipole ams in order o imgrove matching when loaded accarding to the posilion as explained in the
"Measurement Condilions” paragraph. The SAR data are not alfected by this change. The overall dipole length 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
Cartificate Mo: DB2SVE-400 May12 Paga 4of B
SGS Korea Co., Lid. # 18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31428 5700 f+8231 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Société Générale de Survellance)



Report File No. :  F690501/RF-SAR002046-A2

Date of Issue : 2013-02-15
Page : 125/ 144
DASYS Validation Report for Head TSL
Drate; 16,05.2012

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DE3SVZ; Serial: DEISVE - SN: 490

Communication System: CW; Frequency: 835 MHz

Medium parameters used: £ = 835 MHz; o = 0.89 mho/m; g = 40.6; p = 1000 ch.l'm'-i
Phantom section: Flat Section

Measurement Standard: DASY S (IEEETEC/ANST C63.19-2007)

DASYS52 Configuration:
= Probe; ES3DV3E - SN3205; ConvF(6,07, 6,07, 6,07); Calibrated: 30,12,2011;
+  Sensor-Surface: Imm (Mechanical Surface Detection)
+  Electronics: DAE4 Sné1; Calibrated: 02072011
+ Phanton: Flat Phantom 4.915; Type: QDO00P49AA; Senal: 1001
DASYS2 52.8.1(838); SEMCAD X 14.6.5(64659)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm 2/Zoom Scan {7x7x7)/Cube 0:
Measursment grid: dx=5mm, dy=5mm, dz=5mm

Reference YWalue = 56.851 Vim:; Power Drift = 000 dB

Peak SAR (extrapolated) = 3.44%9 mW/g

SAR( g) = 2.34 mW/g; SAR(10 g) = 1.53 mW/g

Maximum value of SAR (measured) = 2,71 mW/ig

-4.80
-1.20

0.0

T2.00

0dB =271 mW/g = £.66 dB mW/g

Carlilicabs Moc DEISV2-4890_May12 Page 6ol @
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 16.05.2012
Test Laboratory: SPEAG, Zurich, Switzerdand
DUT: Dipole 835 MHz; Type: DB3SVZ; Serial: DR35SV - SN: 490

Communication System: CW; Frequency: 835 MHz

Medium parameters used: £ = 835 MHz; o = 1 mho/m; g, = 54.3; p = 1000 lcg.l’rn‘1
Phantom section: Flat Section

Measurement Standard: DASY S ([EEETEC/ANST C63.19-2007)

DASYS2 Configuration:
= Probe: ESADV3 - SN3205; ConvF(6.02, 6.02, 6.02); Calibrated; 30.12.201 1;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 S0, Calibrated: (4.07.2011

Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial: 1001
DASYS2 52.8.1(838); SEMCAD X 14.6.506469)

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

Reference YWalue = 54.760 ¥Vim:; Power Dirift = 0000 dB

Peak SAR (extrapolated) = 3.47% mW/g

SAR(] gl = 2.4 mW/g; SAR(L0 g) = 1.58 mW/g

Maximum value of SAR (measured) = 2.79 mWi/g

-12.0

0dB =279 mWig = 8.91 dB mWig
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Impedance Measurement Plot for Body TSL

A6 My IS ABIBIVEE
26.228 pF BIL.DDB BED HHx

EFD 841 1 U FE 1453884 -T2E35 8
el

-

Hid

CHZ

ETART G000 BOR fle ETOF 1 Laa.aan a0a Mz

Ceriificate Mo; DE3I5V2-450_May12 Page 8 of &

SGS Korea Co., Lid. #18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31 4285700 f+8231 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Sociéte Générale de Sunvellance)



Report File No. :
Date of Issue :

Page :

-1900 Mk Dipole Calibration Certificate

Calibration Laboratary of

Schmid & Partner
Engineering AG

Zeughsusstrasse 43, 8004 Zurich, Switzarland

Accradited by tha Swiss Acomdlialion Senice (SAS)
The: Swiss Accreditation Sarvice is one of the sijsaiories bo the EA
ftuitiinteral Agresmant lor the recogniion of calibration certitioates

B

G
Eg.

2

)&

L

Sl e

F690501/RF-SAR002046-A2
2013-02-15
129/ 144

g ‘Schweizerlacher Kallbrierdienst
c Jervicy suisse d'étafonmage

Servirio svizzero di taratura

s Swiss Callbration Sarvice

Accoaditatian Ne.: ‘SCS 108

cie  SGS (Dymstec) Centificata Ne: D1900V2-5d033_May12
CALIBRATION CERTIFICATE Al
Oject D1900V2 - SN: 5d033 l
Caibralion grocedire(s] QA CAL-D5.vE :

Calibration procedure for dipole validation kits abave 700 MHz
Caliraion da: May 23, 2012

Calirafion Equipment used [METE crtioal dar cal@ratien)

This cafibration certilicata docurranis he tracaabifity o national standans, which malize e physical uris of mensummenis |50,
Tha maasurmsents and 18 uncenanes wih comlidance procanlity an geen on the follosing peges and are pad al the certicass,

Al calibrations heee baan conduciad in the closed laboratory tacity: anvispnmant empenstare (22 = 3P°C and hurmity < T

heiweart Aralyees HF G753E

Calmaled by

Approvad by

| USEIrEa058G 54205

Mamea

Isan E Maaug

Katjn Prkicyic

Primary Standands LN Cal Dt (Corificate Ma.) N Schedulad Calibraton
Pawir mepsr EPM-4424 GEAT4B0704 BE=0ct=11 (Mo 217-01461] Dei-12

Piwer sensor HS B4HTA Us3reseTal B5-0ct=11 (Ma. 217-00451) Der-12

Aalerance 30 B ANanmior BN 50EE {30k) 278lar-12 (Ma. 217-01530) Api-13

Tyne-Al mismatzh combiration SN 50472706327 2712 [Ma. 217.01553] Age-13

Ralerance Probe EEI0VE BN 3205 A0-Doo-11 (No. ES3.3205 [Decii) Dec12

DAEs Sh B Oa-dul-11 (Mo RE4-BT_Jul11) Jui12
| Becondany Slandards ID & Chack Date fin hewse) Schadidod Gheck
Proswar sonsor HP B4E14 MY 41032317 14-0c402 jin housa check Dei-11] I Frouse chagic Octe13
RF genamicr ARS SMT-08 1 D0 Od-Aug-23 (In houss check Oci-11) Ins house chegc Oct-13

1B-DCD (i house check 0e-11)

Laboratoey Techrician

Techiical Mersgar

This callmbien carnficats hal mol be renmockaced axcopt in full withou wiitten appooval of the lat

Inv b chcic Oct-12

Sigratun:

Q‘ﬂ.ﬂ-‘. Ef-"-gﬁ-ﬂuﬂ

T

Isgued: May 23, 2002
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T
Ca Hhr_‘atlnn Lﬂbﬂ"m&’ of iﬁ"@;}h Schwalzerisoher Kalibrierdienst
Schmid & Partner = Servioe suksse d'étalonnage
EI'IQiF‘IEEfiI'IQ Al Ty Servizlo svizzers dl taratara
Zeighauasiranss 43, B Zurich, Swilzerland = Swi li
8 i a ﬁ*m,? 55 Callbeaticn Service
Agradited by the Swiss Assreditation Senvice (SAS5] Accreditation No.: SCS 108

The Swiss Accreditation Service is ane of the signatarias & the EA
Multilaberal Agresment for the recognition of calibration cartilicates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL / NORM x,v,z
N/ 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 Tachnigues®, December 2003

b) IEC 622091, "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 Engineerng & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Badiofrequency
Electromagnetic Fields; Additional Infarmation for Evaluating Compliance of Mobile and
Fortable Devices with FCC Limits for Human Exposure to Aadicfrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
dj 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.

*  Anfenna Parameters with TSL: The dipale is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms arented
parallal to the: body axis.

= Faed Point Impedance and Refurn Loss: These parameters are measured with the dipole
positionad under the liquid filled phantom. The impedance stated iz transformead from the
measurement at the SMA connactor 1o the feed point. The Return Loss ensures low
reflected power. No uncertainty requirad,

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

SAR messured: BAR measurad at th antanna input power.
n

=
= SAR normalized: SAR as measured, nomalized 1o an input power of 1 W at the antenna
connector,
= SAR for nominal TSL parameters: The measured TSL parametars are used to calculate the
naminal SAR result.

The reported uncerainty of measurement is stated as the standard uncertainty of measuremeant
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 85%.
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Measurement Conditions
DAEY system configuration, &s far as not givan on page 1.
DASY Version DASYS VE2E A
Extrapolation Advanced Extrapolation
Phantom Modular Flat Fhantom
Distance Dipole Cenfer - TSL 10 mm with Spacer
Zoom Scan Resalution a, dy, d2 =& mm
Frequency 1500 MHz = 1 MHz
Head TSL parameters
The following paramatens and calculations wene applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 204G 40.0 1.40 mhafm
Measurad Head TSL parametars (220:02)°C 4065 + &% 1.37 mha'm £ 6 %
Head TSL temperature change during test =050 ———
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
S548H measurad 250 mW nput power SEHmW fg
SAR Tor norminal Head TSL parameters nomalized to 1W 39.4 mW fg £ 17.0 %% (k=)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR meaaured ZE0 MW inpul powser 513mW g
SAR lor nominal Head TEL pararmaters nosmalized to 1W 20.7 MW /g £+ 16.5 % (k=2)
Body TSL parameters
The follcwing parametars and calculetions were applied.
Temperatire Permittivity Conductivity
HNominal Body TSL parameters a20C 53.3 1.52 mhem
Measurad Body TS5L parameters 22.0=02)"C 2O +8% 1.52 mho/m = 6 %
Body TSL lemperature change during test =050 s
SAR result with Body TSL
SAR averaged over 1 cm” {1 g} of Body TSL Canditian
SAR measured 250 mW input power 1000 mWW g
SAR for nominal Body TESL perametars nanmalized ko TW 9.9 mW g =170 % (k=2}
SAR averaged over 10 am® (10 g) of Body TSL condition
SAR measured 250 MW inpul pewer 531 mW g
BAR for naminal Body TSL paramaters normaized to 1W 21.2 mW [ g = 18.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impeadance, transtarmed 1o feed point B1.840+ 3.3
Return Loss - 28.6 dB
Antenna Parameters with Body TSL
Irmpacani o, transformed to fead paint 475 0+ 3.6 [0
Ratum Loss -27.0dB
General Antenna Parameters and Design
Elactrical Dalay (ons dirsction) 1.186 ne

Aftar leng tarm use with 1004 radiated power, only a slight warming of the dipole near the feedpoing can be measuraed

The dipcés |= made of standand semingid coaxial cable, The center conductor of the faeding line & direclly connected to the
e=cond arm of the dipole. The antenna is therefore shor-circuited for DC-algnals. On some of the dipoles, small end caps
are added to the dipole amms in arder te improve matching when loecded Bocoring 1o the position a5 explained in the
"Meagurerment Conditions® paragraph, The SAR data are not affected by this change, The everall dipsls length is still
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

anutectuned by SPEAG
Manulachmed 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: DI%00V2; Serial: D1900V2 - 3N: 54033

Communication System: CW, Frequency: 1900 MHz

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

Measurement Standard: DASY S (IEEE/TEC/ANST C63.19-2007)

DASYSE Confipuration:
«  Probe: ES3DV3 - SN3205; ConvF{5.01, 501, 5.01); Calibrated: 30,12.2011;
= Sensor-Surface; Imm (Mechanical Surface Detection)
« Electronics: DAE4 SntdH ; Calibrated: (4072011
= Phantom: Flat Phantom 5.0 (front); Type: QDODMIPS0AA; Seral: 1001
+« DASYS2 52.8.1(838); SEMCAD X 14.6.5(0469)

Dvipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7 ¥ Cube 0
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 97469 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.118 mW/g

SARIT g) =969 mW/g; SAR(ID g) = 5.13 mW/g

Maximum value of SAR (measured) = 12,1 mWig

L
]
3.54
T.20
-10.88
14,40 I#._..--'-""I-m-'--
-—-...,--"‘
-18.00
0dB = 12.] mW/g =21.66 dB mW/g
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Impedance Measurement Plot for Head TSL

23 Hap ZBLT @3:17r@5

8L 1 U FS BILTEHN 33 e WAL L 0B D00 BRD HHZ
L]
Oel
Car
fua
Hid
CHZ 38 |05 5 dE/REF =-20 of
_—— ] —
Car bei 0
™ ..-*"‘"’.'#
™~ %'r"f
e A\
o e
Hld HIUI
STRET 1 TiLOSA 90D MMz HTOF ¥ 186.838 @84a FHz
Certificain Mo: DIG0IV2-50033_May12 Page 6 of 8

#18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31 4285700 f+8231 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Sociéte Générale de Sunvellance)



Report File No. :  F690501/RF-SAR002046-A2
Date of Issue : 2013-02-15
Page : 135/ 144

DASYS Validation Report for Bedy TSL

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

Communication System: CW;, Frequency: 1900 MHz

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

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

DASYS2 Conliguration:
« Probe: ES3IDV3 - SN3205; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011;
+  Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn6d]; Calibrated: 04072011
«  Phantom: Flat Phantom 3.0 (back); Type: QDOOIPS0AA; Senial: 10602
« DASYS2 528 1(838); SEMCAD X 14.60.5(6469)

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

Reference Value = 94,832 Vim; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 17.393 mWig

SAR(1 g) = 10 mW/g; SAR(10 g) = 5.31 mW/g

Maximum value of SAR (measured) = 12.7 mWig

-10.80

-14.410

-18.00

0dB =127 mWfg=22.08 dB mW/g
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Impedance Measurement Plot for Body TSL
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- 2450 M Dipole Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughavssirasss 43, B0 Zurich, Swikerdand

Sehwnizuriacher Knlibrierdianst
5
Servics siisss d'dtalennags
c
Servizio svizzero di taratura
5 Swiss Calibraticn Service

Accroditnd by the Swiss Accrediation Sarvice (SAS) Acoreditation He.. SCS 108
The Swiss Accreditation Service is one of the signatories 1o the E&
Multisatoral Agreement for the recognition of catibration certificaios

client  SES (Dymstec) Cerlibieale No: D2450V2-734_May12
CALIBRATION CERTIFICATE |

Objact Da450Vz2 - SM: T34

Ceafibration procadursss) QA CAL-05 w3
Calibration procedure for dipole validation kits above 700 MHz

Cadibration date May 17, 2012

Thig calbimtion cortirate domme s

s, mhich meaize the physical ik of measuremanis (2]

mE ==

The messuremests and B untemndies Wil confidence probabilfy e ghedn on 1 loldnwing pados and se par of b cadilissta,
Al calibrasons herve baen conducted in the ciosed laborabory facility: stvironmen mpsratues (22 2 370 and humidity < T0%.

Calfmson Bquipmant used (METE crtical dar calbeabion)

Primary Siandesdia lioa Cal Diala (Corsficatn fo.) Schehied Galtati
Power mesar EFR-2420 GEATLA070Y DE-Dct11 (Mo 217-01451) Oct-12
Porenr srnsor HP B4ETA usaTeezTas DE-Oc 11 (Mo, 217-01451) Oet=12
Ralcenncs 20 dB Attenisinr SM: B053 |20k Z7-Mar-12 (Mo, 217-09530) Apr13
Type-H mismsich combination SN, 5047 2 [ DESET ET-Mar-12 (Mo, Z217-00533) Ape13
Refesance Probe ES30VA SN B0S Ax-Dac-11 ko, EB3-3205_Decii) Dec-12
| DAES !B - 211 o, DAES-BOA_Jul1 1) Jid-12
| Eacandary S2andards DA Check Data [in houss) Zcheduled Check
| Permer sansar HP 4814 ATy 41002397 18-0ct-02 (in howsa cheds Ocel-11) In hales checic OcE13
AF generaior AAS BMT-06 100005 04-800-59 {in house check D11y In house chacks Ock13
Hetwark Analyper HP B753E USITIN0SES 54206 18-Dct-0d fin howss chack Oel-11] In houes check Oci-13
Mams Functon
Calbmied by Ciawidio Leubiar Laboeatory Techniaan
Anaroved by Kl Prodowks Techrwcal Mansge

I May 17, 2012

This cafibration cadiicae shall nol b reproduced except in lull witsul wiltan appeovs of e labarstony,
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Calibration Laboratory of Sehwaizarischar Kallbrisedionat
Schmid & Partner Sarvice sulase d'stalannags
Engineering AG Sevvizi evizzero di taratura

Zeughasiasirasss 43, 5004 Zurich, Switarland Ewizs Calibration Service

Accredied by fie Swiss Accreditation Serice (SAS) Acereditaiion Mo SCS 108
The Swiss Accreditation Servics is ans of the aigrsalorias to the EA
iuitilnteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL /f NORM x,y.2
R Ir= not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

c) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure 1o Radiofrequency
Electromagnetic Fields; Additional Infermation 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 Decumentation:
d} DASYAS Systemn Handbook

Methods Applied and Interpretation of Parameters:

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

«  Amtenna Parameters with T5L: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

& Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedanca stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensuras low
reflected power. No uncerainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed paint,

Mo uncerainty required.

SAR measured: SAR measursd at the staled antenna i

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

connechor.

«  SARA for nominal TSL parameters; The measured TSL paramsters are usad to caloulate the
nominal SAR result,

e YT T
1

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multipliad by the coverage factor k=2, which for a normal distribution corresponds to a covarage

probability of approximataly 95%.
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Measurement Conditions
DASY systenm configuralion, as far &5 mel given on page 1.
DASY Vaersion DASYS VEZ B
Extrapolation Advenced Extrapolation
Phantam Modular Flat Phartom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution di, dy, dz =5 mm
Fraguency 2450 MHz £ 1 MHz
Head TSL parameters
The following parametars and calculations ware applied,
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C a9z 1.80 mbadm
Measured Head TSL paramaters (22.0 =0.2) "G 403 6% 1.85 mho'm £ B %
Head TSL temperature change during test <0.5°C - ———
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Congition
SAR measured 250 mW Input power 133 mwW (g
SAR for nominal Head TSL paramebars narElized 1o TW 52.8 mW g = 17.0 % (k=2)
SAR averaged ovar 10 em” (10 g) of Head TSL condition
SAR measurned 250 mwW input power BAS MW /g
SAR for naminal Heasd TSL paramelers nermalized 1o 1W 24.7 mW /g = 16.5 % (k=2)
Body TSL parameters
The following paremetars and calculations wera applied.
Temperature Parmittivity Candusctivity
Nominal Body TSL paramelers 22.0°C 52.7 1.95 mha'm
Measured Body TSL parameters {220£02)"C E23xE8% 199 mho'm 2 6 %
Body TSL temperature change during lest < (.5 "C
SAR result with Body TSL
SAR averagad over 1 cm® (1 g) of Bady TSL Condition
SAR measured 250 mW input powar 127 mW /g
SAR for nominal Body TSL peremeters nonmalized o 1W 502 W ' g = 170 % (k=2)
SAA averaged over 10 am” (10 g) of Bady TSL condition
S4A messured 250 mW input poseer s mW g
SaR for nominal Body TSL parametars nommalized o 1W 236 mW ! g = 16.5 % (k=3)
Ceriificate Mo; D248002-734_May12 Page 3of 8

SGS Korea Co., Lid. # 18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31428 5700 f+8231 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Société Générale de Survellance)



Report File No.:  F690501/RF-SAR002046-A2

Date of Issue : 2013-02-15
Page : 140/ 144
Appendix
Antenna Parameters with Head TSL
Irnpadance, ransforned 1o leed point 53.30+36K
Ratwm Loss - 264 dB
Antenna Parameters with Bedy TSL
Impadancs, transformed to feed point 4880+ 51j0
Retum Loss - 25.8 d8
General Antenna Parameters and Design
| Electrical Deiay jone direction) | 1.153 ns

After kong tesmn use with 1008 radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The: dipole is made of standard semingid coaxal cable. The center conducter of the feeding line is directly connected o the
second arm of the dpole. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipals arms in erder i improve matshing when loaded aceording o 1he posilion a5 explained in the
“Mieasurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipale length is sl
according o the Standard.

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

Additional EUT Data

Manutsctuned by SPEAG
Manufactunad on May 07, 2003
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DASYS Validation Report for Head TSL

Date: 17.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

Communication System: CW Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o = |.85 mhofm; g, =40.3; p= 100 kg.r'mJI
Phantom section: Flat Section

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

DASYSZ Configuration:
s Probe: ES3DV3 - SN3205: ConvEi4.45, 445, 4.45); Calibrated: 30.12.2011;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 04.07.2011
= Phantom: Flat Phantom 5.0 {front); Type: QDOOOPS0AA; Serial: 1001
¢ DASYSZ 52.8.1(838) SEMCAD X 14.6.5(64659)

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

Reference Value = 97,190 Vim; Power Dnft = (.08 dB

Peak SAR (extrapolated) = 27.316 mW/g

SAR( g) =133 mWig; SAR(I0 g) = 6.19 mWi/g

Maximum value of SAR (measured) = 16.9 mW/g

-15E

A3TE

-18.34

I-ﬂ.ﬂ _

0 dB = 16.9 mW/g = 24.56 dB mW/g
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Impedance Measurement Plot for Head TSL

L7 Hae ZELT @9534135

EHZ s1: iuwFs 4833320 AL3IBF & 63T EH Z 438,889 889 MHx
e X

N, < K
Hld e, .
CH2 811 bas G dB/REF -38 4B

== = =t
& _‘_-_-_- & L ._d-'—'_'_"_.-_._.

"'H.x‘- -
k\'\. *}f‘-
Ei'ﬂ \ Pl
i W
Hid
ETART 2 75060 ABR I'ri'h: STOF 2 65BN B8 Mz
Ceificata Mo; D2450VE-T3_Mayi2 Page G of B
SGS Korea Co., Lid. #18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31 4285700 f+8231 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Sociéte Générale de Sunvellance)



Report File No. :  F690501/RF-SAR002046-A2
Date of Issue : 2013-02-15
Page : 143/ 144

DASYS Validation Report for Body TSL

Date: 15.05.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450%2 - SN: 734

Communication System: W Frequency: 2430 MHz

Medium parameters used; = 2430 MHz; a = 1.99 mho'm; & = 52.3; p = 1000 kg-'m"
Phantom section: Flat Section

Measuremnent Standard: DASY S ([EEETEC/ANSI C63,15-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvFi{4.26, 4.26, 4.26); Calibeated: 30.12.2011;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Snid]; Calibeated: 04072011
= Phanom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA; Seral: 1002
+« DASYS2 528 1(838); SEMCAD X 14.6.506469)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm,/Zoom Scan (Tx7x7Cube
Measurement grid; dx=5mm, dy=5mm, dz=3mm

Reference Value = 052010 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 25.791 mW/g

SAR(1 g) = 12.7 mW/g; SAR(10 g) = 5.95 mWig

Maximum value of SAR (measured) = 16.8 mW/g

-ldAR

-19.28

L. IS

0 dB =168 mW/g=24.51 dB mW/g
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Impedance Measurement Plot for Body TSL
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