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ing A Servizio svizzero di taratura
m%mmm @'} S/ S suisa Catibration Service
Accrediled by ihe Swiss Accreditation Service (BAS) Accroditation Me.: SCS5 0108

The Swiss Accreditation Sarvice s one of the signalories lo the EA
Multilateral Agreement for the recognition of calibration cerfificates

Thés calibeasion cenificass documants the traceabillly 1o national standards, which realizs the physical units of measurements (1)
The massuremenss and tha uncertainties with confidence probability sne piven on the following pages and am part of the cenificain

Al calibeations have bean conduced in the ciosed laborsioey Eacility. ervironment tempetaiuns (22 + 3)°C and humidity < T0%.

Cafibration Equipment used (MATE critical for calbration}

Primary Standoris 1] Cal Dais {Certificate ho. | | Scheduled Calitration
Powar miter E44108 GRA1793574 03-Apr-14 (Mo 21701811} Apr-15
Peoenr sensor E4412A MY 41408087 03-Api-14 (Mo 217-01971) Ape-16
Reforence 3 di Atenuitor SN 55054 [3c) | 03-Agr.14 (No. 21T-01015] Apr-15
Redarence 20 dB Atlenuaioe | SN SE277 (20 03-Apr-14 (Mo, 2170181 Agr-15
Refprence 30 dB Atlenuator SN 55139 (300) 03-Apr-T4 (Ho. 217-D1820) Apr-15
Reference Probs ESI0V2 Sh: 3013 30-Dc-14 (No. ES3-3013_Dec1d) Dec-15
DAES SN 660 14-Jan-15 (Mo DAE4-660_Jan15) Jan-16
Secondary Standasds D Check Date (in houss) Seheduled Check
| RF ganerator HP BB4BC US3IS42LRINTIO A-A1xg-88 (in henssar chock Ape- 1 in housa chack: Apr-16
Metwork Anatyzer HP 87538 | US37300585 1B-Oci-01 (i house chock Oct-14) In hauts check: Oct-15
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

Calibration Laboratory of

§ Schweirarischer Kalibrierdienst
Schmid & Partner G Service suisse détalonnage
Engineering AG g Servirlo svizzaro di taratura
Zoughaussirasse 43, O Turieh, Switzeriand Swiss Callbration Service
Acerediled by ihe Swaes Accrodiation Service (SA5) Accreditation Ne.; SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr it for the recognition of calibration cortificates
Glossary:
TSL lissue simulating ligusd
NORMax.y.z sansithvity in free space
ConvF sensitnity in TSL [ NORMx.y.z
DCP dioda compresskan point
CF erest factor (1/duly_cycls) of the RF signal
A B CD modulation depandent linaarization paramaters
Polarization @ i rotation around probe s
Polarization & 4 rotation around an axis that is in the plane normal to probe axis (al measurement center),
l.e., 5 =0 s normal to probe axis
Connector Angle information used in DASY system to align probe sensor X 1o the robot coardinale system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining tho Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Dovices: Measurement
Techniques®, June 2013

b) |EC 62209-1, "Procedura to measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2003

Methods Applied and Interpretation of Parameters:

+  NORMzx,y.z: Assessed lor E-fisld polarization 8 =0 (f < 900 MHz in TEM-call f > 1800 MHz: R22 waveguida).
NORMy.y.z are only intermadiale values, i.e., the uncertainties of NORMx.y.z does not affect the E-field
unceriainty inside TSL (see belaw ConvF).

«  NORM(Nxy.z = NORMyy.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions iater than 4.2. The uncerainty of the frequency response is included
in the stated uncertainty of ComvF.

s DCPxy.z: DCP are numerical linearization parameters sssessed based on the data of power sweep with CW
signal (no unceralnty required). DCP does not depend on frequency nor media.

« PAR PAR is tha Peak to Average Ratio that is nol calibrated but determined based on the signal
charactenshcs

s Axyz Beyz Cxyz Dryz VRxyz A B, C, D are numerical linearization paramaters assessad based on
the data of power sweep for specific modulation signal. The parameters do not dapend on fraquency nor
media, VR is the maximum callbration range expressed in RMS valtage across the diode.

s ConvE and Boundary Effect Parametars: Assessed in flal phaniom using E-fiedd (or Temperature Transfer
Standard for { < B00 MHz) and inside waveguide using analylical field distributions based on power
measurements for { > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values ane given. These paramelers ans
used in DASY4 software lo improve probe accuracy close to the boundary. The sensitivity in TSL comesponds
to NORMx,y.z * CanvF whereby the uncertainty comesponds 1o that given for CanvF, A frequancy depandent
ConvF is used in DASY version 4.4 and higher which allows extending the validily from £ 50 MHz to £ 100
MHz.

« Spherical isatropy (30 deviation fram isolropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna.

«  Sensor Offset: The sensor offsel comesponds to the offset of vinual measurement center from the probe tip
{on probe axis), Mo tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no

uncertainty requined),
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ET3DVE = SMN:1631 January 28, 2015

Probe ET3DV6

SN:1631

Manufactured:  October 12, 2001
Calibrated: January 28, 2015

Calibrated for DASY/EASY Systems

{Mote: non-compatible with DASY 2 systeml)
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ETI0VE- SN 1631 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor £ Unc (k=2)
Norm (uvivimPY 1.77 1.82 1.72 +10.1 %
| DCP (mv}" 101.8 5.0 | 101.4
Modulation Calibration Parameters
UiD Communication Systermn Name A B c | D VR Une'
dB | dBVpV | db m¥ (k=2) |
0 cw x| oo 00 | 10 | 000 | 2573 | :35%
Y oo | o0 1.0 227 8
Z 0.0 0.0 1.0 2514

The reported uncerlainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%.

* The uncenairtias of NermX. Y2 do nof affect the E*-feld uncestainty inside TSL (soe Pages 5 and 6)

* Musmerical linearization parameter: uncanainty nol requined

© |rcertainly i determined using the max. devestion from finoar response applying reciangutar distribution and i expressed for the square of the
field value
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

ET3DVE- SN: 1631 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Calibration Parameter Determined in Head Tissue Simulating Media

Raetative Conductivity Depth ™ Unet.
_FiMHz)© | Permittivity” (8im) " ComvEX | ConvFY | ConvFZ | Alpha® | {mm) {k=2)
300 45,3 0.87 7.57 7.67 T.67 D20 | 225 | £133%
450 435 0.87 74T | 747 747 026 | 275 | +133%
750 4.0 0.89 B.65 6.65 6.65 0.58 188 | +120%
B35 41.5 0.90 6.37 6.37 6.37 030 | 300 | £120%
800 41.5 097 6.25 625 6.25 030 | 300 | £120%
1750 40.1 1.37 5.34 5.34 534 056 | 254 | £12.0%
1800 40.0 1.40 5.08 | so9 5.08 080 | 208 | £120% |
1950 40.0 1.40 492 492 4.92 080 | 205 | +120%
2300 39.5 167 | a77 4.77 4.77 0.80 190 | £120%
2450 392 1.80 452 | as2 a52 | 080 | 190 | +120%

© Eraquency walidity abave 300 MHz of & 100 MHz only applies for DASY vi.4 and higher {sse Page 2}, eise il is restricled to £ 50 MHz. Tha
uncartaindy is the RSS ol the Com® uncortainty s cafibration frequency and the uncestainty lor (he indicatad frequency band. Frequency wallity
Bk 300 MHz i & 10, 25, 40, 50 and 70 MHZ for ConvF assesaments at 30, 64, 128 150 and 220 MHz respectively. Above 5 GHz frequency
walidity can e sxtanded to £ 110 MHz

¥ Al fraquencies balow 3 GHz, the validity of tssus paramaters (o and o) can e elixed to £ 10% if liguid compermsation formula & applied 1o
messured SAR valses, A Fequencies ahove 3 GHz, the validity of issus parametens (o and a) is restricted to £ 5%, Tho uncerainty i the RSS of
the ComyF uncemtaingy for ndicated tanget lisses pammmelon

‘“ 8 detanminad during calibration. SFEAG wamants. that 1f rernaining Sevision due 10 the boundary effect afier compansation o
mﬁmﬂm.!1%fmmqu|nn'um!mﬂ:mum:mhmm}ﬁmmwmuwmmwmﬁm
dhampter from (he boundary
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

ET30VE- SN:1631 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth ™ Unet.
fiMHz)° | Permittivity” (5im)" ConvE X | ComvFY | ConwFZ | Alpha® |  [mm) (k=2)
300 58.2 092 7.39 T.38 7.39 0.15 1.70 +13.3%
450 56.7 0,94 754 | 754 | 754 | 048 | 211 | £133%
750 55.5 0.96 626 | 626 | 626 | 028 | 300 | s120%
| 835 562 0.97 622 | 822 | 822 | 031 | 288 | £120%
1750 534 1.49 487 | 487 | as7 | o078 | 250 | £120%
1900 533 152 467 | 467 | 467 | 080 | 240 | £120%
| 2450 527 195 424 | 424 | 424 | 080 | 180 | +120%

© Frnquoncy valdity above 300 MMz of £ 100 MHz only appses for DASY v4.4 and higher (see Page 2], else & i restricted to + 50 MHz. Tha
uncerlanty i the RSS of iha ConvF uncertainty at calibeabon frequancy and fhe uncertsinty for th indicabed frequency band. Frequency wsdty
Dlow 300 MHz is = 10, 25, $0. 50 and 70 MHz for ConvF assessmants a4 30, 54, 128, 150 and 220 MHr respectively. Above 5 Giir requency
valicily can be exdended 1o 2 110 MH:
¥ At trpguincis Bolow 3 GHz. The validty of tissue parameders (c and o) con ba roloed fo = 10% & lquid compensation farmula is apgled b
measured SAR values. Al frequencies above 3 GHz, the validity of fissn parameters [z and o) & resinicied 1o & 5% Tha uncenainty is the RSS of
E-Wmmh-hﬂhwﬁwlﬁmmp«m

Alpha'Depth an detarnined during calibration, SPEAD wasrants that the remaining deviation dum ko Bhe boundary alfect alter Compensaton s
always hess than 2 1% for reqiencies baiow 3 GHz and below + 2% for frequencies between 3-8 GHz al any distance larger than half tha probe ip
diameter fram the boundary
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Report No.
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Frequency response (normaiized)

January 28, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field:  6.3% (k=2)
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

ET3DVE= SN: 1631 Januany 28, 2015

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM f=1800 MHz R22
Lo .-.J r o i [ ] . k4 k- 24 HII".II
¥ e [} (3 - 4 s .
Tet i ¥ z Tot X ¥ b
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Error [dE]

:Cﬂ!ﬁ"l': n:ﬁ'T.Tl—:: 'E:’.\_\‘r’r :=.:'.-'-_'r'i"'.

Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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ETIDVE= SN:1631 January 28, 2015

Dynamic Range f(SARyeaq)
(TEM cell , foe= 1900 MHz)
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Uncartainty of Linearity Assessment: £ 0.6% (k=2)
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ETIDVE- SM:1631 January 28, 2015

Conversion Factor Assessment

f = 900 MHz, WGLS RS (H_com#) = 1750 MHz WGLS R22 (H_com#F)

Deviation from Isotropy in Liquid
Error (&, 8), f =900 MHz

Devialion

a2 =
LeLpQER25a0

comas

40 -08 08 04 -02 00 02 04 08 08 10
Uncartainty of Spherical Isotropy Assessment:  2.6% (k=2)
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ET3DWE— SN 1531 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Other Probe Parameters
Sensor Arrangement Triangular
| Connector Angle () - 1360
Mochanical Surface Detection Mode enablaed
Optical Surface Deteclion Mode dLsaEiéE':
‘Probe Overall Langth 337 mm |
| Probe Body Diameler _'__ 10 mm
Tip Length 10 mm
Tip Diametes 6.8 mm
Probe Tip to Sensor X Calibration Paint 2.7 mm |
[Prabe Tip to Sensor ¥ Calibration Paint 2.7 mm |
Probe Tip to Sensor Z Calibration Point 2.7 mm
1 Recommended Measurement Distance from Surface _ 4 mm
Canificale No: ET3-1631_Jan15 Page 11 of 11
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HCT OO LT

FCCID: ZNFH818P Issue Date: Apr. 30, 2015
Calibration Laboratory of e, Eihwkshahar Kalibek
Schmid & Partner %‘E G Service sulsse détalonnage

Engineering AG T = g Servizio svizzoro di taratura
Zoughausstrasse &, 8004 Zurich, Switzerland and Swiss Callbration Service
Accredited by the Swiss Accroditation Service [SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service |s one of the signatories 1o the EA
Mubtilateral Agreoment for the recognition of calibration cerificates
ciient  HET| & Centificate No: EX3-3803_Aug14

[CALIBRATION CERTIFICATE
———— —_ —————
Otject EX30V4 - SN:3903
Cailibyration procedise(s] QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, mmL-:as,vs
Calibration procedure for dosimetric E-field probes
Coalibration date ‘August 28, 2014

Report No.

This calibrasion certilicabe documants Ihe receatbilty to national standards, which reaiios the prysical wnils of measurernents (51)
Thi mansisrements and the uncertainties with confidence probatbsiity &ie ghen on the following pages and ane part of the cenificate

Al calibrations have been corducied in the cosed laboratory lacilly. erveonment iempenahems [22 & 3)'C and humidity < T0%.

Calation Equipment used (METE crifical for cafibraton)

Essued: August 78, 2014

Thés calibrabon carificale shall nol Be reproduced excopt in full withaut writhen approval of the laboratory

Primary Slandard o | Cal Date (Certificate No.) Schedulad Calbrabion
Power meler E44198 GEL12GIET O3-Apr-14 (Mo, 21T-01511) Apr-15
P sansor E44 124 MY 4 1498087 G3-Ape-14 (No. 7-01811) Ape-15
_Reforonce 3 9B Afenusior Sh: 55054 {3c) O3-Apr-14 (No. 217-01915) Hpr-15
Falsrense 20 ¢ Attorustor S S5ITT (3] 03-Apr-14 (No. 217-01919) Api-15
Riterence J0 0B Aleruator | SN: 55129 (306) 03-Apr-14 (No. 217-01620) Apr-15
Ratarance Probas ES30VE SN: 3013 30-Dac-13 {No. EG3-3013_Dec1d) Dec-14
DAE4 B SN 680 13-Doc-113 {No. DAEA-860_Dect3) Doc-14
Secondary Slandords L] Chack Dipbo (in housa) Sohedubed Check
| RF ganemice HP 88480 LIS 3642001700 4-Auig-00 (In house check Api-13) i house check: Agt-18
| Meatwoek Analyzer HP B7S3E | LIS37300585 18-0ct-D1 {in house check Del-13) In hose check: Oc-14 |
e _
Calibrated by Isran El-Hacug

s OAMW
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

Calibration Laboratory of AN, §  Schwaizerischer Kallbrisrcienst

Schmid & Pariner ey ¢ Service suisse d'étalonnage
Engineering AG 2 3 g Servio svizzaro df taratura

Zeughaussirasse 43, 8004 Zurich, Swittordand %’{‘.-—I-:}"\‘x? Swiks Calibration Service

Accrediled by Ihe Swiss Accrectabion Service (SA5) Agcroditation No.: SCS 108

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

Multilateral Agreament for the recognition of calibration conificates

Glossary:

TS0 tiesue simulating ligukd

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

pcp diode compression point

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

ABCD modulation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polarization 3 § rotation around an axis thal i in the plane normal to probe axis (at measurement center),

je, & =0k normal to probe axis
Connoctor Angle information used in DASY system Lo align probe sensor X 1o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absarption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tochniques®, June 2013

b} |EC 62202-1, “Procedure lo moasure the Specific Absomtion Rate (SAR) for hand-held devices used in close
praximity o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
*  NORMx .z Assessed for E-field polarization 8 = 0 (1 < 900 MHz in TEM-call; f > 1800 MHz: R22 waveguide).
NORMy.z are only infermediate values, L8, the uncertainties of NORMx.y.z does not affect the E°-field
uncertainty Inside TSL (see below ConvF).

»  NORM{x.y.z = NORMxy.2 * frequancy_response (see Frequency Response Chart). This ineanzaton is
implamented in DASY4 software versions laler than 4.2, The uncertainty of the Irequency response is included
in the stated uncertainty of ConvF.

s DCPxy.z DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on frequency nor media.

s PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

«  Axy.z Bryz Cryz Oryz VRey.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency noe
media. VR Is the maximum calibration range expressed in AMS voltage across the diode.

« ConvE and Boundary Effect Paramefers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f 5 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for | > 800 MHz. The same setups are used for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used In DASY4 software to improve probe accuracy close o the boundary. The sensitivity in TSL COMBsponds
to NORMyx,y,z * ConvF whareby ihe uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

»  Sphedical isotropy (30 deviation from isofrapy); in a feld of low gradients realized using a flal phantom
exposed by a patch antenna.

»  Sensor Ofsar The sensor offset corresponds 1o the offset of virual measurement center from the probe tip
{on probe axis). No tolerance required.

»  Connector Angle: The angle is assessed using the information gained by determining tha NORMx (no

uncerainly required).
Cenificats No: EX3-3903_Aug14 Page 2o 11
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Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Repaired: August 21, 2014
Calibrated: August 28, 2014

Calibrated for DASY/EASY Systems

(Mote: non-compatible with DASY2 systemn!)
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HCT OO LT

FCCID: ZNFH818P Issue Date: Apr. 30, 2015
EX30V4- SN:3903 August 28, 2014
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903
Basic Calibration Parameters

Sensor X Sensor Y Sansor £ Unc (k=2} |
Norm {pViVimy ) | 0,41 0.36 0.56 £10.1% |
DCP [mv)" | 101.7 103.2 98 1 | |
Modulation Calibration Parameters
uiD Communication System Hama A B c [+ YR Une"
dB | dBviv dB mv (e=2)
o W x| oo o0 | 10 000 | 1252 | =7 %
1 Y 0.0 0.0 1.0 134.1
| 2 0.0 0.0 10 128.7

The reporied 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%.

* Tha unceri@inties of HormX,¥.Z do not affect the E*-fisld uncenainty inaide T5L (see Pages 5 and 6)
.
Numarical

linenrization parsmeies unconainty not required

£ {Ancastainty is dedesmined using the max. deviabion from Enear response apphying reclangular distribution and is expressed for the sguare of tha

faelel varhie

Certfficate Mo EX3-3003_Aug14
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

EXI0V4- 5N.3003 Auguest 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz}© p.ﬁ:mF “ﬁ;ﬁﬁ‘” ConvFX | ConvF¥ | ConvFZ | Alpha® ﬂ{::mmlq m
B35 41.5 0.80 1003 | 10.03 1003 | 051 079 | +120%
800 41.5 0.97 9.87 987 9.87 050 | 072 | £120%
1450 40.5 1.20 B.60 B.69 B.69 0.27 105 | £12.0%
1750 40.1 1.37 B.33 8.33 8.33 055 | 065 | +120%
1900 40.0 1.40 B.11 B8.11 8.1 076 | 086 | +120%
1850 40.0 1.40 7.83 783 7.83 080 | 055 | +120%
2300 305 1.67 7.70 7.70 7.70 053 | 068 | +12.0%
2450 302 1.80 7.38 7.39 7.39 p42 | 077 | £120%
2600 39.0 196 | 722 7.22 7.22 048 | 074 | £12.0%
5200 36,0 466 5,56 5.55 5.55 0.30 180 | #131%
5300 35.9 4.78 532 5.32 532 0.30 180 | £131%
5500 35.6 4.96 5.05 5.05 5.05 035 | 180 | £131%
5600 35.5 5.07 4.85 4.85 4.85 0.35 180 | £13.1%
5800 35.3 5.27 4.74 4.74 4.74 .40 180 | £13.1%

© Eraquency validily abave 300 MHz of = 100 MHz eniy applies for DASY vl 4 and higher (see Page 2), sise I 5 resincied 1o £ 50 MHz. The
uncentaingy is the RSS ol the Com® unceriznly al calibration roquancy and (he uncerainty for the indicaled frequency band Frequency validity
Below 300 MHZ i & 10, 25, 40, 50 and 70 MHz for Convé gssessmants at 30, 84, 128, 150 ard 220 MHz respectively. Above 5 GHz frequancy
waliclity can b saxtended fo £ 110 MHz

¥ Al froquencies below 3 GHz, the validity of S3sue parmmatens (¢ and o) can be relixed o £ 10% if bouid compensation formula s applied to
maasured SAR valses, A frequenciss above 3 GHy, the validity of Bisue parameless (e and a) s restricied 1o £ 5% Tha uncartanty s the RSS of
e CoavF uncestaingy for indicated 1sigel leswee pammaebers

L] ae determined during calibration. SPEAG wanants that the remaining deviation dus 10 the boundary elfect afier compansalion is
alwpys bpss than 2 1% fof regusncios below 3 GHz and below = 7% for frequoncies between 3-8 GHz ot sy datance lager than hall the probe tip

diementiar from ther boundary.
Cerificate Mo EX3-3803_Aug14 Page 5af 11
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HCT OO LT

FCCID: ZNFH818P Issue Date: Apr. 30, 2015

EX30V4- 5M:3903 August 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unet.

f(MHz)® | Permittivity” (8/m)" ComvFX | ConvF¥ | ConvFZ | Alpha® |  [mm) [k=2)
B35 55.2 0.97 .78 8.78 9.78 020 | 147 | £120%
1750 534 1.49 B.02 B.02 8.02 042 | 086 | 2120%
1900 53.3 1.52 772 172 772 | 041 | 082 | £120%
2300 52.9 1,81 7.59 750 | 759 | om0 | o060 | 2120%
2450 52.7 1.88 7.29 7.29 729 0.80 0.57 +120%
2600 525 2.16 7.21 7.21 .21 D80 | 050 | £120%
5200 49.0 530 475 | 478 475 | 045 | 190 | +131%
5300 48.9 542 4.53 453 4.53 0.45 1.890 £131%
5500 486 565 415 4.15 415 | 050 | 190 | +131%
5600 48.5 577 4.01 401 4.01 0.50 1.90 +13.1%
5800 48.2 6.00 4.29 4.20 4.29 050 | 190 | 2131%

© Erpauuncy validity atova 300 MHz of £ 100 Miz only apsiies for DASY vi.4 and higher {see Page Z), efsa i i rosincied o £ 50 MHe The
mmmhgHmdhwummnwmmimmwmmnmfm Froquamcy walidity
bl 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments st 30, 64, 128, 150 and 220 Mz respeciivaly. Above 5 GHz frequency
validty can ba axtended 10 £ 110 MHz
’ummamk,Lnenl-dn,mmmm{:mdn]mberdn:ndﬂrln‘hﬂlnmmnﬂmlnﬂnﬂnnmdm
meascned SAR values. AL requancies pbove 3 GHz, the validity of tissus parametors (o and o) is reséricted to & 5%. The uncoranty is the RSS of
the CorF unceriainty for indicated 1adpal (asus parEmales:

% Alpha'Depsh ane wd during calration. SPEAG waeronts that this remaining devialicn due 10 the boundary efect afier compensation s
:hmphhH'u:nt'I\infHrmwrnllnum:!Gmmhmrﬁlwh-qmmﬂm}imtatwmwmrﬂﬂmmw
diamator from ihe boundary.
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FCCID: ZNFH818P

Issue Date: Apr. 30, 2015
EX3DV4- Sh: 3903 Aupust 28, 2014
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R2Z)
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Uneertainty of Frequency Responsa of E-field: £ 6.3% (k=2)
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EX3DWad~ 3N:-3803 August 28, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
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Issue Date: Apr. 30, 2015

EX30Va- 5N:3003

Dynamic Range f(SAR}caq)
(TEM cell , fova= 1900 MHz)

Input Signal [uv]

¥
220 A
i
F
L
.-"
| 1 1 1
10 100 10 10F
SAR [mWiem3)
- .
not compensabed compensated

Errar [d8]

Canificale No: EX3-3503_Augia

L -y - Rk S M

HAugust 38, 2014

101 109 0 o
SAR [mW/emid]
LA | LN
not compensated Companeaied

Uncertainty of Linearity Assessment: £ 0,6% (k=2)

109
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015
EX30V4- SN:3903 August 28, 2014
Conversion Factor Assessment
[ = 835 MHz, WGLS RS (H_com#f) = 1900 MHz WGLS R22 (H_comF)

Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz

-0 -08 08 04 02 00 02 04 08 DB 1.0
Uncertainty of Spherical Isotrapy Assessment: £ 2.6% (k=2)
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EX3004- SN:3203 August 28, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -v.:i-Er_.i_
[ Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Cverall Langth 337 mm
Probe Body Diameter 10mm |
Tip Length amm
Tip Diameter 2.5mm
Probe Tip Io Sensar X Callbration Point T mm |
| Probe Tip to Sansor Y Calibration Point T mm |
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface | 1.4 mm
Carificate Mo EX3-3903_Augid Page 11 of 11
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FCCID: ZNFH818P

Issue Date:

Apr. 30, 2015

Calibration Laboratory of

Schmid & Partner
Engineering AG
Zoughausstrasse 41, 5004

Zutich, Switzerland

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

Calibraton Equipment used (MATE crilical for calitwation)

Al calibeasors hawa boan conduckid in i closed laboratoy Facity. amirmnment iempersture (22 = 3)°C and Fumidity = TO%.

Standards L1} Cal Date (Certificate Ma.) Scheduied Calibraon
Power meter E44108 GE41Z938T4 03-Api-14 (Mo 21T-01811) A5
Pt gansor 44124 MY 41488087 03-Age-14 (Mo 217-01911) Apr-15
R @ 3 4E Allarunior SN: 55054 [3c) G-Ape-14 (Mo, 217-01615] Apr15
Rafesence 20 dB Atenuator SM: S5ITT | O-Apr-14 (Mo, 297-018109) Apr-15
Ruoference 30 dB Altenuntar S 55128 (300 (3-Apr-14 (Mo, 21T-01920) Ape-16
Refarance Probe ESIINVZ SH: 3013 30-Dec-13 (Mo. ES3-3013_Dectd) Dec-14
DAES SH; THS 30-Agr-14 (No. DAES-TED_Aprid) Apr-15
Secondary Standands 4] Check Date fin house) Scheduied Check
| RF genemior HP BS48C LISIB4FLI01 700 B0 (in Nneuse chack 1 In house check: Apr-16
Motwork Analyzar HP BTEIE US3T360885 1B-Dct-01 {in house chedk Oct-14) I house check: Oo-15
Calibrabed try:
Approved by

This calibrabion cerficals shall not be reprocuced exoopt in full wihout written aporovil of Ehe taboatory.
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

Calibration Laboratory of Py § Schwsizerischor Kalibriords

Schmid & Pariner % ¢ Service suisse détalonnage
Engineering AG L g Sonvisio svizzero di taratura

Zeughausstrasse &1, 8004 Zusich, Swiizerland *ﬁﬁ? Swiss Calibeation Service

Accreditet by the Swiss Accrodifation Service [SAS) Aceroditation Ho.: SCS 108

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

Mubtitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissuwe simulating bguid

MNORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORM:x .z

DCP diode compression poin

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

ABCD modulation dependent linearization parameiers

Polarization ¢ ip rotaticn anpund probe axis

Polarization & # rotation around an axis that s in the plane normal la probe axis (al measurement center).

la., B =0k normal to probe axis
Conneclor Angle information used in DASY system to align probe sensor X 1o the robel coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Datermining the Peak Spatial-Averaged Specific
Absorplion Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues®, June 2013

b} IEC 622091, “Procedure 1o measurs the Specific Absorption Rate (SAR) for hand-held devices used in close
procdmity to the ear (frequency range of 300 MHz to 3 GHzJ", Fabruary 2005

Methods Applied and Interpretation of Parameters:

«  NORM,y.z Assessed for E-field polarization 8 = 0 {f < 800 MHz in TEM-cell; | > 1800 MHz: R22 waveguida).
NORM,y.z are only intermediate values, Le., the uncertainties of NORMx.y.z does not affect the E’-field
uncertainty inside TSL (see below ComnvF),

. NORMfxy.z = NORMx,y,z * froquency_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inclueded
in the stated uncerainty of ConwF.

« [DCPxy,z DCP are numerical linearization paramelers assessed based on the date of power sweap with CW
signal (no uncertainty reguired), DCP does not depend on frequancy noe media.

« PAR: PAR is the Peak 1o Average Ratio that is nol calibrated but determined based on the signal
characteristics

s Axyz Beyz Cxy.z Deyz VRxyz A, B, C, D are numerical linearization paramaters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
madia. VIR is the maximum calibration range expressed in RMS voltage across the diode.

«  ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f = 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given, These paramelers are
used in DASY4 software i improve probe accuracy chose to the boundary. The sensiltivity in TSL cormesponds
o NORMx,y,z * ConvF whereby the uncertainty corresponds 1o that given far ConvF, A frequancy dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz.

«  Spherical isatropy (30 deviation fram isofropy): in a fiedd of low gradients realized using a flat phantom
exposed by a paich antenna.

« Sensor Offset: The sensor offset cormespands to the offset of virual measurement center from the probee tip
{on probe axis). No tolerance required.

« Connector Angle: The angle is assessed using the information gained by detarmining the NORMx (no
uncertainty required)
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EX3I0V4 - SN:206T Decamber 22, 2014

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 22, 2014

Calibrated for DASY/EASY Systems

(MNote: non-compatibe with DASY2 systeml)
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

EX3DVa— SM:3967 December 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Basic Calibration Parameters

Sensor X I Sensor Y | Sansor 2 [ Une (k=2}
Norrm (uiivim)y 0.53 0.44 | 0.49 +10.1 %
DCE (mv] 83.9 96.2 | 102.2
Modulation Calibration Parameters §
Ui Communication System Name A B c D VR | Unc™ |
dB8 | dBvav 48 mv (k=2
o W X 0.0 0.0 10 000 | 1480 | #£30%
¥ 0.0 00 | 1.0 1348
Fd 0.0 o0 | 10 138.3

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 o a coverage
prabability of approximately 95%.

A The uncerninties of Mom)LY,Z do not affect the E”.feld uncertainty inside TSL (see Pages 5 and £)
-
Humarical linearizaton parameter. uncaitainty rol requind
¥ \ncerainty i determined using fhe max. deviation kom Enear response apohing mectangular datribauticn and is expressed for the squane of Bhe
Tidie] e
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EX30V4- SM:3067 Dacembar 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth ™ Unet.
| f{MHz)® | Permittivity’ [Sim) " ConvF X | ConvEY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 10.18 1018 | 1018 0.80 0.61 £12.0%
835 415 0.90 8.75 975 975 0.80 0.61 +12.0%
800 415 0.97 9.56 0.56 9.56 0.39 089 | £120%
1450 40.5 1.20 B.40 B840 B.40 0.32 0.9 £12.0%
1750 40.1 1.37 8.59 8.59 8.59 0.64 070 | #120%
1800 40.0 1.40 8.13 g8.13 8.13 0.69 068 | +£120% |
1850 40,0 1.40 7.81 7.81 7.81 0.69 060 | +120%
2300 395 1.67 7.57 7.57 757 0.51 0.78 £120%
2450 392 1.80 T.16 716 718 0.50 077 | £120%
2600 39.0 1.96 6.88 6.86 8.86 0.40 0.92 £12.0%
3500 arg 2.9 7.10 7.10 7.10 041 0.95 £13.1%
5200 380 4,68 5.07 5.07 507 0.35 180 | +131%
5300 358 4.76 4.88 4.88 4.88 0.35 180 | +13.1%
5504 356 4.96 4.84 4.84 4.84 0.40 1.80 +13.1 %
5600 355 5.07 4.70 4.70 4.70 040 180 | £131%
5800 36.3 5.27 4,54 464 464 | 0ao | 180 | 2131%

© Eroguency validity sbove 300 MHz of = 100 MHz only applies for DASY v 4 and higher (see Page 2), sise it is restriched 10 & 50 MH:. The
uncatninty is the RSS of the Canvi unceriainty a1 casbration froquency and thar uncestinty for the ndicaied frequency band, Fraquancy validity
bt 300 MHzZ I5 2 10, 75, 40, 50 and 70 MHz for Comd assessments at 30, 64, 128, 150 and 230 MHE respectively. Abiove 5 GHz frequency
walidity can be axponded to 2 110 MHz.

" At Trecquencies beiow 3 GHz, the validity of tissue paramaters (c and o} can be felaand to = 10% if louid compensafion formuls is applied 1o
maasured SAR valus, Al equencies above 3 GHz. the validity of tissue paramalers (& and o s resincied 1o & 5% The incerianty i the RS of
1he ConvF uncertainty fof indcated mrgol lissus parametars

9 fha/Degih re detormined during caibration, SPEAG warrants (hal the remaining diviation dus 1o the beundary wifect alter compansation &
ahways less than £ 1% for frequencies befow 4 GHz anid below + 2% for frequencies between 3-8 GHz al any distance karger than haif the probe tip
dinreber Irom the boundasy,
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FCCID: ZNFH818P Issue Date: Apr. 30, 2015

EX30Va— SN XBET Decwmber 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz) © h%’ cmig;.:;;.-m ConvF X | ConvF Y | ConvFZ | Alpha® D:’::r ?ﬁﬁli .
750 55.5 0.96 0.68 5.68 966 0.58 0.71 £12.0%
B35 55.2 0.897 9.55 9.55 9.55 0.80 058 | £12.0%
1750 53.4 1.48 7.80 780 7.90 0.78 063 | +120%
1900 533 1,52 7.58 7.58 7.58 0.49 082 | +120%
2300 52.9 1.81 7.37 7.37 7.7 0.80 0.63 +12.0%
2450 52.7 1.95 7.10 70 | 740 0.73 066 | +120%
2600 525 2.16 6.97 687 6.97 0.80 057 | +120%

| 5200 49.0 5,30 4.50 4.59 4.50 0.45 190 | £131%
5300 489 4 542 4.43 4.43 443 0.45 1.80 +13.1%
5500 48.6 5.65 4,02 4.02 4.02 0.50 190 | £131%
5600 48.5 5.77 3.85 3.85 385 0.50 180 | +131%
5800 48.2 6.00 4.12 412 4.12 0.50 180 | £131%

"Fm\:]dn-pmamMH;dﬂtﬂWltmwmﬁ!:rnASi'ﬂlﬂmhmlmPmﬂ].ﬁudﬂlmmmtﬂhlhtTl'n
uncanainty is [he FESS of the Com uncerlainty at caltnalion frequancy and the uncertainty for the indcated frequency band, Fraquency validity
Bl 300 MHz is £ 10, 25, 40, 50 and 70 MHz for CormF assessmanis at 30, 84, 128, 150 ard 220 MHz respociively Abeve 5 GHz

whlidity can be exended bo 2 110 MHz

¥ Al frequencies balow 3 GHz, the valitity of lissus paramaters (= snd o} can be rlaxed fa £ 10% if Bguid compensation fonmua i appined o
rmaasuned AR values. At frsquencies sbave 3 GHz. the validity of tssue parmmeters (= and o is resinicied to £ 5%. The uncertainly 5 the RSS of
the ComvF uncartainty for ndicated langed lissus parameters

. 1 e detpemines during calibention. SPEAG warmants that tha rempining deviation due to e boundary effect after compansation 5
mmm:mruhmtmmhwac-n-uanuwwsﬁfmmnmlsﬁmmmrmhm-ﬁmhﬁfmmw
diamubar Trom he boursdany.
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Ex30V4- SN306T December 22, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX{, Wavequide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3004- SN.306T
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Uncertainty of Axlal Isotropy Assessment:  0.5% (k=2}
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EX30NVE- SM396T

Dynamic Range f(SARcaq)
(TEM cell , foua= 1900 MHz)

Decamber 22, 2014
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4— SH:394T Decambaer 22, 2014

Conversion Factor Assessment
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Deviation from Isotropy in Liquid
Error (§, 3), f=900 MHz
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Uncertalnty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30Va— SN.I86T Decomber 22, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensor Arrangemen| | B Tria.ngular.
| Connector Angle (7} -16.4
Mechanical Surface Delection Mode anabied |

Optical Surface Detoction Mode disabled

Probe Owverall Length . 3}? mim

Probe Bad'y' Diametar 10 mm

Tip Langth 9 mm

Tip Diameter 2.5mm |

Probe Tip to Sensor X Calibration Point 1 mm

Probe Tip to Sensor ¥ Calibration Point 1 mm

Probe Tip to Sensor £ Calibration Point 1 mm

Recommended Measurement Distance from Surface 1.4 mm
Cenlificate Mo: EX3-3967_Dec14 Page 11 of 11
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ciet  HCT (Dymstec) Cartificate No: D750V3-1014_Jul14
CALIEFIATIO_N CERTIFICATE =
Otijoct D750V3 - SN: 1014
Calbealion procetiss|e) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calibration dala; July 24, 2014

This calbration cerilicats documents the traceatlity bo national standards, which raaizo the physical units of mapsusements [S1h.
Tha measurements and the uncortainties with confidance probabdity ane given on tha foliowing pages and are part of the cenificabe.

All ealibrations have boen conducted in the closed laboratary taclity: envirohement lampiralure (22 + 3)"C and humidity < T

Casbration Equipmenl used (MATE critical for cafibrafion)

Primary Stsndands D& Cal Dnde (Cendicale Mo.) Schaduled Calibration
Porwor mntod EPM-3424 GB3TA807T04 08-001-13 (Mo, 2170182 Cct-14

Power sensor HP BAB1A US3TeReTE 03-Oel-13 (Mo, 207-01827) Oct-14

Power sensof HP B481A MY41092317 Of-0ct-13 (No, 21 T-01826) Def-14

Raterance 20 di Aftenuator SN: 5058 {20k} O3-Apr-14 [No, 217-01918) Apr15

Type-N mismabeh combinaton SH: 50472/ DEIZT O3-Apr-14 (Mo, 21701821} Apr-15

Roderonce Probe ES30V3 SN 3205 A0-Doe-13 (Mo, ES3-3205_Dec1 ) Dwc-14

DAE4 8 a0 30-Apr-14 [No. DAEL-E01_Apr1d) Apt-15

Socondary Standards 10 # Check Data (in house) Schiduled Chack
"AF ponarator ABS SMT-08 100005 - A0 (in howse chock Dct-13) n house eheci: Oct-16
Hatwork Analynar HP 8753E LISATADNGE5 S4206 18-0gt-01 (in house check Ocl-13) In housa chack: Oct-14

Rama Function
Calibraled by Clatidio Lsubiar Labhoratony Techmician
Approved byt Kalja Pokavic Technical Manager

=

Ismad: July 24, 2014

This calibration certilicabe £hall not e repoduced eucopt in ull withoul wiittan approval of B bomtory,
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The Swiss Accreditation Service ks one of the signatories to the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (freguency range of 300 MHz to 3 GHzJ",
February 2005

¢) KDB 865664, “SAR Measurement Reguirements for 100 MHz to 6 GHz"

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 ceriificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

s+ Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

« SAR for nominal TSL parameters: The measured TSL parameters are used 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%.

Certificate Mo: D7SOV3-1014_Jul14 Page 2 of 8
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Measurement Conditions
DASY system configuration, s {ar as nol given on page 1.
DASY Version DASYS V52.8.8
Extrapalation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametors 220°C 419 0.89 mhadm
Measured Head TSL parameters (22 0+02)"C 412+6% 0.92 mha'm £ 6 %
Head TSL temperature change during test <05°'C - mase
SAR result with Head TSL
SAR averaged over 1 em” (1 g} of Head TSL Condition
SAR measured 250 mW Input power 214 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 8.31 Wikg = 17.0 % (k=2)
SAR avernged over 10 em’ (10 g} of Head TSL condition
SAR measuned 250 mW input powar 1.40 Wikg
SAR for nominal Head TSL paramators rormakized to 1W 5.47 Wikg = 16.5 % (k=2)

Body TSL parameters
Tha following parameters and calculations were applied.

Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 (.86 mha/m
Measured Body TSL paramelars [22.0 £0.2)*°C 5391+6% 1.00 mho'm = 6 %
Body TSL temperature change during test <05C e -
SAR result with Body TSL
SAR averaged over 1.¢m’ (1 g) of Body TSL Condition
S5AR measured 250 mW input power 2.24 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W B.53 Wikg = 17.0 % (k=2)

condition
250 mVW input power
normalized o 1W

SAR averaged over 10 em® (10 g) of Body TSL
SAR measured
SAR lor nominal Body TSL parameters

1.48 Wikg
5.75 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 54201+ 25 1
Return Loss -265.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4940+ 03
Retumn Loss -43.4 dB

General Antenna Parameters and Design

Elegirical Defay (one dirsction) | 1.037 ns

Adter lang term use with 100W radiated power, only 8 slight warming of the dipole near the feedpaint can be measured.

The dipabs is made of standard semirigid coaxial cable. The center conductor of the feading line is 1:_hre<:1ly connected lo the
sscond arm of the dipole. The antenna s therelone shon-circulted for DC-signals. On some of the dipoles, small and caps
are added 1o the dipole arms in order o Improve matching when loaded according 1o the position as explained in Ih-_a
“Measuramant Conditions® paragraph. The SAR data are not allected by this changa. The overall dipobe length is still
according 1o the Standard. _

Mo excessive foros must be apphied to the dipole arms, because they might bend or the soddered connaections near the
foadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufaciured on March 22, 2010
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DASY5 Validation Report for Head TSL
Date: 24.07.2014

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V - SN: 1014
Communication System: UID 0 - CW; Frequency: 750 MHz .
Medium parameters used: f= 750 MHz; 0 =0.92 S/m: & =41.2; p= 1000 kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/MEC/ANSI C63.19-2011)
DASY32 Configuration:

«  Probe: ES3DV3 - SN3205: ConvF(6.37, 6.37, 6.37) Calibruted: 30.12.2013;

« Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sa601; Calibrated: 30.04.2014

« Phantom: Flat Phantom 4.9L; Type: QDOO0P49AA; Serial: 1001

s DASYSZ 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 53.98 V/m; Power Drift = (L01 dB

Peak SAR (extrupolated) = 3,23 Wikg

SAR( g) = 2.14 W/kg; SAR(ID g) = 1.4 Wikg

Maximum value of SAR (measured) = 2.52 Wikg

n
8

109

4.0

a8

1208

1500

0dB =2.52 Wikg =4.01 dBW/kg
Cartificate Mo; D7TS0V3-1014_Jull4 Page 5 of 8
Report No. . . . HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 158 of 209

HCT-A-1504-F004-3 TEL: +82 31 6456300 FAX: +82 31 645 6401



HCT OO LT

FCCID: ZNFH818P

Issue Date:

Apr. 30, 2015

Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 17.07.2014
Test Loboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014

Communication System: UID 0 - CW; Frequency: 750 MHz
B . | ]

Medium parameters used: =750 MHz: o = | S8/m: &, = 53.9; p = 1000 kg/m
Phantom section: Flat Section
Measurement Standard: DASYS ([EEENECFANSL C63.19-201 1)
DASYS2 Configuration:

= Probe: ES3DV3 - SN3205; ConvF(6.13, 6,13, 6.13); Calibrmted: 30.12.2013;

s Sensor-Surfsce: 3mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn601; Calibrated: 30.04.2014

« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (0
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 52.83 V/m; Power Dnift = 0,01 dB
Peuk SAR (extrapolated) = 3.28 Wikg

SAR(1 g) = 2.24 Wikg; SAR(10 g) = 148 Wikg
Maximum value of SAR (measured) = 2.61 Wikg

a8
0

-2.40
-4.80
-1.20

-9.60

-12.00

0dB = 2.61 Wikg =4.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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|CALIBRATION CERTIFICATE

DB35V2 - SN 441

Object

Calibration dala:

Calisration procedua(s)

QA CAL-05.v3

Calibration procedure for dipole validation kits above 700 MHz

January 23, 2015

Calibration Equipmant used (MATE critical lor calibration)

This calibealion carifcals documants e traceability o naional standands, which realize tha physical unils of measurements (31,
The measuremants and 1he uncertainties with confidanca probabillty ae given on the lalivwing pages and are pan of the certificate.

All calibraticns have been conductod in the closed labormory kacility: environmant ismperatune (22 = 3°C and humidity < 70%

Primary Standards iDs Cal Dite {Cantilicate Mo Schaduled Calibration
Power matar EFM-4424 GEIT4E0T0Y O7-Oct-14 (No, 21T-02020) Ocl-15
Power sansor HP 84814 US3r292Tea O7-Oct-14 (Mo, 217-02020]) Oot-15
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DAE4 M 601 1B-Aug-14 (Mo, DAES-601_Aug14) Aug-15
Secondary Standants D # Chack Diate (in house) Scheduled Check
AF genarator AAS SMT-D6 100005 D-Aug-99 {in house check Cot-13) In housa chack; Oct-16
Mabwork Analyzer HP BTS3E US3T 300565 54206 18001 (in housa chock Oct-14) In housa chack: Oct-15
Nama Functon s
Calibrated by: Michaal Wober Labaratony Techmclan ? %J—
]
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Glossary:

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

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

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

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

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used 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%%.
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Measurement Conditions

DASY systermn configuration, as far as not given on pags 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculalions were applied,
Temperatura Permittivity Conductivity
Nominal Head TSL parameters 220°C N5 0,90 mho/m
Measured Head TSL parameters (220+02)°C 4156% 0.93 mho/m = 6 %
Head TSL temperature change during test <05"C — e
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Caondition
SAR measured 250 mW input power 2.35 Wikg

SAR for nominal Head TSL parameters

narmalized o 1W

9.21 Wikg £ 17.0 % (k=2)

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

SAR measured

250 mW inpul powear

1.54 Wikg

SAR for nominal Head TSL parameters

nosmatized 1o 1W

5.04 Wikg = 168.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperalure Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mho/m
Measured Body TSL parameters (220=02)"C E58+8% 1.01 mho/m 6%
Body TSL temperature change during test <0.5°C - S
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW inpul power 2.40 Wikg
SAR for nominal Body TSL parameters normalized 1o TW 9.34 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL paramaters normalized to 1W B.14 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SC50108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed point 5Mya-10i0
Return Loss - 34.0 dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 4720-27i0
Return Loss -27 8 dB

General Antenna Parameters and Design

| Electrical Delay {one direction) 1.369 ns J

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

The dipole is made of standard samirigid coaxial cable, The center conductor of the feading line s directly connected 1o the
second arm of the dipole. The antenna is theralore shor-circulted for DC-signals. On some of the dipoles, small end caps
are added ta the dipole arms in order to improve matching when loaded according to the position as explained In the
"Measurement Conditions™ paragraph. The SAR data ara nol affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o the dipols arms, because they might bend or the soldered connections near the

leedpoint may be damaged.
Additional EUT Data

Manufactured by SPEAG

Manufactured on March 08, 2001
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DASYS Validation Report for Head TSL
Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 441
Communication System: UID 0 - CW; Frequency: 835 MHz )
Medium parameters used: [ = 835 MHz; o =093 S/m; &, =41.5; p = 1000 kg/m

Phantom section: Flat Section
Measurement Standard: DASY S (IEEETEC/ANSI Ca3.19-2011)

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 1001

« DASYS2 52.8.8(1222); SEMCAD X 14.6.1007331)

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

Reference Value = 56.43 ¥im; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.49 Wikg

SAR(1 g} = 2.36 Wikg; SAR(10 g) = 1.54 Wikg

Maximum value of SAR (measured) = 2.76 W/kg

df
]

-2.40
-4.80
-1.20

-9.60

-12.00

0dB =276 Wikg =441 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory: SPEAG, Lurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DR35SV - SN: 441

Communication System; UTD 0 - CW; Frequency: 835 MHz

Medium parameters used: { = 835 MHz: o = 1.01 5/m; &, = 55.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/NEC/ANSI C63.19-2011)

DASY32 Configuration;
« Probe: ES3DV3 - SN32035; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
»  Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+  Phantom: Flat Phantom 4.9L; Type: QDO00P49AA; Serial: 1001

« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=53mm, dz=5mm

Reference Value = 54.39 ¥Vim; Power Drifi = -0.02 dB

Peak SAR (extrapolated} = 3.53 W/kg

SAR(1 g) = 2.4 Wikg; SAR(10 g) = 1.57T Wikg

Maximum value of SAR (measured) = 2.80 W/kg
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Impedance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Datermining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b} 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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiphied 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
DASY system configuralion, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =35 mm
Frequency 1900 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mha'm
Measured Head TSL parameters (220£02)"C 385=6% 1.38 mho'm £ 6 %
Head TSL temperature change during test <05"C P e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL paramalers nermalized 1o 1W 40.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condifion
SAR measured 250 mW input pawar 520 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations ware applisd,
Temperature Permittivity Conductivity
Hominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (22.0£0.2) °C 52526% 1.51 mho/m £ 6 %
Body TSL temperature change during test <05*C —
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
S5AR measured 250 mW inpul power 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.8 Wikg = 17.0 % (k=2)
SAR averaged ever 10 cm® {10 g) of Body TSL condition
SAR measured 250 mW input power 5.29 Wikg
SAR lor nominal Body TSL parametars normalized to 1W 21.6 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impedance, transfermed to feed point 5l.i0+62j0
Raturn Loss -24.2dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 47,281+ T.0j02
Return Loss 222 dB

General Antenna Parameters and Design

Electrical Dalay (one direction) 1.193ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
sacand amm of the dipole, The antenna is theralore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loadad according to the position as explained in the
*Measurement Conditions™ paragraph. The SAR data are not affected by this change. The overall dipole length is sl
according to the Standard.

Mo excessive farce must be applied 1o the dipole arms, because thay might bend or the soidered connections near the
feedpoint may be damaged

Additional EUT Data
Manufactured by SPEAG
Manufactured on Decamber 10, 2004
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DASYS5 Validation Report for Head TSL

Date: 23.07.2014
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: UID 00 - CW; Frequency: 1900 MHz )
Medium parameters used: = 1900 MHz; a = 1.38 §/m; & = 39.5; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANSL C63.19-2011)

DASY 52 Conhiguration:
s Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
+ Sensor-Surface: 3mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 30.04.2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASYS252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value =99.40 Vim; Power Drift =0.02 dB

Peak SAR (extrapolated) = 18.6 Wikg

SART gh = 1001 Wikg: SARII0 g) = 5.29 Wikg

Maximum value of SAR (measured) = 12.9 Wikg

0dB=129W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Die: 23.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D190V - SN: 5d061

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz: o= 1.51 S/m; g, =52.5; p= 1000 kt:a"rlTL
Phantom section: Flar Section

Measurement Standard: DASYS (IEEENEC/ANS] C63.19-2011)

DASYS52 Configuration:
«  Probe: ES3IDV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30,12.2013;
+ Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOP50AA; Serial: 1002

« DASYS252.8.8(1222), SEMCAD X 14.6.10(7331)

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

Reference Value = 96,22 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 17.8 Wikg

SAR(1 g) = 10.2 W/kg; SAR(10 g) = 5.39 Wikg

Maximum value of SAR (measured) = 12.9 Wikg

-4.00
-B.00
-12.00

-16.00

-20.00

0dB=129Wikg=11.11 dBW/kg

Cenificate No: D1900V2-5d061 _Jul14 Page Tof B

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 176 of 209
HCT-A-1504-F004-3 TEL: +82 31 6456300 FAX: +82 31 645 6401

Report No.



HCT OO LT

FCCID: ZNFH818P Issue Date: Apr. 30, 2015
Impedance Measurement Plot for Body TSL
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, June 2013

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

s FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
MNo uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR narmalized: 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%.
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Measurement Conditions
DASY system configuration, as far as not given on paga 1.
DASY Version DASYS VE2Ba8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 30.2 1.80 mho/m
Measured Head TSL parameters (22.0£0.2)"C ITB£6% 1.85 mho/m + 6 %
Head T5L temperature change during test <05"C — =
SAR result with Head TSL
SAR avernged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wika
SAR for nominal Head TSL parameters nermalized to 1W 53.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6.28 Wikg
SAR lor nominal Head TSL parameters nermalized o 1TW 24,8 Wikg = 16.5 % (k=2)
Body TSL parameters
The follewing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20"C 2.7 1,95 mha/m
Measured Body TSL parameters (22.0£02)"C 506+6% 2.03 mho/m =6 %
Body TSL temperature change during test <05"°C s —
SAR result with Body TSL
SAR averaged over 1 cm’ {1 g) of Body TSL Caondition
SAR measurad 250 mVW input power 122 Wikg
SAR for nominal Body TSL parameters normalized to 1W 51.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.9 Wikg = 16.5 % (k=2)
Cartificate Mo: D2450V2-743_Jul14 Page 2ol B
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5320+45j0
Return Loss -25.5dB

Antenna Parameters with Body TSL

Impedance, transtormed to feed paint 5080 +6830
Return Loss -24.1dB

General Antenna Parameters and Design

I Electrical Delay (one direction) I 1.160 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direcily connected 1o the
second arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On somea of the dipofes, small end caps
are added to the dipole ams in order to improve matching whan loaded according to the posiion as wqplained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overal dipole length is stil
according to the Standard

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

Additional EUT Data
Manufacturad by SPEAG
Manufactured on December 01, 2003
Cerificate No: D24500V2-743_Jultd Fage 4 of B
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DASYS Validation Report for Head TSL

Dane: 24.07.20014
Test Labormtory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System:; UID 0 - CW: Frequency: 2450 MHz )
Medium parameters used: f = 2450 MHz; o = 1.85 S/m; & = 37.8; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2011)

DASY 32 Configuration:
«  Probe: ES3DV3 - SN3205; ConvFi4.53, 4.53, 4.53); Calibrated: 30.12.2013;

Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn61: Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(1 g) = 13.6 Wikg: SAR(10 g) = 6.28 W/ikg

Maximum value of SAR (measured) = 17.8 Wikg

LR L]
EE ]
-11.9%

Aran

1295 |
0dB=17.8 Wikeg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.07.2014
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium paramelers used: [ = 2450 MHz; o= 2.03 §/m; & = 50.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/MEC/ANSI C63,19-2011)

DASY 52 Configuration:
« Probe: ES3DV3 - SN3205; ConvFi4.35, 4.35, 4.35); Calibrated: 30.12.2013;
+  Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (hack); Type: QDOOOP50AA; Senal: 1002

« DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95,80 Vim; Power Drift = -0.01 dB

Peak SAR (extrupolated) = 27.7 Wikg

SAR(1 g) = 13.2 Wikg: SAR(10 g} = 6.07 Wikg

Maximum value of SAR (measured) = 17.5 Wikg

ai

o

T

0o

1188

1848

F10m

0dB =175 Wikeg= 1243 dBW/kg
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Impedance Measurement Plot for Body TSL
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Report No.
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Accrediled by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS5 0108

Thae Swiss Accreditation Service ks one of the signatories to the EA
Muitilateral Agrosmant for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / NORM x.y.z
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 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 2 GHz)",
February 2005

c) KDB BB5E664, "SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Paramelers 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 Foint Impedance and Retum Loss: These parameters ara measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament al the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

« FElectrical 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.

« SAA nomalized: SAR as measurad, normalized to an input power of 1 W at the antenna
connectar,

= 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 85%.
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Measurement Conditions
DASY systermn configuration, as far as nof given on page 1.
DASY Version DASYS VE2A8
Extrapolation Advancad Extrapolation
Phantom Modular Flat Phamom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Head TSL parameters 20°C 39.0 1.98 mha'm
Measured Head TSL parametars (22.0=02) "C T2:0% 2,00 mha/m = 6 %
Head TSL temperature change during test =05"C - —
SAR result with Head TSL
SAR aversged over 1 cm’ (1 g) of Head TSL Condition
S5AR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parametars normalized to TW 56.5 Wikg = 17.0 % (k=2)
SAR averaged over 10em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL parametars normakized to 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The loliowing parameters and calculations were appliad.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 20°C B2.5 2,16 miho'm
Measured Body TSL parameters (220202} "C 503 +B% 220 mho'm 2 6%
Bedy T5L temperature change during test <05 — s
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW input powear 14,1 Wikg
SAR for nominal Body TSL parameters normalized o 1W 55.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR lor nominal Body TSL parameters nomalized o 1W 24.8 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transiommed to feed point 5000-21Q
Return Loss - 33.5 dB

Antenna Parameters with Body TSL

Impedance, fransicrmed to feed point 4560 -18(0
Return Loss -27.8d8

General Antenna Parameters and Design

Electrical Dalay (one direction) ! 1.150 ns

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

Tha dipale is made of standard semirigid coadal cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna s therefone short-circuited for DC-signals. On soma of the dipoles, small end caps
are added to the dipole arms in order to imprave matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excassive force must be applied 1o tho dipole arms, becausa thay mighl band of the solderad connactions mear the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on October 30, 2007
HCT CO., LTD.
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DASY5 Validation Report for Head TSL

Duare: 20.03.2015
Test Laboratory: SPEAG. Zunich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: [ = 2600 MHz; o =2 8/m; g = 37.2; p= 1000 kg}m'
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEIEC/ANSI C63.19-2011)

DASY 52 Configuration:
# Prabe: ES3DV3 - SN3205: ConvF(4.49, 4.49, 4.49); Calibrated: 30,12.2014;
+«  Sensor-Sorface: Jmm (Mechanical Surface Detection)
+« Electronics: DAES Sn601; Calibrated: 18.08.2014
*  Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001
« DASYS52 52.8.8(1222): SEMCAD X 14.6.10(7331)

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

Reference Value = 102.2 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.4 Wikg

Muaximum value of SAR (measured) = 18.9 Wikg

4.0

0dB =189 W/kg = 12.76 dBW/ikg
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Impedance Measurement Plot for Head TSL
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Report No.

DASYS Validation Report for Body TSL
Date: 25.03.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015
“ommunication System: UID 0 - CW; Frequency: 2600 MHz _
Medivm parameters used: {= 2600 MHz; o= 2.2 5/m; g = 50.3; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY S (IEEENEC/ANST C63.19-2011)
DASY52 Configuration:

= Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;

+  Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibruted: 18.08.2014

+«  Phantom: Flat Phantom 5.0 (back); Type: QDOOIPS0AA; Serial: 1002

« DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 96.03 ¥V/m; Power Drfi = 0,03 dB

Peak SAR (extrapolated) = 29.2 Wike

SAR(1 g) = 14.1 Wikg; SAR(10 g) = 6.27 Wikg

Maximum value of SAR {measured) = 18.6 Wikg

dB
o

-5.00
-1n.00
<15.00

-20.00

-25.00

0dB = 18.6 W/kg = 12.70 dBW/kg

HCT CO., LTD.
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Impedance Measurement Plot for Body TSL
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Actrediind by iha Swiss Accreditation Sarvice (BAS) Azcreditation Mo.: SCS 0108

The Swiss Accreditation Service is one of the signalories to the EA
Muitiinteral Agreament for the recognition of calibration cortificates

cient  HCT (Dymstec) Cortificate No; DSGHZV2-1107_Jan15

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:1107

Calibration procedurs(z) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz

Cfbration date: January 28, 2015

Thiin eafibration cenflicals documents e iraceabity io natonal standards, which realze (he physical units of measirements (51
Thi maasemmants and tha uncerainties with conlidence probabdity are given on tha followang pages and am parl of the oenilicals.

Al calibemtions. have beon contuciod in tha closed labomtory facity. environemant lemparatune (22 = 3)°C and humidty < 70%.

Calibration Equipmont used (MATE critical for calibmbian)

Primary Standands D& Cal Data (Corfificate Noj Scheduled Calibrabon

Porwair mater EPM-4424 GEITLAB0TDY OF-0ct-14 (Mo, 21 7-02020) Q15

Powar sonsar HP BLETA US3I72a27E3 07-Oct-14 (Mo, 217T-02020) Qct-15

Fower sensor HP B4E1A MYS108231 7 OF-Oct-14 (Mo, 217-02021) Det-15

Aaterance 20 dB Alsnunior SN: 5058 [20K) 03-Apr-14 (Mo, 21701916} Apr-15

Type-N mismalch combanation SN 5047.2 F 06327 03-Apr-14 (Mo, 217-01531) Apr-15

Raference Probe EX30V4 SN 3503 30-Dioc-14 (Mo, EXI-3500_Dacid) Dac-15

DAES SN: 601 18-Aug-14 (Mo, DAES-B01_Augid) Aug-15

Secondary Standisds |ID# Chck Dale {in housa) Scheduled Chock

RF genarnior R&S SMT-06 | 100005 D4-Aug-29 (in house check Oct-13) In house chock: Dct-16

Motwork Analyzor HP 8753 ] US373005E5 54208 18-0ct-01 [0 house check Cict-14) In housa check: Oa-15
Hama Funclion Signaturs

Cabirnted by: Michael Wetar Labaortony Techricion ”M

This caliwation cenificate shall nof be reproduced except in full wilhout withen &pproval of he Iaboradony

Approved by Katla Pokovia Tochnical Managst W

Issued: Janupny 29, 2016
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Calibration Laboratory of PR Sohwaimlacher Katlierdiamst
Schmid & Partner ] iyl
Engineering AG % C  garvizio svizearo di taraturs
Zoughaussirasse &3, 8004 Zurich, Switzerand i{,ﬁﬁ S  Swiss Callbration Service
Acerodited by the Swess Accradilation Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agresmant for the recognition ol calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
A, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC 62208-2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: "Procedure to determine
the Specific Absarption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Paramelers 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 liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed poinl.
Mo uncerainty required.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probability of approximately 85%.

Carfificate Mo D5GHzV2-1107_Jan15 Page 2 of 18
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Measurement Conditions
DASY system configuration, as lar as nol ghven on page 1
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Maodular Fial Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Rafio = 1.4 {Z direction)

Frequency

5200 MHz = 1 MHz
5300 MHz = 1 MHz
5500 MHz = 1 MHz
5600 MHz £ 1 MHz

5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The following parameders and calculations were applied.

Temperature Permittivity Conductivity
Mominal Head TSL parameters 220"C 3E0 4.68 mha/m
Measured Head TSL parameters (220 +0.2)"C JIx6% 4.56 mho/m £ 6 %
Head TSL temperature change during test <0.5°C e e
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 em’ {1 g} of Head TS5L Condition
SAR measured 100 mW input power 7.88 Wikg

SAR for nominal Head TSL parameders

normalized fo 1W

76.0 Wikg = 18.8 % (k=2)

SAR averaged over 10 cm® (10 g} of Head TSL condition
SAR measured 100 mW inpul power 2.26 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 226 Wikg = 18.5 % (k=2)
Carfificate No: DSGHZV2-1107_Jan15 Page 3 of 16
HCT CO., LTD.
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Head TSL parameters at 5300 MHz
Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head T5L parameters 220°C 359 4,76 mho/m
Measured Head TSL parameters (220+£02)°C AB126% 4 66 mho'm = 6 %
Head TSL temperature change during test =05°C = -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Canditian
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 80.8 W/ kg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAH measured 100 mW input power 2.32 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Mominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters {22.0202)°C 358=6% 4.86 mho/m £ 6%
Head TSL temperature change during test <0.5°C — -
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR moasured 100 mW input power 8,16 Wikg
SAR for nominal Head TSL parameters nomalized 1o 1W B81.6 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condithon
S5AR maasurad 100 mW input power 232 Wikg
SAR for nominal Head TSL parametars normalized to 1W 23.2 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 355 5.07 mho/m

Measured Head TSL paramaters (22.0=0.2)°C 35T +6% 4.87 mholm £ 6 %

Head TSL temperature change during test <0.5°C - —
SAR result with Head TSL at 5600 MHz

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

Report No.

HCT-A-1504-F004-3

SAA measured

100 mW input power

B.15 Wikg

SAR for nominal Head TSL parameters

normalized to TW

B81.5 Wikg = 18.9 % (k=2

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

SAA maasured 100 MW input power 2,32 Wikg

SAR for nominal Head TSL parameiers noamalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 353 597 mha'm

Measured Head TSL parameters (22.0 £0.2) "C 3B4x6% 5.18 mho/m = 6 %

Head T5L temperature change during test <05°C —_— e
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Caondition

SAR measured 100 mW input power 7.78 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

T7.8 Wikg = 19.9 % (k=2)

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

cordithon

SAR measured

100 mW inpul power

2.21 Wikg

SAR for nominal Head TSL paramaters

nermalized to 1W

22.1 Wikg = 19.5 % (k=2)
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Page 5of 16

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811
TEL: +82 31 645 6300

198 of 209

FAX: +82 31 645 6401



HCT OO LT

FCCID: ZNFH818P Issue Date: Apr. 30, 2015
Body TSL parameters at 5200 MHz
The lollowing parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.0 5.30 mho/m

Measured Body TSL parameters (22.02£0.2) °C 404 26 % 5.42 mha/m = 6 %

Body TSL temperature change during test <0.5*C wnnn -
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 cm” {1 g) of Body TSL Condition

SAR measured

100 mW inpul power

7.368 Wikg

SAR for nominal Body TSL paramaters

nommakized 1o 1W

73.8 Wikg = 19.9 % (k=2)

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

condition

SAR measurad 100 mW input power 2.05 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz

Tha following parameters and cabculations were apphed.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 20°C 489 5.42 mho/m

Measured Body TSL parameters (22.0£0.2) *C 402 = 6% 555 mho/m+ 6%

Body TSL temperature change during lest <05°C — e
SAR result with Body TSL at 5300 MHz

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

SAA maasured 100 mW input power 7.34 Wikg

SAR for nominal Body TSL parameters normalized to 1W 73.5 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm” {10 g) of Body TSL eondition

SAR measured 100 mW input power 2.05 Wikg

SAA for nominal Body TSL parameters normalized to 1W 20.6 Whkg = 19.5 % [k=2)
Cartificate No: D5GHzV2-1107_Jan15 Page 6ol 18
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Body TSL parameters at 5500 MHz
Tha following parameters and calculations ware applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.6 5,65 mho/m
Measured Body TSL parameters (22.0£02)"C 480+6% 5.82 mho/m + 6 %
Body TSL temperature change during test <0.5"C =xea waes
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em’ {1 g) of Body TSL Condition
SAR maasured 100 mW input power 7.87 Wikg
SAR for nominal Body TSL parameters normalized o 1W 78.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input pawar 218 Wikg
SAR for nominal Body TSL paramaters noemalized to 1W 21.9 Wikg £ 19.5 % (k=2)

Body TSL parameters at 5600 MHz
The following parameters and caloulations were applied.

Temperalure Permittivity Conductivity

Nominal Body TSL parameters 220°C 485 5.77 mho/m

Measured Body TSL parameters (22.0 = 02) °C 487 6% 5,96 mho/m = 8 %

Body TSL temperature change during test <05 e ——
SAR result with Body TSL at 5600 MHz

SAR averaged over 1.¢cm” (1 g) of Body TSL Condition

SAR massured 100 mW input powar 7.75 Wikg

SAR for nominal Body TSL parameters normalized o 1W T7.7T Wikg = 19.9 % (k=2)

SAR averaged over 10 cm” (10 g} of Body T5L condition

SAR measured 100 mW input power 215 Wikg

SAR for nominal Body TSL paramaters nommalized o 1W 21.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following pararmeters and calculations were applied,

Temperature Permittivity Conductivity
MNominal Body TSL parameters 220°C 48.2 6.00 mho'm
Measured Body TSL parameters (22.0+02)"C 484 6% 6.25 mho/m = 6 %
Body TSL temperature ehange during test <05°C ee e
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Conditicn
SAR measured 100 mW input power 7.51 Wikg
SAR for nominal Body TSL parameters normalized 1o TW 75.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR maasured 100 mW input powar 2.07 Wikg

SAR for nominal Body TSL paramaters

normalized to 1TW

20.7 Wikg £ 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 47.70-9410
Retum Loss - 20,1 dB
Antenna Parameters with Head TSL at 5300 MHz
Impadance, transformed to fead poimt 481 0-69j0
Return Loss -231dB
Antenna Parameters with Head TSL at 5500 MHz
Impedance, transformed 1o feed point 50.40-49jQ
Retum Loss - 26.2 dB
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed 1o feed point 5360-58|0
Ratum Loss -23.7 dB
Antenna Parameters with Head TSL at 5800 MHz
Impedance, translomed to fead point 54.30-54 2
Return Loss -23.6dB
Antenna Parameters with Body TSL at 5200 MHz
Impedance, transformed to leed paint 4730-82§0
Retumn Loss -20.2 dB
Antenna Parameters with Body TSL at 5300 MHz
Impedance, transformed 1o feed point 49610 -65)0Q
Retum Loss -23.7dB
Antenna Parameters with Body TSL at 5500 MHz
Impedance, transtormed to fead point 50T76-380
Return Loss -28.3dB
Certificate Mg: DSGHzV2-1107_Jan15s Page 5 of 16
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 54101 -54 1
Return Loss -23.8dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to leed point 5480 -4310
Raturn Loss -242d8

General Antenna Parameters and Design

| Etectrical Detay one direction) 1.195 ns

After long term use with 100W radiated powar, cnly a sfiight warming of the dipole near the feedpaint can be measured.

The dipole is made of standard semirigid coaxial cabla. The canter conductor of the feeding ling is directly connecied o the
sacond arm of the dipale, The antenna is themefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not alfected by this change, The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 11, 2011
Cenificate Mo: DSGHzV2-1107_Jan15 Page 10 ol 16
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DASYS5 Validation Report for Head TSL

Date: 28.01.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameiers used: = 5200 MHz; 0 = 4.56 S/m; & = 36.3; p = 1000 kg/m" , Medium parameters
used: = 5300 MHz; o = 4.66 5/m: g, = 36.1: p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; 5 =
4.86 8/m; g, =359 p= 1000 kgfm:" . Medium parameters used: [ = 5600 MHz; 0 =497 S/m; 5, =35.T:p=
1000 kg/m" , Medium parameters used: f = 5800 MHz; o = 5.18 S/m; & = 35.4; p= 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/EC/ANSI C63.19-2011)

DASYS2 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF(5.21, 5.21,
5.21); Calibrated: 30.12.2014, ConvF(5.12, 5.12, 5.12}; Calibrated: 30.12.2014, ConvF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

s Sensor-Surface: 1.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 18,08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOMOPS0AA; Serial: 1001
« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.92 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.8 Wikg

SAR(1 g) = 7.89 W/kg; SAR(10 g) = 2.26 W/ikg

Maximum value of SAR (measored) = 17.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube : Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.41 Vim; Power Drift = (.04 dB

Peak SAR (extrapolated) = 30.3 Wikg

SAR(I g) = 8.08 Wike; SAR(10 g) = 2.32 Wikg

Maximum value of SAR (measured) = 18.6 Wikg

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

Reference Value = 64.51 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.2 Wikg

SAR(I g) = 8,16 W/kg; SAR(10 g) = 2.32 Wikg

Maximum value of SAR (measured) = 18.9 W/ikg
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Dipole Calibration for Head Tissue/Pin=100mW, disi=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mepsurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64,39 Vim, Power Drift = 0,04 dB

Peak SAR (extrapoluted) = 32.2 Wikg

SAR(1 g) = 8.15 Wikg; SAR(10 g) =2.32 W/kg

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=1.4mm

Reference Value = 61.53 Vim; Power Drift =0.07 dB

Peak SAR {extrapolated) = 32.0 Wikg

SAR(1 g) = 7.78 W/kg; SAR(10 g) = 2.21 W/ikg

Maximum value of SAR (measured) = 15.5 Wikg

dB
0

-6.00
-12.00
-18.00

-24.00

-a0.00

0dB =178 Wikg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20,01.2015
Test Labormtory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 3200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: [ = 5200 MHz; 0 = 5.42 S/m; & = 49.4; p= 1000 kg/m’ , Medium parameters
used: = 5300 MHz; 5 = 5.55 S/m; g, =49.2; p = 1000 kg/m" , Medium parameters used: f = 5500 MHz; o =
5.82 S/m; £, = 48.9; p= 1000 kg/m’ , Medium parameters used: f = 5600 MHz; o = 5.96 S/m; &, = 48.7: p=
1000 kg/m’ , Medium parameters used: { = 5800 MHz; o = 6.25 S/m; & = 48.4; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/MEC/ANSI C63.19-2011)

DASYS52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(4.95, 4.95, 4.95); Calibrated: 30.12.2014, ConvF{4.78, 4.78,
4.78); Calibrated: 30.12.2014, ConvF{4.45, 4.45, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35). Calibrated: 30.12.2014, ConvFi(4.32, 4.32, 4.32}; Calibrated: 30.12.2014;

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

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0OAA; Serial: 1002
= DASYS2 52.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 58,76 V/im; Power Drift = -0.00 dB

Peak SAR (extrapoloed) = 28,7 Wikg

SAR(L gh = 7.36 W/kg: SAR(10 g} = 2.05 Wikg

Maximum value of SAR (measured) = 16.9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58,01 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(] g) = 7.34 W/kg: SAR(10 g) = 2.05 Wik

Maximum value of SAR (measured) = 17.1 Wikg

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 = 59.02 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.5 Wikg

SAR(1 g) = 7.87 W/kg; SAR(10 g) = 2.18 W/kg

Maximum value of SAR (measured) = 18.8 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Meosurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.52 Vim; Power Drift = 0,00 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 7.75 Wkg: SAR(10 g) = 2.15 Wikg

Maximum value of SAR (measured) = 18.7 Wikg

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

Reference Value = 55.60 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) =7.51 W/kg; SAR(1D g) = 2.07 W/kg

Maximum value of SAR (measured) = 18.3 Wikg

-10.00
-20.00
-30.00
-40.00

-50.00

0dB =169 Wikg=12.28 dBW/kg
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Impedance Measurement Plot for Body TSL
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