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and the

Calibration Equipment used (METE cxitical for calibration)

n—wmmmmmnmm.mmm:f~md (81

Accreditation No.: SCS 0108

with confidence probabidity are given on the following pages and are part of the cerificate.

uummmmmnmwmmmmsaxmm<m.

Primary Standads o Cai Date (Certficate No ) Schedulad Calbration
Power mater E44168 GB41253872 03 Ape-14 (No. 217-01911) Apt-15
Power sensor E4212A MYA14G8087 O3-Ape-14 (No. 217-01911) 15
Reference 3 o8 Atteruator SN 55054 (3c) O3Ape-14 (No. 217-01015) Apr-15
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Secordary Standards L8] Chack Date (in house) Schadules Checx
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

Calibration Laboratory of \\‘\‘:'_Z"x S Schweizerischar Kallbrierds

Schmid & Partner m ¢ Servics sulsse d'étalonnage
Engineering AG e g Servasiosvizzero & tarstua

Zoughaussirasse 43, 5004 Zurich, Switzertand i Swiss Callbrabon Service

Accredod by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is ona of the signatories 1o the EA

Multiistorsl Agroement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP diode comprassion point

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

A B,C,D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 4 otombonamundanammmisnthaplmenormulwomumsmmasmmtcemed.

|.&., 8 =0 is normal to probe axis
Connector Angie information usad in DASY system to align probe sensor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, *“Procadure lo 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

Methods Applied and Interpretation of Parameters:

« NORMx.y,z: Assessed for E-field polarization 8 =0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveaguide),
NORMzx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF),

o  NORM{xy.z = NORMx.y.x * frequency_response (see Fraquency Response Chart). This linearization Is
lmpiementodinDASYlsommevm'nnshlermmd.Z.TMunoemmyo(NWncyruponseismdwed
in the stated uncertainty of ConvF.

« DCPx.yz 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.

* PAR:PAR Is the Peak 1o Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axy.z Bry.z Cxy.z Dxyz VRxyz A B, C, Dam numerical linearization patameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode.

« Convf and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
meesmunentslostOOMHLThesamommmodfovasmmmulm;nrammappiedfor
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parametesrs are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMY,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependant
ConvF is used in DASY version 4.4 and higher which allows extending the vasdity from £ 50 MHz to = 100
MHz,

. wmlmopymdamnmmy)zMaﬁwdbwgradnmmdwmanalphmm
exposed by a patch antenna.

e Sensor Offset: The sensor offset corresponds 1o the offset of virtlual measurament center from the probe tip
(on probe axis), No tolerance required.

. ComoaovAngle:Theanguismmedusingmowofmauongamedbydowmlnhgmm(m

uncertainty required).
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
ETIDVE- 5N:1631 January 28, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm {(uVAVim)')" 1.77 1.82 1.72 £ 101 %
DCP (mV)” | 101.9 94,0 1014

Modulation Calibration Parameters

[uio [ Communication System Name A [ B | ¢C o VR Unc®
d8 | dBVuv g8 | mV | (k=2
0 cw x| 00 0.0 10 | 000 | 2573 | 335%
Y| 00 0.0 1.0 2218 |
1z] o0 0.0 1.0 2514

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

A The uncertainbes of NarmX,Y,Z 60 not affect he £ Huld uncertalnty nside TSL (wes Pages 5 and £)
" Numerical Inesrization parametar. uncartainty not regured
¥ Uncenainty is cetermined using 1he imax. deriation from: insar responss apphying rectanguiar duiiduton ond is exprossed for the square of the

field value
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
ETIOVE- SN1831 January 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

. . Refative | Conductivity l : Depth Unct.

{MHz) Pormittivity (Sim) ConvFX | ConvFY | ConvFZ | Alpha (mm) (k=2)
300 453 0.87 7.67 7.67 7.67 0.20 2.25 £133%
450 435 0.87 747 7.47 747 0.26 275 £13.3%
750 419 0.89 6.65 6.65 6.65 0.56 1.8 +120%
835 415 020 6.37 6.37 6.37 0.30 I 3.00 +120%
900 41.5 0.97 B.25 6.25 6.25 0.30 3.00 +12.0%
$750 40.1 1.37 534 534 5.34 0.56 254 £12.0%
1800 40.0 1.40 5.09 5.09 509 0.80 2.08 +120 %
1950 40.0 1.40 4.92 4.92 4.92 0.80 2.05 +120%
2300 39.5 1.67 4.77 477 a7 0.80 1.90 £12.0%
2450 302 180 | 452 452 | as2 0.80 1.90 £120%

© Frequancy validity above 300 MHz of & 100 Miz ooly applies for DASY v4,4 and higher (S8 Page Z), #ise & & restncted 1o ¢ 50 MHz. The
myu“%dm%wdwmmommmmwmwhmmym Frequency vilidity
besow 300 MHz is & 10, 25, 40, 50 and 70 MMz for Canvi® assessments at 30, 64, 128, 150 and 220 MHz respoctively. Above 5 GHz frequency
validity can be sxended 10 & 110 Mz

* At froquoncies below 3 GHz. the validity of tssue parameters (c and ) can be relaxed to & 10% If lquid compensation formula is appled 1o
meassured SAR values Athnmdesmswmwwummmws(ummnmmmz5$,TmmmnlmR53d
the Cor® uncertuinty for indicated larpet tssus perenotors.

AphaDepth are ed during thal Ihe remainng coviation dus 1o e b y offect after oo &
shamys loss than = 1% for fequencies below 3 GHz and below 2 2% for Fequencies butween 3.6 GHz at sty dstance larger than hall ihe probe Up
diamwster from the boundary
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FCC ID: ZNFH815PX Issue Date: Oct. 28, 2015
ETIDVE- SN:1631 January 26, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

T {MHz)© &wy' c“x’g;:f'w ConvF X | ConvF Y | ConvFZ | Alpha® ":-%“ :’k?itx
300 58.2 0.92 738 | 7139 739 | 015 | 170 | £133%
450 56.7 0.94 7.54 7.54 754 | 018 | 211 | +133%
750 555 096 626 6.26 626 | 028 | 300 | $120% |
835 552 097 6.22 6.22 622 | 031 | 288 | 2120%
1750 53.4 149 487 4.87 ag7 | o78 | 250 | +120%
1900 53.3 1.52 467 4.67 467 | 080 | 240 | 2120%
2450 52.7 1.95 424 | 424 424 | 080 | 180 | £120%

“ Frequency valdty above 300 MHz of & 100 Mz only appies for DASY w4 and higher (see Page 2) elsa Il Is restricted 1o = 50 MMz The
um:mmymh:RSSdlMCowFmmymmmwmnwumﬂmwbmumﬁwmybmd?muuwMy
Delow 300 Mz is ¢ 10, 25, 40, 50 and 70 MHz for ConvF sssessmants at 30. 84, 128, 150 and 220 MMz respectively. Above 5 GHz frequency
validity can be exended 1o £ 110 MMz
'MtwmamthG&leMdhmm(:-ma)mmnhnedm1|0%0Mwwmnww
maasured SAR vakies A:hqumnm]@u.mmmydmwmm(x-nda)-nﬂnctsdlox?& The uncertanty & the RSS of
hve ConvF uncertaenty for indicated target tissos peramaters.

% Alpha/Depih are determined dunng calibration SPEAG warrants thet Ihe remaining deviation due 1o Ine boundary sffect after compensation s
My:hum:1$1amcmwbdo-:GMzmdbdoa:?ﬁHoﬂrmncmm}GcﬂzalmdnmwMwmemuwm

dameter Fom the boundary
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FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

ET3DVE- SN:1631 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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ETIDVE- SN!1631

January 28, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22

Emor [d8)
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Red [
,h‘v-.r‘é_‘, ,-f"y__- f~x""7,Jl~<; 2500 Mr

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Issue Date:

Oct. 28, 2015

ET3DVE- SN;1631

Input Sgnal [WV)

Error [dB]

January 28, 2015

Dynamic Range f(SAR}¢ad)
(TEM cell , foa= 1900 MHZ)

.
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Cenificate No: ET3-1639_Jan15
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
ETIDV6- SN: 1631 January 28, 2015

Conversion Factor Assessment

f = 500 MHz WGLS R9 (H_convF) { = 1750 MHz WGLS R22 (H_conmF)

n - » » L w -~ " L) n Al x Bl T » .
LR Ll e
] 2J e ) 2
vl e - v

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

10 08 -06 -04 02 00 02 04 06 0SB 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
ETI0OVE- SN.1631 January 28, 2015

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

Other Probe Parameters

Sansor Arrangement Triangukar
Connectar Angle (7) o 1369 |
Mechanical Surface Detection Mode - enabled |
Oplical Surface Detection Made [T disabled |
Probe Overall Length 337 mm :
“Probe Body Diameter ‘ 10mm |
Tip Length Fo mm |
Tip Diamaoter 6.8 mm
Probe Tip to Sensor X Calibration Point 27 mm |
Probe Tip to Sensor Y Calibration Point ‘ 2.7 mm
Probe Tip to Sensor Z Calibration Point 27 mm
Recommended Measurement Distance from Surface — 1 4 mm
Certificate No: ET3-1631_Jan15 Pape 11af 11
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

Calibration Laboratory of A & s Ksbibelard

Schmid & Partner SN Sarvics suisse détalonnage
Engineering AG % Servizio svizrero i taratura

Mnunu?g: 8004 Zurich, Switzerdand "'a@a’( Swiss Calibration Service

Nty

Accredited by Ihe Swess Accraditabion Service (SAS) Accreditation No.: SCS 108

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

Muttitsteral Agr nt for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

AB.CD modulation dependent linearization parameters

Polanzation ¢  rotation around probe axis

Polarization 9 9 rotation around an axis that s in the plane normal to probe axis (at measurement center),

Le., 8 =0 is normal 1o probe axis
Connector Angle information used in DASY system to align probe sensor X 10 the robot coordinate system

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) 1EC 62209-1, "Procedure 1o 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

Methods Applied and Interpretation of Parameters:

o NORMY,y.z: Assessed for E-field potarization 8 = 0 (f < 900 MHz in TEM-cell; | > 1800 MHz: R22 waveguide).
NORMY.y.z are only intermediate values, Le., the uncertainties of NORMx,yz does not affect the E*-feld
uncertainty inside TSL (see below ConvF).

«  NORM(f)x.y,z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4,2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

o DCPx.yz 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.

* PAR:PAR is the Peak 1o Average Ratio that is not calibrated but determined based oo the signal
characteristics

o Axyz Bxyz Ceyz Dxyz: VRxy.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 nor
media. VR & the maximum calibration range expressed in RMS voltage across the diode.

e ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { s BOD MHz) and Inside waveguide using analytical field distributions based on power
measuramants 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 parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitiity in TSL corresponds
to NORMx,y,z * CanvF whereby the uncertainty correspords to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHZz

o Spherical Isofropy (3D deviation from isotropy): in a field of low gradients reafized using a flat phantom
exposed by a patch antenna.

« Sensor Offsat. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis), No tolerance required,

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

uncerainty required).
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HCT COLLTD
FCC ID: ZNFH815PX Issue Date: Oct. 28, 2015
EX3DV4- SN 3863 July 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z Unc (k=2) |
Norm ;Evrgwmf)‘ 0.37 | 0.35 0.45 £10.1 %
DCP (mV) 99.8 98.7 100.6

Modulation Calibration Parameters

uiD ["Communication System Name A B c D VR Unc"
d8 | dBVuV dB mv | (k=2) |
0 oW x| o0 60 | 10 | 000 | 1330 | 325%
i Y | 00 0.0 1.0 N
Z | oo 0.0 10 7460

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%.

* The uncerainges of NomX.Y.Z do rot atfect fhe E-fels uncertainty maide TSL {see Pages 5 and 6)

¥ Numerical ingartzation paramesar uncansnty not regured

© Uncertainty i determined uging ™he max. dovation from Ansar (espanse applyng rectangular disvribution and is sxpeosaed foc the square of the
Tl vatue.
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Oct. 28, 2015
EX30V4- SN:3863 July 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth ™ Unct.

| f[MHz)® | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 415 0.90 9.50 9.50 9.50 0.80 050 | £120%
900 415 0.97 9.21 a2 921 0.59 071 | £120%
1450 405 1.20 8.50 8.50 B.50 0.66 065 | $120%
1750 401 137 838 8.38 8.38 075 | 058 | $£120%
1900 400 1.40 8,02 8.02 8.02 0.78 059 | £120%
1950 40.0 1.40 7.71 7.1 7.71 0.58 070 | +120%
2300 395 1.67 7.48 7.48 7.48 0.54 069 | +120%
2450 392 1.80 7.15 7.15 7.45 0.70 059 | £120%
2600 39.0 1.86 7.05 7.05 7.05 0.50 074 | 2120%
5200 36.0 4.66 498 4.98 4.98 0.40 180 | 2131%
5300 359 478 477 477 4.77 0.40 180 | 213.1%
5500 356 4.96 4,76 4.76 4.76 0.40 180 | 2131%
5600 365 5.07 4.58 4.58 4.58 0.40 180 | *=131%
5800 353 527 4.55 4.55 4.55 0.45 180 | £131%

ermnmmmwnd-1wwwwhwvaanmqmpma #lse i is reswriciod 10 & 50 Mz The
uncertainty is the RSS of the Conm « y and the uncenainty for the indicated freguency band. Frequency validity
beiow 300 MHz s £ 10, 25, 40, &Du\cmmx'uComann)oﬂ 128, 150 and 220 MMz reapechively. Above 5 GHz frequency
Mcmbee:am:oﬂmmu

* Al frequencies below 3 GHz. the valdity of tissue parsmeters (c and o) Gan be rslaxed (0 + 10% # bguid compensation foomala = appliad
measured SAR values. Al frequencies above 3 GHZ. the vidity of tssue s (vand o) ™ d 1o £ 5%, The uncertainty = the RSS of
NCawFumﬂybrMW|mmm

9 AlphavDepth ate detarmined during calibration. SPEAG warrants that the remaining deviation dus to the boundary effect after compansaton is
uhvays 258 than £ 1% for frequencies balow 3 GMz and below = 2% for frequences between 3.8 GHz at any distance kvper than hall the peobe tip

dinmeter from the boundary
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
EX3DV4- SN 3463 July 24, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHZ) ¢ | m’ mm ConvEX | ConvFY | ConvFZ | Alpha® I ‘m'," ?:3)
835 552 0.97 9.43 9.43 943 | 080 | 061 | $120%
1750 53.4 1.49 7.80 7.80 780 | 052 | 075 | £120%
1900 53.3 1.52 7.36 7.36 736 | 026 | 118 | $120%
2450 527 1.95 697 6.97 8.7 080 | 050 | £120%
2600 525 216 6.87 .87 6.87 063 | 050 | $120%
5200 49.0 5.30 450 4.50 450 | 040 | 180 | £131%
5300 489 542 427 4.27 427 040 | 190 | #131%
5500 486 565 401 4.01 401 045 | 190 | £131%
5600 485 5.77 3.83 383 383 045 | 190 | 2131%
5800 482 8.00 407 | 407 407 | 050 | 190 | £131%

‘Frmvm.mmwdgtuommymuw«twm(mvmm.mu-mww:wmz.me
uWynMRSSd!MWumﬂmuwmhwyw!Munmmummohwum Froquancy vahitity
below 300 MMz in & 10, 25, 40, 50 and 70 MHz far ComF asseesments at 30, 64, 128, 150 ana 220 MH2 reapecively, Above 5§ GHz frequency
validity can be extended 1o ¢ 110 MHZ

" At troquencios below 3 GHz, tha validity of tissue perameters (r and ) Con bo rolaxed 10 £ 10 If lquid ¢ vation larmidn is appled 10
moaswred SAR values Amemmum3Gm.moum«ydmm(unoc)-vwwwfw The uncanainty & the RSS of
e Come uncartainty for Indcated target lissue canwmetens

“ AlphaOopth d cu i

arn ing cald SPEAG war thot the remaming deviation Gue 10 the boundary ffect aftar compersation in
-mmm:w.mmmacmmmw:nvammascmmmmwm|mmmup
dinmeter from the boundary
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EX30V4-- SN:3883 July 24, 2014
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
15+ T
144
. 137
g
,;é' 12 :
e
¥ E ..
a 1.0+ - - o . -
< 09 F
)
=
g ps
o
o
w7
06+ |
05 : ! R . e e
0 800 1000 1500 2000 2500 3000
f [MHz]
e ;
. RZ2
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCT CO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
EX30V4- SN.3863 July 24, 2014
B - N2
Receiving Pattern (¢), 3 =0
=600 MHz, TEM f=1800 MHz,R22
1] u
N . - “ . A
- - . El . L] .
Tol X Y b3 Tot X Y 4
' - p— -
g F
% 604 e o e e o S S o R e e FEPUENEPS — o B A ,._T
a
! " i 1 I bk A
’ Rot [
.
1 1—2'%1 f '.T:L 1 TT!n 2400 Mkiz
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Issue Date:

Oct. 28, 2015

EX3DV4- SN:-3683

Dynamic Range f(SAR}caq)

(TEM call , fouu= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

July 2¢& 2014
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FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
EXI0V4- SNI863 July 24, 2014
Conversion Factor Assessment
= 835 MHzZ WGLS R9 (H_convf) = 1900 MHz WGLS R22 (H_convF)
\

n T

§ 30 z i

i | "
L ’

w. ‘ 0 i » ar . -- .7:‘ [ ] w " » »n x n -
& -y i
i .. = £
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 08 068 04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN:3B63 July 24, 2004

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

Sensor Arrangement Trangular
Connector Angle () 716
Mecharical Surface Detection Mode o enabled
Optical Surface Detection Mode ' = disabled J
| "Probe Overall Length T 337 mm
Probe Body Diameter o 1o mm
Tip Length a ‘ g mm |
" Tip Diameter | 25mm
Probe Tip io Sensor X Galibration Point ! 1 mm |
Probe Tip 1o Sensor Y Calibration Point ‘ 1 mm
Probe Tip to Sensor Z Calibration Paint | 1mm
| Recommended Measurement Distance from Surface | 1.4 mm
Cerfificato No: EX3-3863_Jul14 Page 11 of 11
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Calibration Equipment used (MSTE criscal for calibeation)

mwmwmmmmmmmwmmamm;
mmummmmmmwwnwummnmdum

Mmmmmnmmwwmmmmzmmmuhnm.

Primary Standardy 0 Cal Date (Certificate N0} hedulod Calibration
Power meter E44168 GBA1293874 03-Apr- 14 {No. 217-01911) Ape-15
Fower sensor E44124 MY 41408087 03-Apr-14 (No_217-01911) Apr-16
e 3 dB Atensator SN S5084 (3c) 03-Apr-14 (No. 217-0191%) Apr-15
Rstarance 20 B Alteruator | SN. 56277 (200 03Ap-14 (No_217-01918) Agr 14
Reterence 30 d8 Attenuator SN: 55120 (100) 03 -Agr-t4 (No. 217-01820) Ape- 1§
Raf Probe E530V2 SN 3013 30.Dac-13 (No. ES3.3013_Dec13) Doc-14
DAE4 SN 789 N-Api-14 (No. DAELTEY_Aprid) Ape-15
Standards D Check Datn (n house) Scheculed Check
RF generstor HP 86480 USAG42U01 700 in house check Apr-1 In house chack: Ape 18
Network Analyzer HP ST53E | US37300585 18-0c1-01 {in house check Oct-14) | In house check: Oct-15
Name F
- ekl o
Approved by.
This calistabon certh sharl not be regroduced sxoept In full without writton appeoval of the laborsicry.
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: _Oct. 28, 2015

Calibration Laboratory of N n Abdhias Kb

Schmid & Partner — 2 Service suisse détalonnage
Engineering AG T g Servisio svizzero di taratura

Zoughsusstrasse 43, 8004 Zurich, Switzerland 3 /.f"‘\..w‘? Swisy Calibeation Service

Accredied by 1he Swiss Acediation Senvice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service s ane of the signatories to the EA

Nultilateral Agr for the recognition of catibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

ocP diode compression point

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

A BCD modulation dependent linearization parameters

Polarization ¢  rotation around probe axis

Potarization 8 8 rotation around an axis that s In the plane normal to probe axis (al measurement center),

L., 8 =0 s normai Yo probe axis
Connector Anghe information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 622091, “Procedure to measure the Specific Absorption Rate (SAR) for hand-heid devices used in close
proximity to the ear (frequency range of 300 MHz 1o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
o NORMYx,y,z: Assessed for E-fleid polarization 8 = 0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM.y.z are only intermediate values, i.e., the uncertainties of NORMx.y,z does nat affect the £ fleld
uncertainty inside TSL (see below ConvF).

o NORM{f)x,y,z = NORMx,y z * frequency_response (see Frequency Respansa Chart). This lineanzation is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

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

o Axyz Bryz Cxyz Dxyz VRxyz A B, C, D are numencal linearization parameters assessed based on
ttndataolpowsweepforspedﬁcmoduaﬂonsigml.Thepwametersdonotoependmfrequoncymr
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field {or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical 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 are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx.y,z * ConvF whereby the uncerainty corresponds 10 that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

. Spmw&wopy{aodowm!mlsouopy)-haheldotbwgmdloﬁsmﬂmdushgsﬂa!phanwn
exposed by a patch antenna.

. SomorOffset.Thaunsoloﬁsetwmswndswmoﬁsaolvlnwlmuemmmulmmmm
(on probe axis). No tolerance required.

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

uncertainty required).
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FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

EXI0V4- SN2967 December 22, 2014

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

Basic Calibration Parameters

Sensor X | Sensor Y Sensor Z Unc (k=2)
Nomm (uViVim)')" 0.53 0.44 0.49 + 101 %
DCP (mV)® 93.9 96.2 102.2
Modulation Calibration Parameters
11] Communication System Name A 8 c 0 VR Unc-
daB dBVpV d8 mv (k=2)
0 cw X | oo 20 | 10 | 000 | 1480 | £30%
| |y 0.0 0.0 10 | 1340 |
| z| oo | oo 10 | 1363 | |

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 1o a coverage
probability of approximately 95%.

* The uncertaintios of NoemX_Y,Z 60 oot atfoct the E7-field uncectainty inside TSL (tee Pages 5 and 6}
¥ Numerical ineanzason paemulen unogrtanty not reguired
® Uncerainty (s determinad using the max. deviation from linear

ponss appying ,mﬁsvmmmonemhxrhmmmm
fiwid value
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
EX30V4- SN:3967 Decembor 22, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 {MHz) € nmw W ConvF X | ConvF Y | ConvFZ | Aipha® D.n::‘)u m
750 41.9 0.89 10.18 10,18 10.18 0.80 0.61 +12.0%
835 415 0.90 9.75 9.75 9.75 0.80 0.61 $120%
300 415 0.97 9.56 9.56 .56 0.39 089 | +120%
1450 40.5 1.20 B.40 8.40 8.40 0.32 0.91 +120%
1750 40.1 1.37 8.59 8.59 859 0.64 070 | £120%
1900 40.0 1.40 8,13 813 8.13 0.69 068 | £120%
1950 40.0 1.40 7.81 7.81 7.81 0.69 060 | +£120%
2300 305 1.67 7.57 7.57 7.57 0.51 0.76 | +120%
2450 39.2 1.80 7.16 7.16 7.16 0.50 077 | £120%
2600 39.0 1.96 6.86 6.86 6.8 0.40 092 | +120%
3500 378 291 7.10 7.10 7.10 0.41 095 | $131%
5200 36.0 4,66 5.07 5.07 5.07 035 180 | 213.1%
5300 359 476 4.88 4.88 488 0.35 180 | =2131%
5500 356 4.96 4.84 484 484 0.40 180 | £131%
5600 355 5.07 470 4.70 470 0.40 180 | £131%
5800 35.3 5.27 464 464 464 0.40 180 | #131%

‘Fmvmmaunmzav:moumauy.pwuvumsvucmmgmm-z),muwm:5om:.m
WihRS&deWnuMhmnwm inty for the frog y band Freguency vaikiity
mmmmm,a.w.somrowm::w..ammwm,u.m,mmmwwmw Above & GHz frequancy
validity con be extended 1o £ 110 MHz.
'nmwmsm,mmumwm(zmo)mumma|“wmmmmnwwn
memndSARvuuuAlmqum!Gm.numatydumwmn(‘mdommw:b% The uncertainty is the RSS of
e Comvf uncertainty for Indicated target lissue parametes.

“ AphaDapth are detsrmined during caibration. SPEAG worrants thet the 0 due 1 the dary stfect alter comp s
mlmm:mfu-wmmammmnnmmmacmnmmummmmmw

diamanter from the boundary
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
EX30V4- SN:3667 Daecember 22, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.
T(MHZ)® | Permittivity" {Sim)* ConvF X | ConwFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.68 9.88 9.68 058 | 071 | £120%
835 55.2 0.87 9.55 9.55 9.55 080 | 058 | £120%
1750 534 1.49 7.90 7.90 7.80 078 | 063 | £120%
1800 533 152 7.58 7.58 7.58 049 | 082 | £120%
2300 529 1.81 7.37 7.37 7.37 080 | 083 | +120%
2450 52.7 1.95 7.10 7.10 7.10 073 | 086 | £120%
2600 525 2.16 6.97 6.97 6.97 080 | 057 | £120%
5200 49.0 5.30 4.59 458 459 0.45 190 | 213.1%
5300 489 542 4.43 443 443 045 | 190 | +131%
5500 48.6 5.65 | 02 4,02 4.02 0.50 1.80 | #131%
5600 485 5.77 3.85 3.85 3.85 0.50 100 | 2131% |
5800 482 6.00 412 | 412 412 0.50 190 | =131%

© Eraguency validity sbove 300 MHz of + 100 Mz only appies for DASY w4 4 and hghar (366 Page 2), eise It is restricted to * 50 Miz The
wwu«ynmRSSammFummyuwmmthmmmhmnmwywmecyvnhdly
helow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments af 30, 84, 128, 150 and 220 MHz respoctively. Above 5 GHz Fegquency
vality can be extended 1o = 110 MHz
'N(mmhw)w.hvmdmm(r.waa)mbomhnoto:10%liqmm1mnmnm¢mlo
mouuwSARnnu.Mkwm:@k,mnﬁﬂyd'mmm(zmdu)nmﬂnctodtocs’i The uncerianty & tha RSS of
the ConvF uncortamty foe indicated target tissue parameters

% Alpha/Depth are delermined during cibeation. SPEAG that the g tion dus 10 the boundsry efinct after Compensation (s
ahways less than = 1% for frequencies befow 3 GHz and below = 2% for frequencies between 3.6 Giiz at any dstance larger than half the probe Up
diametar from the boundary
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EXIDV4- SN.306T Decamber 22, 2014
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: ZNFH815PX Issue Date: Oct. 28, 2015
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
. . . . ? B

Enor [d8)

P
) () 19 it -8 4..;'-2—' ‘:‘-v 2 +3.5 4 230 o P30t g ig*

-~ A T 8 A 4 i Rt T
1k ‘0 ) w ]
Rol [1 -
1 x'-.T;'_ ~V._"-'.Hj- 1 WM 25005 W2
Uncertainty of Axjal Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARneaq)
(TEM cell , fo,a= 1900 MHz)
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.
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convf) f = 1900 MMz WGLS R22 (H_convF)

" -'"\“ =
i in ) =
i P
» "

G‘ 0 0 . ’t‘-x . o o "I o ) - " glf-u "A-- L 1 -~

Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

.10 -08 -06 04 -02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensor Arrangement | Trianguiar
Connector Angie (") | -16.4 |
Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode ' disabled |
Probe Overall Length 337 mm |
“Probe Body Diameter 10 mm |
Tip Length gmm
Tip Diameter 25mm
Probe Tip 1o Sensor X Calibrabon Point 1 mm
Probe Tip 1o Sensor Y Calibration Point 1 mm |
Probe Tip to Sensor Z Calibration Point T mm
Racommended Measurement Distance from Surface 1.4 mm
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerand

Accredited by te Swiss Accrodtation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating lquid

NORMx.y.z sensitivity in free space

ConvF sansitivity in TSL/ NORMx,y.z

pce diode comprassion point

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

A B CD modulation dependent linearization parameters

Polarization ¢ o rotation eround probe axis

Polanzation & 9 rotation around an axis that & In the piane normal {0 probe axis (at measurement center),
l.e., § =0 is normal to probe axis

Connector Angle Iformation used in DASY system lo align probe sensar X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 622081, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MMz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORMy,y,z: Assessed for E-figld polarization § = 0 {f < 900 MHz in TEM-cell. { > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediate values, i.e,, the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF)

o NORM(x.y.z = NORMx.y,z * frequency_response (see Frequency Response Chart), This linearization is
Iimplemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

e DCPxy.z: DCP ate numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty requirad). DCP does nol depend on frequency nor media.

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

o Axyz Bxyz Cxy.z Dxy.z VRxyz A, B, C, D are numerical lineanzation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on fraquancy nof
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

« ConyF and Boundary Effect Parameters. Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on powsr
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 are given. These parameters are
used in DASY4 software (o improve probe accuracy close o the boundary. The sensitivity in TSL coresponds
to NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz

e Sphericat isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sansor Offset. The sensor offset corresponds 1o the offsel of virtual measurement center from the probe tip
{on probe axis). No tolerance required

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

uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X SensorY Sensor Z Une (k=2)
Norm (uVAVIm)')" 0.53 0.58 0.57 +10.1%
DCP (mV)" 97.9 1 973 | 954

Modulation Calibration Parameters

uic C ication System Name A B c o VR Unc"
d8 dBvVuV ) mv (hk=2)
] cw x| o0 0.0 10 | 000 | 1544 | £30%
|y 0.0 00 | 1.0 | 1687 |
F3 0.0 00 | 10 | s |

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%.

* The uncertainties of NormX.Y,Z 00 not atfect the E” feld uncenairty inside TSL (see Pages 5 and 6)
" Numarical ineanzation parameter uncanamty not required
¥ Uncartainty s determined using the max. deviation from lnear response applying rectangular distnbution and i expressed for the square of the

Petd volue.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) Pm' co-(n;u;)mny ConvF X | ConvFY | ConvFZ | Alpha® mu "d-'?;
150 52.3 0.76 11,03 11,03 11.03 0.00 1.00 | £133%
835 415 0.90 9.22 9.22 9.22 0.51 078 | +120%
200 415 0.97 8.96 8.96 896 0.66 068 | +120%
1750 40.1 1.37 .7 7.74 77 0.64 063 | £120%
1900 40.0 1.40 758 7.58 7.58 0.46 074 | £120%
1950 40.0 1.40 7.33 7.33 7.33 045 076 | £120%
2300 395 167 7.23 7.23 7.23 0.52 069 | £120%
2450 39.2 1.80 6.86 6.86 6.86 0.51 070 | 2120%
2600 39.0 1.96 6.70 6.70 6.70 0.43 079 | £120%
5200 36.0 4.66 4.86 4.88 4.88 0.35 180 | £131%
5300 359 4.76 471 4.1 4 0.35 1.80 | #131%
5500 3586 4.96 4.62 462 462 0.40 180 | £131%
5600 355 507 450 450 4.50 0.40 180 | £131%
5800 353 527 l 442 442 4.42 0.40 1.80 | #13.1%

© Fraquency vabdity above 300 MHz of £ 100 MHz only appiies for DASY w4 and higher (see Poge 2), eise It is restricted 1o = 50 MHz. The
unoartainty Is the RSS of the ConvF uncantanty at calibration frequency sed the uncertainty for the ingcated frequency band. Freguency validity
balaow 300 MHZ iz £ 10, 25, 40, 50 and 70 MHZ for ConvF assessmants a1 30, 64, 128 150 and 220 MHz respectively. Above 5 GHr bequercy
ywidity cen be extended to + 110 MHz
' At froquencing betow 3 Gz, the validity of tissue parameters (c and a) can be reiaxed 10 + 10% ¢ igud formula »
measired SAR vilues. Al frequencies above 3 GMz, the validity of tisaue parameters (¢ and o) in restncled 10 = 5%, mmumRSSd
ImCamF uwnyfumﬁcu.dhgﬂlmm

4 during cal SPEAG warrants (hat the femaining deviation due 10 the boundary effect after compensation is
mlanhmt 1% for frequencies beiow 3 GHz and below £ 2% for requencies betwoen 3.6 GHz at any distance farger than hall the probe tip

dametar from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) © m' cmw ConvF X | ConvFY | ConvFZ | Alpha® o(.'::’,:)u m
150 619 0.80 10,65 10.65 10.65 0.00 1.00 133 %
835 55.2 0.97 9.15 9.15 9.15 0.65 0.72 +120%
1750 53.4 1.48 7.54 7.54 7.54 0.37 0.85 £120%
1900 53.3 1.52 7.23 7.23 7.23 0.73 0.61 +120%
2450 52.7 1.95 686 6.86 6.86 0.80 0.50 +12.0%
2600 525 2.18 6.68 6.68 6.68 0.80 050 | £120%
5200 48.0 5.30 436 4.356 4.38 0.45 1.90 £131%
5300 489 5.42 4.17 4.7 4.17 0.45 190 | 2131%
5500 486 5.65 3.89 389 389 0.50 190 | 2131%
5600 48.5 577 3.73 373 3.73 0.50 1.90 £131%
5800 48.2 6.00 4.12 412 4.12 0.50 1.90 £131%

© Frequoncy validity above 300 MHz of = 100 MHz only agpoles for DASY w4 and higher (see Page 2), slse I is restricied 1o = 50 MHz. The
uncertninty is the RSS of the ConvF unceranty at calibration frequency nod the uncestainty for the indcated fraguency band. Froguency validity
batow 300 MHz is 2 10, 25, 40, 50 andd 70 MMz for CorF assessments at 30, 64, 128, 150 and 220 MHZ respectivaly, Above & GHz frequancy
valitity can be axtenced 10 + 110 Mz
" Al frequencies below 3 GHz, ihe valkity of tissue parameters (c and o) can be relaxed (o £ 10% If igud compansation formeda & applied to
measued SAR values. Al reguencies above 3 GHz, the valaly of tissus parsmaters (x and o) is restricted 1o = 5% The uncertainty is the RSS of
g-twwvfwm-dwwlmm

are Insd during caib SPEAG wararts that the rermaining deviation due to the boundary effect after compensation is
ahwiys less than = 1% for frequencies below 3 GHz and below = 2% for Inequencies betwsen 3-6 GHz at sny distance karger than half the probe tip
damator from tho boundary,

Centificate No: EX3-3707_Novid Page 6 of 11
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. £
of KOREA 189 of 281

HCT-A-1510-F001-1 TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD

FCCID: ZNFH815PX

Issue Date:

Oct. 28, 2015

EX3DV4- SN:3797

Frequency response (normalized)
o
T:iTITT 71T

November 18, 2014

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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1500
f [MHz)

-
2000

Uncertainty of Froquency Response of E-field: + 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz ,R22
" - x .'ﬂ‘ g X
g >
s R I e o e e B e i
il

- . t W S WS S S T SN S S

21 100 Al . 50

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}¢aq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 835 MH2 WGLS RS (H_conf) = 1800 MHz WGLS R22 (H_convF)

P
v

S (e
s 8 U
BAR [

Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz

-0 -08 08 -04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters
Sansor Arrangement Trianguiar I
Connector Angle (*) 115

"Mechanical Surface Detection Mode " enabied |
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm

| Probe Body Diameter 10 mm
Tip Length 1 T Omm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip 1o Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point T |
Recommended Measurement Distance from Surface 1.4 mm |
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Calloration Equipment used (MATE cntical for cakibration)
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Multilatoral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating Biquid

NORMx,y.z sansitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pce diode compression point

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

ABCD modulation depandent linearization parameters

Polarization ¢ p rotation around probe axis

Polartzation 4 §# rotation around an axis that is in the plane normal 1o probe axis (at measurement center),

e, & =0 s normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

3) IEEE Std 1528-2013, "IEEE Recommended Practice for Datermining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wirgless Communications Devices: Measurement
Techniques®, June 2013

b} 1EC 522091, *Procedure to measure the Spedific Absorplion Rate (SAR) for hand-held devices used In close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
o  NORMx y,2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; { > 1800 MHz: R22 waveguide)
NORMx.y,z are only intermediate values, Le., the uncertainties of NORMx.y,z does not affect the E.field
uncertainty inside TSL (see below ConvF).

o NORM{Nxy.z= NORMx.y.z * fraquency_response (see Frequency Response Chart). This linearization is
implemented In DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi®

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

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

o Axy.z; Bryz; Cxy.z Dxyz VRxy.x A B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modulation signal. The paramaters do not depend on frequency no¢
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > 800 MHz. The same selups are used for assessment of the parameiers applied for
boundary compensation (alpha, dapth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMx,y,z * Convi whereby the uncertainty corresponds 1o that given for ConvF. A frequency dependent
ConvF ks used in DASY version 4.4 and higher which allows extending the vabdity from £ 50 MHz to £ 100
MHz

o Spharical isotropy (3D deviation from isotropy): in a field of low gradients reakzed using a fiat phantom
exposed by a palch antenna,

« Sensor Offset: The sensor offset corresponds 1o the offset of virtual measurement center from the probe tip
(on probe axis). No {olerance required.

e Connector Angle: The angle is assessed using the Information gained by determining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z | Unc (k=2)
Norm (uVAVIm) Y 0.41 0.36 0.56 | 2101 %
" OCP (mV)" 101.7 103.2 981 |
Modulation Calibration Parameters
uiD Communication Systerm Name A 8 c 3] VR Unc
! a8 |aBvuv | | 98 | mv | (k2) |
0 | CW X | o0 0.0 0 | 000 | 1252 | #27% |
% 0.0 0.0 1.0 | 134.1
| Z 00 | 00 1.0 1287

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probability of approximately 95%.

A The uncenaintios of NormX.Y,2 do not affect the E”-lield uocarmamnty nside TSL (see Pages 5 and &)
" N | uncertainty not regurod
e max. deviation from linear response applying recisnguiar datridution and & expressad for the squire of the

r pa
* Uncartainty is determined using
fok! value
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Head Tissue Simulating Media

Ralative Conductivity Depth ” Unct.
f(MHz)® | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Aipha® | (mm) (k=2) |
836 415 0.90 10.03 10.03 10.03 0.51 079 | £120%
900 415 0.97 9.87 9.87 0.87 0.50 072 | £120%
1450 40.5 1.20 8.69 8.69 8,69 0.27 105 | $120%
1750 40.1 1.37 8.33 8.33 833 0.55 065 | +120%
1900 40.0 1.40 811 8.11 8.1 0.76 056 | +120%
1950 40.0 1.40 7.83 7.83 7.83 0.80 055 | £120%
2300 39.5 1.67 7.70 7.70 7.70 0.53 068 | 2120%
2450 392 1.80 7.39 7.39 7.39 042 077 | +120%
2600 39.0 1.96 7.22 7.22 7.22 046 074 | +120%
5200 36.0 4.68 5.56 5.55 555 0.30 180 | +131%
5300 35.9 478 5.32 5.32 532 0.30 180 | £131%
5500 35.8 496 5.05 5.05 5.05 0.35 180 | +£131%
5600 35.5 5.07 485 4.85 4.85 0.35 180 | 2131%
5800 353 5.27 4,74 4.74 4.74 0.40 180 | 2131%

=meyvuwm:\wmuouwoumomy-wmhmsvu.cmm4m9m2).dunnmuo¢m-somz The
uncertaintty is the RSS of the ConvF uncedainty at caitreson frequency and the uncerainty for the indicated faguency band. Frequency validity
below 00 MHz is = 10, 25, 40, 50 and 70 MHz for Corn® assessments at 30, 64, 126, 150 and 220 MHz respectively. Above 5§ GHz Fegquency
validity can be exteaded 10 2 110 MHz

¥ At froquencies bolow 3 GHz, the vaiidty of tissue parameters {¢ and o) can ba relaxed to ¢ 10% & kgud formuta = appliod o
measured SAR values. At frequencies sbove 3 GHz. the valicity of tmaue peranelers (¢ 3nd o) s restricted 1o = 5% The uncertsirty & ihe RSS of
the Conv uncertainty lor indicatied laeget Iissue parameters

9 Alpha/Depth are detemmined during calibeation. SPEAG warrants 1hat the remaining deviation due to the boundary affect after compensation is
mmm:mummmJmmmznmmm}ecﬂznmmMmmmmmmw

dameser from the boundary,
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unct,

 t{MHz)® | Permittivity” (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 56.2 0.97 9.78 9.78 978 0.20 147 | £120%
1750 53.4 1.49 8.02 go2 | 802 | 042 | 086 | £120%
1900 533 1.52 7.72 7.72 1.72 0.41 082 | £120%
2300 52.8 1.81 7.59 7.59 7.59 0.80 060 | £120%
2450 52.7 1.95 7.28 7.29 7.29 0.80 057 | £120%
2600 52.5 2.16 7.21 7.21 7.21 0.80 050 | +120%
5200 40.0 5.30 4.75 475 4.75 0.45 180 | $131%
5300 489 542 4.53 453 4,53 0.45 190 | +131%
5500 48.6 565 4.15 4.15 4.15 0.50 190 | £131%
5600 485 5.77 4.01 4.01 4.01 0.50 190 | £131%
5800 482 6.00 420 4.20 4.29 0.50 190 | £131%

‘Frwmub!ymowomd:1mmmwupaubmsvwlndm(m9mﬂMunumw:ﬁomYho
unceasindy s e RSS of the Comvi’ uncertainty & catbrabion frequency and the uncenainty for the Incicated frequency band. Fraquency validity
below 300 MHz is ¢ 10, 25, 40, S0 wnd 70 MHz for ConwF assesaments at 30, 64, 128, 150 and 220 Mz respectively Above 5 GHz frequency
vty can bo oxdended 10 = 190 MMz

' Al baquencies below 3 GHz, the vaiidity of lissus parameters (¢ and o) can be relaxed to + 10% f liguid 1 foomués @ apphed to
maasurad SAR vakies. Al raquencies above 3 GH2. the validity of tssue paramaters (¢ and o) s restricted 1o = 5% The uncertainty m the RSS of
the ConwF uccedanty for indicated target tissus paramuien:

“ Alpha/Depth are determined during caiibration SPEAG warants that the remaining deviabon due (o the boundary effect after compansshon s
mymuu-:mmmmaomuwwwzszmmmuammmmwmn-ﬂnmm

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

August 282014
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Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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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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Dynamic Range f(SAR,cz4)

(TEM cell , foun= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
= B35 MHz WGLS R9 (H_convF) [ = 1800 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (") 52
“Mechanical Surface Detecton Mode T enabled

Optical Surface Detection Mode disabled

Probe Overall Langth 337 mm

‘Probe Body Diamater 10 mm

Tip Length ' T 9mm |
“Tip Damoter 2.5mm

Probe Tip to Sensor X Calibration Point 1 mm

Probe Tip to Sensor Y Calbration Point 1 m?l

Probe Tip to Sensor Z Calibration Point 1mm |

Recommended Measurement Distance from Surface 74 mm |
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Calbrution procodureds)

Calbration cote:

This caliration cenifcale doouments the iraceatsity 1o national standards, which reakze the ghysical unds of massurements (SI)
The meamirements and the uncertainties weh corfidence probatality are given on the Tollowing pagis wnd are part of the cenicate.

Al calitvations have been conducted in the cosed lab y faciity: wiure (22 = 3)°C and hamidity < 70

Calibration Equapmeant used (MATE criical for catbration)

Frmary Standards D Cal Date {Certificate No ) Scheduled Cakbraton
Power meter EAL158 GE41293874 01-Ape-15 (No. 2497-02128) Mar-18
Power sensor EA412A MY&1488087 O1-Ape-15 (No. 217-02128) Mar-18
Reference § dB Attenuator SN: 55054 (3c) D1.Agr-15 (No. 217-02129) Mar.18
Ref 20 0B Amonuator | SN S5277 (20x) 01-Apr-15 (No._ 217-0213%) Mar-10
Reh 30 U8 Aleneator | SN 55129 (30b) 01-Api-15 {No. 217.0213%) Mar-16
Ret Probe ES3OVE SN 3013 30-Dec-14 (Na ES3-3013 Deci4) Dec-15
DAE4 SN 660 14-Jan-15 (N0 DAEA-860_Jan15) Jan.16
S y Standards 0 Check Cate (in house) Scheduled Chack
RE e HP B548C US35642001700 4-Aug-99 (i houss check Apr-13) In house check: Apr-18
A ek Analyzer HP 8753E USITIN0SES 18.0c4-01 [in house check Oct 14) In house check: Cc¢t-15
Calitstated by
Approved by
This calbration cortficate shall not be rep ancept in ful wethout wnttan approval of B laboratary
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Zoughausstrasse 43, 8004 Zurich, Switzeriand "{/";\\l:@? S Swiss Calibration Sarvics
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Accrodied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibeation certificates

Glossary:

TSL tissue simulating Bquid

NORMx,v.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pce diode compression point

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

ABCD modulation depandent linearization parameters

Polarization ¢ p rotation arpund probe axis

Polarzation 4 § rotation around an axis that  in the plane normal 1o probe axis (at measurement center),
e, §=0is normal to probe axis

Connactor Angle Information used in DASY system to align probe sensor X to the robot coordinate system

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 (frequency range of 300 MHz 1o 3 GHz)", February 2005

¢) |EC B2208-2, "Procedure to detarmine the Specific Absorption Rate (SAR) for wireless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz™

Methods Applied and Interpretation of Parameters:

o NORMx,y.2 Assessed for E-field polarization # =0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguide)
NORMx.y.z are only intermediate values, i.e., the uncartainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM{Nxy.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions later than 4.2. The uncertainty af the frequency response s Includad
in the stated uncertainty of ComvF

o DCPx,y.z: DCP are numerical lingarization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depand on frequency nor media

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

o Axy.z Bxy.z Cxyz Dxy.z VRxy.z A B, C D ate numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
madia. VR is the maximum calibration range expreased in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters appiied for
boundary compensation (alpha, depth) of which typical uncertainty values are given These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMzx,y.z * ConvF whereby the unceriainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending ihe validity from £ 50 MHz to £ 100
MHz.

« Spherical isotropy (3D deviation from isctropy}: in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

e Sensor Offser. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

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

uncerainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

x “Sensor X | Sansor Y . Sensor Z | Unc (k=2)
| Norm (V/(Vim))" 0.37 0.35 045 | 2101 % |
[ DCP (mV) 101.9 E 103.9 | 989 A
Modulation Calibration Parameters )
uib Communication System Name A 8 c "o VR Unc"
. , dB8 | dBVuv | a8 mV (k=2)
0 oW X | 00 00 10 | 000 | 1318 | #27%
y] oo | oo | vo | w9 ] |
z | oo 0.0 10| 1264

The reparted 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%.

* The uncenminiies of Norm XY Z ¢o not affect the E*-lek) uncenarty inside TSL (soe Pages § anc 8)
" Numencal benarzation paramater: uncertainty not reguired

 Uncurtainty is detenminad using the mas. di hon from Mnar resg Sppiyng rcianguine Ssinbasan and m sxpressed for the squave of the
fwid value
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Une

1(MHz)© | Permittivity” {sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 11.89 11.89 11.80 0.00 1.00 £133%
450 435 0.87 10.31 10.31 10.31 0.17 1.30 +13.3%
750 419 0.89 9.83 9.83 9.63 0.24 1.21 +120%
835 415 0.90 9.46 9.46 9.48 0.2t 130 | £120%
900 415 0.87 0.28 9.28 9.28 0.26 1.11 +120%
1450 40.5 1.20 8.31 831 8.31 015 1.81 £120%
1750 401 1.37 8.18 8.18 8.18 0.36 090 | £120%
1900 40.0 1.40 7.84 7.84 7.84 0.21 1.07 £120%
10850 40.0 1.40 7.60 7.60 7.60 0.31 0.80 £120%
2450 392 1.80 7.04 7.04 7.04 0.27 0.98 +12.0 %
2800 39.0 1.96 6.84 6,84 6.84 0.27 1.04 £ 12.0 %
3500 37.9 29 677 677 6.77 0.38 1.06 £131%
5250 359 4.71 494 494 4.94 0.35 1.80 £13.1 %
5600 355 5,07 4.44 4.44 4.44 0.45 1.80 £131%
5750 354 522 4.65 4.65 465 045 1.80 £13.1%

" Froquancy validily above 300 MHz of 2 100 MHz anly applios for DASY wi 4 and higher (see Page 2) abelbcuﬂMhtSOMﬂ: Tow
uncengnty 15 the RSS of the ConvP uncertairity st calbration frequency and the uwncenainty for the y hand. F vakdty
Detow 300 Mz is £ 10, 25 40, 50 and 70 MHz for CornF sssesaments at 30, 64, 129, 150“2?0!01:% AbwchNz'rmm:y
ammuw»-noum

" Al frequencies bolow 3 GMz, the varldity of tissue parameters (x and o) can b relaeed 10 £ 10% If igud comp L dn is sppled 1o
measured SAR values. Al ¥eguencies above 3 GH2. the validity of fssue parumeters (¢ and a) i restrcied © & 5% luuunanvmmRSSd
hwwlumnummom

& AlphaDepth are determined durng calitration. SPEAG warrants Tiat the remanng Gevason due 10 the boundary effect after componsation »
Sways 285 than + 1% for frequencios belew 3 GHz and below 2 2% for Megquancies between 3-6 GHz &t any datance farger than half the probe Sp

dameler from the boundary
Cortificate No: EX3-3883_Aug15 Page 5 of 11
HCT CO,, LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 210 of 281
of KOREA 0

HCT-A-1510-F001-1 TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD
FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
EX3DVA-- SN:3863 August 27, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc
1(MHz)® | Permittivity' (sim)’ ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 11.68 11.68 11.68 0.00 1.00 133 %
450 56.7 084 10.67 10.67 10.67 0.10 1.20 +13.3 %
750 55.5 0.96 9.76 9.76 9.76 025 | 116 £120%
835 55.2 087 | 940 9.40 9.40 0.23 1.44 £120%
1750 53.4 149 | 773 7.73 7.73 0.24 1.01 +120%
1800 533 1.52 7.48 7.48 7.48 0.39 080 | £120%
2450 52.7 1.95 7.11 7.1 7.1 0.31 080 | £120%
2600 52.5 216 697 | 697 8.97 0.33 080 | £120%
5250 489 5.36 444 | 444 | 444 | 040 | 190 | £131% |
5600 48.5 577 ar? ‘ 377 3.77 0.50 1.90 £131%
5750 48.3 594 4.08 l 4.08 408 | 050 1.90 £131%

* Froquency validity stiove 300 MMz of 3 100 Mz onty sppies for DASY v4.4 and highes (see Page 2), else # i resticted (o £ 50 MMz The
uncensinty i the RSS of the Coon® uncantainty at calbration frequency and the uncartainty for the indicaied frequency bend. Fraquency valdiy
Delow 300 MH2 is + 10, 25, 40, 50 and 70 Mz for ConvF aasesaments ot 30, 64, 128, 150 and 220 MH2 respectively. Abowe 5§ GHz frequency
valdty can be exdended jo £ 110 M

'Mmmmammmydimwmmu @nd ) can be relaxed 1o 2 10% I liquid compensation formula is appled 10
measures SAR values. Al frequencies above 3 Gz, the validity of Sssue parameters (v and =) s restricted 10 £ 5% The uncertanty is the RSS of
the ConvF uncertainty for indicaled target tesue porameters
Y Alpha/Depth are determned during callbraton. SPEAG wamants that the remanng deviaion dus 10 the b y effect after pUrBSton is
alwarys hess than £ 1% for Srequencies below 3 GHz and below ¢ 2% for frequencies between 3-6 GHz ot any datance inrger than had the prabe i
diameter from the Doundary
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FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
EX30VA-- SN:3863 August 27, 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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EX30V4.- SN3863 August 27, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz R22
- <
E_’; ! 2080y 5 gibns PR e R L B B e e e 33 349 s
b

Rl [7]

Uncaortainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Issue Date: Oct. 28, 2015

EX30DV4- SN:3B63

August 27, 2015

Dynamic Range f(SARcaq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCCID: ZNFH815PX Issue Date:  Oct. 28, 2015
EX30V4- SN 3863 August 27,2018
Conversion Factor Assessment
f= B35 MHz. WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_comf)
I z: »]
2 i £
3 3™
B B A T,
Deviation from Isotropy in Liquid
Error (6, 8), f = 900 MHz
<10 <08 08 04 02 00 0V2 a4 06 og 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN.3BE3 August 27, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

Sensor Arrangement “Trangular |
| Connector Angle () I 105.3 |
| Mechanical Surface Detection Mode T enabled 1

Opticai Surface Detection Mode disabled |
| Probe Overall Length | 337 mm
[ Probe Body Diameter == 10 mm
| Tip Length amm |
| Tip Diamater 25 mm
| Probe Tip to Sensor X Calibration Point 1 mm
| Probe Tip 1o Sensor Y Calibration Point 1 mm

‘Probe Tip to Sensor Z Calibration Pont 1 mm |

Recommended Measurement Distance from Surface T4 mm |
Certificate No: EX3-3863_Aug15 Page 11 of 11
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FCCID: ZNFH815PX

Issue Date:

Oct. 28, 2015

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughaussirasse 43, 8004 Zurich, Switzerland

Accredited by he Swiss Accreditation Service (SAS)
The Swiss Accreditation Service ks one of the signatories to the EA
Multilataral Agreement for the recognition of calibration certificates

ciet  HCT (Dymstec)

""V" W I\"\“

Schwetzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taroturs
Swias Calibration Service

Accreditation No.: SCS 108

Cartificate No: D750V3-1014_Jul14

CALIBRATION CERTIFICATE
Object D750V3 - SN: 1014
Calibention procedure{s) QA CAL-05.v8
Calibration procedure for dipoie validation kits above 700 MHz
Cadbration date July 24, 2014

Calbration Equipment used (MATE ontical for calibrasion)

This calibation certfficata documents The traceability to national standards, which reakze ihe physical units of measirements (S
The measurements and the unceraliins with confidence probabiity aro given on the following pages and ar pant of the ceniicate.

All calibrations have boen conducted In the closed labormory tacility: émvronmaent temporature (22 = 3)°C and humichty < 70%

Primary Standards D * Cal Date (Cortificate No.) Schoduled Casbtation

Pawer moter EPM-442A GBITL60704 09-0ct-13 (No. 217-01827) Oct-14

Powar sansor HP 84814 US37202783 09-0c1-13 (Na. 297-01827) Oct-14

Powsr sonsor HP 84814 MY41082317 09-Oct+13 (No. 217-01828) Oct-14

Aaterence 20 dB Attenuator SN 8063 (20k) 0G-Apr-14 (Na. 237-01918) Apr-15

Type-N mismatch combination SN: 85047 2/ 06327 03-Apr-14 (No. 217-01821) Apr-15

Ralerencs Probe ES3DV3 SN: 3205 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN 601 30-Apr-14 (No. DAES-£01_Apri4) Ape-15

Secondary Standards 10w Check Date (in house) Scheduled Chack

AF ganerator RAS SMT-08 100005 04-Aug-95 {In house check Oct-13) In housa check: Oct-16

Network Anadyzer HP 8753E USITIBOLES S4206 1800101 (in house chech Oct-13) In housa check: Oct-14
Nams Function

Caliveatad by Claudio Leublor Laboratoty Technician

Approved by: Katja Pokovic

lmwmmmncaleshaﬂwtbcWawemlntwmmummmmldmhbawy

lusued: July 24, 2014

Cortificate No: D750V3-1014_Jul14
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HCTCO,LTD

FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredied by the Swiss Accredtation Seevice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Ags for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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 (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 details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate 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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HCT COLLTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
Measurement Conditions
DASY system configuration, as far as not given on pags 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Froquency 750 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 418 0.89 mho/m
Measured Head TSL parameters (22.0+0.2)"C 412:6% 0892 mho/m=86%
Head TSL temperature change during test <05°C —eee —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.14 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 8.31 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 1.40 Wikg
SAR for nominal Head TSL parameters normaidized to 1W 5.47 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220°C 55.5 0.96 mhao/m
Measured Body TSL parameters (220+02)"C 539:6% 1.00 mho/m £ 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm” (1 @) of Body TSL Condition
SAR measured 250 mW Iinput power 224 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.63 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 148 Wihg
SAR for nominal Body TSL parameters normalized to 1W 5.75 W/kg = 16.5 % (k=2)
Cortificate No: D750V3-1014_Jult4 Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+25Q
Return Loss -266dB

Antenna Parameters with Body TSL

impedance, transformed to fead point 4A840+03jQ
Return Loss -434 dB

General Antenna Parameters and Design

[ Eectrical Delay (one direction) [ 1,037 s |

After fong term use with 100W radiated power, anly & slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable The center canductor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna is therefore shon-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 explainad in the
*Measuremant Conditions* paragraph. The SAR data are not affected by this change The overall dipole length is still

according 1o the Standard
No excessive force must be applied o the dipole arms, because they might bend or the soiderad connections near the
feedpoint may be damaged,
Additional EUT Data
Manutactured by SPEAG
Manufactured on March 22, 2010
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FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

DASY5 Validation Report for Head TSL

Date: 24.07,2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT;: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014

Communication System; UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; 6 = 0.92 S/m: g, =41.2: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANS] C63.19-201 1)

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(6.37, 6.37, 6.37); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOPA9AA: Senal: 1001

« DASYS5252.8.8(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=5mm, dy=5mm, dz=5mm

Reference Value = 53.98 V/m: Power Drift =001 dB

Peak SAR (extrapolated) = 3.23 Wikg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.4 W/kg

Maximum value of SAR (measured) = 2.52 Wikg

i
v
190
4m
90 N
Ve
1508

0dB =2.52 W/kg =4.01 dBW/kg
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Impedance Measurement Plot for Head TSL

24 Jul 2814 11149742

ECHI =44 Lt uUFr LAATEa 240604 S27.61 M THO.000 080 MKz
»
Dol
Lo \
P
; » -l
‘
\ /
v g
i6
Hla
CH2 Sis 108 S ¢gB/REF 20 o8 2 $-26:620.88  T50.000 59¢ Mtz
i + { 4 4 + + — +
—_ 1
- - - — . - + - . pm— !
—“\\‘ e
- . + e + . .
Cor ‘\\ -
4 4 + 4 A5 + A " +
\\ 1/
+ 4 ‘ + —\ ‘7 } W] S| {
oy “ - - — - - - + -
18
4 4 4 4 4 " 4 4 4
Hid 4 4 4 : i i i i
START SE0.000 00b Mz ) - STOP 39Q.000 00D MMz
Cenficate No: D750V3-1014_Jul14 PageSof8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. £
of KOREA 223 of 281

HCT-A-1510-F001-1

TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD

FCCID: ZNFH815PX Issue Date: Oct. 28, 2015

DASYS5 Validation Report for Body TSL

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

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: { = 750 MHz: o = 1 S/m: g, = 53.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standurd: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.13, 6.13, 6.13); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Scnal: 1001

« DASYS2 52.8.8(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 Drift = 0.01 dB

Peak SAR (extrapolated) = 3,28 Wrkg

SAR(1 g) = 2.24 W/kg: SAR(10 g) = 1.48 W/kg

Maximum value of SAR (measured) = 2.61 W/kg

dB

0

-2.40

-4,80

-1.20

-9.60

-12.00

0dB =261 Wikg=4.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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Certilicate No: DB35V2-441_Jan15

CALIBRATION CERTIFICATE

Otyect D835V2 - SN: 441
Calibration procedure!(s) QA CAL-05.v8
Calibration date January 23, 2015

Calvration Equipment used (METE critical tor callbention)

Calibration procedure for dipole validation kits above 700 MHz

This caitwation cerificate documents the traceatiity 1o national standards, which realize the physical unts of measurements (S1).
The measurémeants and the uncarnainties with confidence probabiity ass givan on tha following pages and are part of 1he contificate.

All calibrations have baen conducted in the clased Inboratory tacility: environment temperature (22 « 3)°C and humédity < 70%,

Primary Standards iDa Cal Date (Canificats No.) Schoculed Cahbration
Power meter EFM-4424 GB37480704 07-0ct-14 (No. 217-02020) Oct-15
Powar senoor HP B481A UsS37292783 07-0ct-14 (No, 21702020} Oct-15
Powar sensor HP B481A MY41002317 07-Cct-14 (No. 217-08021) Oct-15
Foferonce 20 B Attenuator SN: 50586 (20%) 03-Apr-14 {No 217-01018) Apr-15
Type-N missnatch combinatian SN: 50472/ 06327 03-Apr-14 (No. 217-01921) Apr-15
Reotarance Probe ES30VY SN 3205 30-Dec-14 (No. ES3-3205_Dect4) Dec-15
DAEA SN: 601 18-Aug-14 (No. DAES-601_Aug14) Aug-15
Secondary Standards D0 # Chuck Date {in house) Scheduled Chock
AF genurator RAS SMT-08 100005 04-Aug-99 (in house check Oct-13) In house check: Oct-16
Notwark Anatyzer HP 8753E US37300585 S4206 18-00t-01 (I house chack Oct-14) In house check: Oct-15
Namo Funclion o
Calbirated by Michaal Weber Labotatory Tachnician ? '
]
Approved by: Katja Pokowic Techrical Managar

T

lssued: January 26, 2015
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Calibration Laboratory of

r S Schweizerischer Katibrierdienst

Schmid & Partner Service suisse ¢étalonnage
Engineering AG C  servisio misao & teraturs

Zoughausstrasse 43, B0D4 Zurich, Switzartand S Swiss Calibration Service

Accradited by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108

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

Multiiateral Ag for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "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) 1EC 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:

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

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

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

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

*» SAR measured: SAR measured 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 system configuration. &s far &s not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C as 0.90 mho/m
Measured Head TSL parameters (220x02)"C 41526% 0.83 mha/m + 6 %
Head TSL temperature change during test <0D5"C — e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.356 Wikg

SAR for nominal Head TSL paramastars

normalized to 1W

9.21 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW input power 1.54 Wikg

SAR for nominal Head TSL parameters namalized to 1W 6.04 Wikg = 16.5 % (k=2)
Body TSL parameters

The following paramaters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 552 0.97 mho/m

Measured Body TSL parametors (220:02)"C 558+6% 1.01 mho/m 26 %

Body TSL temperature change during test <05°C e —
SAR result with Body TSL

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

SAR measured 250 mW input power 240 Wikg

SAR for nominal Body TSL parameters normalized to 1W 9.34 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 250 mW Input power 1.57 Wikg

SAR for nominal Body TSL parameters normalized 10 1W 6.14 Wikg = 16.5 % (k=2)
Centificate No: D835V2-441_Jan15 Page 3ot 8
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 51702-1.0iQ
Retumn Loss -34.0d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 472Q-272
Return Loss -27984dB

General Antenna Parameters and Design

l Electrical Detay (one direction) I 1.368ns

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

The dipolo is made of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connacted to the
sacond arm of the dipole. The antenna is therelore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms, bacause they might bend or the soldered connections near the
feedpaoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on March 09, 2001
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DASYS5 Validation Report for Head TSL

Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D835V2 - SN: 441

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

Medium parameters used: f = 835 MHz; 0 =0.93 S/m: & =41.5; p = 1000 kg/m’
Phuntom section: Flat Section

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

DASY52 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
o Phantom: Flat Phantom 4.9L; Type: QDOO0OP49AA; Serial: 1001

» DASY52528.8(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=5mm, dy=3mm, dz=5mm

Reference Value = 56.43 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.49 W/kg

SAR(1 g) = 2.36 W/kg: SAR(10 g) = 1.54 W/kg

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

d8

0

-2.40

-4.80

-7.20

-9.60

-12.00

0dB =276 Wikg=44] 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, Zunch, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 441

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

Medium parameters used: I = 835 MHz; o = 101 S/m; & = 55.8; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
o  Probe: ES3DV3 - SN3205; ConvFi(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: QDOOOP49AA; Serial: 1001

« DASYS5252.8.8(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=5Smm, dz=S5mm

Reference Value = 54.59 V/im; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.53 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 2,80 W/kg

d8
0
-2.40
-4.80
-7.20
-8.60
-12.00
0dB =280 W/kg =4.47 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by 1he Swiss Acomditation Service (SAS)
The Swiss Accreditation Service is one of the signatoties 1o the EA
Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: D1800V2-2d007_Feb15

Obyect D1800V2 - SN: 2d007
Caltration procedura(s) QA CAL-05.v8

Calibration procedure for dipole valldation kits above 700 MHz
Calibration date.

February 19, 2015

This calibration cedilicale documants the traceatility to natonal standards, which reallze the physical units of measursmonts (S1).
The measuresnents and the uncertaintins with confidence probabdity are given on the following pages and are pan of ihe cenifioals.

All calbrations have been conducted In the closed laboratory faclity: environment lemperature (22 = 3°C and numidty < 70%

Calibration Equipment used (MATE critical for calibration)

Primary Standards D ¥ Cai Data (Centificase No.) Echedued Caltration
Powar meter EPMA42A GB374B0704 O7-Oct- 14 (No. 217-02020) Oct15
Powar sensor HP B481A US37292783 07-0ct-14 (No. 217-02020) Oc-18
Power sennor HP 8481A MY41082317 07-0Oct-14 (No. 217-02021) Oct1%
Ralarence 20 dB Attenuator 5N 5058 (20k) 03-Apr-14 (No. 217-01818) Apr-1%
Type-N mmmatch combination BN: 50472/ 06327 03-Apr-14 (No. 217-01621) Apr1s
Raterance Probe ES3DV3 | SN: 3208 20-Dec-14 {No. ES3-2205 Doctd) Dec-15
DAE2 | SN 60V 18-Aug-14 (No. DAES-601_Aug1e) Aug-15
Secondary Standards 03y Check Date (in house) Echeduled Chock
AF generator RAS EMT06 100008 O4-Aug-29 {in house check Oct-13) In house check: Oct-16
Network Analyzes HP B753E US373080585 S4206 1B-0ct-01 (In house check Oct-14) In house check: Oct-15
Name Functan
Caiitvnted by: Mictiasl Weber Laboratary Technician ?%
.
Approved by Katjn Pokovic Tachrucal Manager

e~

lssued! Febeuary 20, 2015

This calitvation certificals shall not be reproduced excent in full withaut weitten aporoval of the laboriony
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Calibration Laboratory of SO, Schiatioieshar ottt
Schmid & Partner % oo
Engineering AG g C  Survixio evizaero a tarsiurs
Zeughausstrasse 43, 8004 Zurich, Switzerland Y ,’ﬁ\\.\: S Swiss Calibration Service
Accradited by the Swiss Accroditation Service (5AS) Accreditation No.: SCS 0108

The Swiss Accroditation Sarvice is one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “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 (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 details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized 10 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 page 1.
DASY Version DASYs V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (220:02)"C B7+6% 144 mhoim 28 %
Head TSL temperature change during test <05"°C —-— —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.82 Wikg
SAR for nominal Head TSL parameters normalkized to TW 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAA measured 250 mW input power 512 Wikg
SAH for nominal Head TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)"C 517x6% 153mho'm 26 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 9.67 Wikg
SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 510 Wikg
SAR for nomenal Body TSL parameters normakized to 1W 20.3 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

impedance, transformed 10 leed point 4730Q-6902
Retumn Loss -224d8

Antenna Parameters with Body TSL

Impedance, transformed to faed point 438Q-710Q
Retumn Loss - 20,0 dB

General Antenna Parameters and Design

I Electrical Delay (one direction) l 1204 ns J

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o 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 s still

according to the Standard
No excessive force must be applied 1o the dipole amms, bacause they might bend or the soldered connections near the
feedpoint may be damaged
Additional EUT Data

Manufactured by SPEAG

Manutactured on July 23, 2001
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DASYS5 Validation Report for Head TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1800 MHz; Type: DISO0OV2; Serial: DISO0OV2 - SN: 24007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: = 1800 MHz; a = 1.44 S/m: g = 38.7; p= 1000 kglm"
Phantom section; Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 -« SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom; Flat Phantom 3.0 (front); Type: QDODOPS0AA; Serial: 1001

« DASY5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 9545 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 9.82 W/kg; SAR(10 g) =5.12 W/kg

Maximum value of SAR (measured) = 12.4 W/kg

dB
0
-4.00
-8.00
-12.00
-16.00
-20.00
0dB =124 Wikg=1093 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zurnich, Switzerland
DUT: Dipole 1800 MHz; Type: DISOOV2; Serial: DISOOV2 - SN: 2d007

Communication System: UID 0 - CW; Frequency: 1800 MHz

Medium parameters used: = 1800 MHz; o = 1.53 S/m: &, =51.7; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.77, 4.77, 4.77); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (buck): Type: QDOOOPS0AA; Serinl: 1002

» DASY5252.8.8(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=5mm

Reference Value = 93.07 V/m: Power Drift = 0.01 dB

Peak SAR (extrapoluted) = 16.9 W/ikg

SAR(] g) = 9.67 W/kg: SAR(10 g) = 5.1 W/kg

Maximum value of SAR (measured) = 12.1 Wikg

dB
0
-3.80
-1.60
-11.40
-15.20
-19.00
0dB=12.1 Wikg = 10.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE
Otsact D1900V2 - SN: 5d061
Calibention procedurads) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibetion dalo: July 23, 2014

Callbration Equgment used (MATE critical for calibration)

This calibration canificate documents 1he traceatxlity to national standarde, wich realae the physical units of measuremants {S1),
The measurements and the uncerainties with confidence probabilty are given on the following pages and are part of the cendicate.

| A calibentions have besn conductad In the closed laboratory facility: environment temperature (22 1 3)°C and humidty < 70%

Prmary Standands 10 Cal Dmte (Cericate No) Scheduled Calibration

Power meter EPM-442A GBI748074 09-0ct-13 (Np. 217-01827) Oct 14

Powet sensor HP BLBIA US37282783 09-0ct-13 (No. 217-01827) Oct-14
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The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agr nt for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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 (frequency range of 300 MHz to 3 GHz)",
February 2005

¢) 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 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.

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

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

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

SAR measured: SAR measured 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 1o calculate the
nominal SAR result.

The ramﬂed 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 an page 1.
DASY Version DASYS v528.8
Extrapolation Advanced Exirapotation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz = 5mm
Frequency 1900 MHz + 1 MH2
Head TSL parameters
The following parameters and calculations werse applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220+02)°C 395+6% 1.38 mho/m =6 %
Head TSL temperature change during test <05°'C - —eee
SAR result with Head TSL
SAR averaged aver 1 em’ (1 g) of Head TSL Condition
SAA measured 250 mW input power 10.1 Wikg
SAH for nominal Head TSL parameters normalized 1o 1W 40.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 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 were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)"C 525+6% 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 Caondition
SAR measured 250 mW input powar 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measured 250 mW input powor 5.39 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 21.6 Wikg = 16.5 % (k=2)
Certificate No: D1800V2-50061_Jul14 Page 308
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point S11Q+8212
Reatum Loss -242d8

Antenna Parameters with Body TSL

Impedance, transformed to feed pont 4720+702
Retumn Loss ~222dB

General Antenna Parameters and Design

| Etectrical Delay (ane direction) [ 1193 ns |

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

The dipale is mada of standard semirigid coaxial cable. The center conductor of the leading line is directly connected to the
second arm ol the dipole. The antenna is therefore short-circuited for DC-signals: On some of the dipoles, small and caps
are added to the dipole arms in order to improve maitching when loaded according to the position as explained in the
*Maasurement Conditions” paragraph. The SAR data are not affected by this change. Tha overall dipole length is still
according 10 the Standard.

No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on Decarnbet 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: 5d061

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

Mcdium parameters used: f= 1900 MHz: o = 1.38 S/m; g = 39.5; p = 1000 l~;gjml
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electronmics: DAE4 Sn601; Calibrated: 30,04.2014
« Phantom: Flat Phantom 5.0 (from); Type: QDOOOPSOAA; Serial: 100]

e DASYS5252.8.8(1222); SEMCAD X 14.6.1((7331)

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

Reference Value = 99.40 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(I g) = 10.1 W/kg: SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

dB
0
-4.00
-8.00
-12.00
-16.00
-20.00
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

Date: 23.07.2014
Test Laboratory: SPEAG, Zurich, Swatzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: f= 1900 MHz: o = 1.51 S/m; £ =32.5; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30,.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASYS52352.8.8(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=Smm, dz=Smm

Reference Value = 96.22 V/m; Power Drift =-0.01 dB

Peak SAR (extrupolated) = 17.8 Wikg

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

Maximum value of SAR (measurcd) = 12.9 Wikg

d8
0
-4.00
-8.00
-12.00
-16.00
-20.00
0dB= 129 Wikg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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cient  HCT (Dymstec) Certificats No: D2450V2-743_Jul14
CALIBRATION CERTIFICATE

Oject D2450V2 - SN: 743

Calibeation prooscra{s) QA CAL-05.v8
Calibration procedure for dipoie validation kits above 700 MHz

Cafibration date July 24, 2014

This calibration certificate documents e Taceadiity to national standards, which realize the physical units of measurements (SI)
The measurmments and the uncedainies with conlidencs prabability are given on the folowing poges and are par of the cerlificate

All calibrations have been conducted In the closed laboratary lacilty: anvironmant famparature (22 = 3)°C and humidity < 70%

Calibration Equpment used (MATE critical for calbmbon)

Primary Standards {1Io# Cal Date (Corificate No ) Schedubod Calbration

Power mater EPIA-4424 | GB3748070¢ 08-Oct-13 (No. 217016827} Oa-14

Power senscr HP B4B1A US37292785 08-Oct-13 (No. 217-01827) Oct-14

Power sensor HP BABIA MY41002317 08-0ct-13 (No. 217-01626) Oct-14

Reterance 20 d8 Attenuator SN: 5058 {20K) 03-Apr14 (No. 217-01916) Apr15

Type-N mismatch comtination SN: S047.2/ 06327  03-Apr14 (No, 217-01821) Apr18

Roference Probe ESIOVI 8N: 3208 30-Dec-13 {No. ES3-3205_Dect3) Dec-14

DAEA SN 604 30-Apr-14 (No, DAE4-601_Aprid) Apr-13

Secandary Standargs lioe Cheack Dase {In house) Scheduled Check

AF generslor RAS SMT-08 | 100005 D4-Aug-99 (I house cherk Oct+13) in houss check: Oct-16
Network Analyzer HP 8753E | US37300585 54206 18-0ct-01 (i house sheck Oct-13) In house check: Oct-14

Calitwated by: Claudio Lautiee Laboralory Techmcimn

Approved by Kt Pokavic Tachrical Managee W_

Issuad: July 25, 2014

This calibration cerdificate shall not be reproduced excapt In full without witien enproval of the laborasory
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Calibration Laboratory of S  Schweizerischer Kalibrierdienst

Schmid & Partner Service suiase d'étalonnage
Engineering AG C  ervisio svizzero di tarators

Zoughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredited by the Swiss Accraditaton Servica (SAS) Accreditation No.: SCS 108

The Swisa Accreditation Service Is one of the signatories to the EA

Muitilateral Agr for the gnition of callibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "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 (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 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.

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

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

* SAR measured: SAR measured 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 systorn configuration, as far as not given on page 1.
DASY Version DASY5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The foltowing parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mha/m
Measured Head TSL parameters (220=:02)°C 378:6% 1.85 mho/m =6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Caondition
SAR measured 250 mW input pawer 13.6 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 53.2 W/kg 2 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.28 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.8 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 52.7 1.95 mho'm
Measured Body TSL parameters (220 0.2)"C 506 +6% 2.03 mhoim + 6 %
Body TSL temperature change during test <05°C - e

SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for nominal Body TSL parametars normakized to TW 51.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.07 Wkg
SAR for nominal Body TSL paramelers normalized to 1W 23.8 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 532044510
Retum Loss -25508

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50B0+631KQ
Return Loss -241dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) ] 1.160 na ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly cannected 1o the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arns in order to improve maitching when loaded according to the position as explained in the
‘Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length is still

according to the Standard,
No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manutactured on Decamber 01, 2003
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DASY5 Validation Report for Head TSL

Date: 24.07.2014
Test Laboratory: 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 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: ES3DV3 - SN3203; ConvF(4.53, 4,53, 4.53); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
o Phantom: Flat Phuntom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

e« DASYS5252.8.8(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=5mm, dy=5mm, dz=5mm

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

Peak SAR (extrapolated) = 28.0 W/kg

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

Maximum value of SAR (measured) = 17.8 W/kg

—0
s
4%
1%
17
22.2%

0dB = 17.8 W/g = 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, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 743

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

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

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

DASY352 Configuration
« Probe: ES3DV3 - SN3205; ConvFi4.35, 4.35, 4.35); Calibrated: 30,12.2013;
« Sensor-Surfuce: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,04.2014
« Phantom: Flat Phantom 5.0 (back);, Type: QDOOOPS0OAA; Serial: 1002

o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 95.80 V/m: Power Drift = -0.01 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.07 W/kg

Mauximum value of SAR (measured) = 17.5 W/kg

a8
.0
480
420
1380
184
Jim
0dB=17.5W/kg= 1243 dBW/kg
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Impedance Measurement Plot for Body TSL

16 Jul 2014 11:07:21
ERYD si: 1 f 1 50.770 S.274 0 AWIEEpM 2 4%3.000 000 MMz
L
De
5\
" o \
4 1 — -
[ |
\ |
"y
Wid
CHZ 814 LG S gB/RET -20 & y P-24.065 4R 2 459,500 890 Nz
+ + + + + , . +
4 4 4+ 4+
b= - - - - - - - . ———
Ca B 4 e
! + _\‘-L . . . . WO oo . +
- . -
- ]
feo . . . N4 A e . . . .
\
. . . - . . - . .
Mg | 4 . s 4 . . . . 4
v Inl.:] 2 _f.u,;u_tu 0eo “m: ‘(-_\l 2 L.-_;.\_n.;u u-‘\nl iz
Cartificate No: D2450V2-743_Jul14 Page 8of8
HCT CO., LTD.

Report No.

HCT-A-1510-F001-1

of KOREA
TEL: +82 31 645 6300 FAX: +82 31 645 6401

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.

257 of 281



HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
Calibration Laboratory of Al Schwoizarischer Kalibrierdien
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Zeughausstrasse 43, 8004 Zurich, Switzeriand N S  Swiss Calibration Service

Acoredited by the Swss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the gnition of calibration certificates

ciem  HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No: SCS 0108

Cartificate No: D2600V2-1015_Mar15

Qujsct D2600V2 - SN: 1015
Catbeation procedurels) QA CAL-D5.v9

Calibration procedure for dipole validation kits above 700 MHz
Calbation dase March 25, 2015

This calibration centiicalo documents the raceabilty 10 national standards, which realkze the physical units of measurements (S1).
The measuremeants and 1he uncertaintias wih canfidence probahiity are gven on the lollowing peges and are part of the cetibcate

Al c s have bean ¢ In the closed Mabomsony Tacility! eavironment lompemiure (22 « 3)°C and humidity < 70%.

Calibention Equipsnent used (MATE critical for caldration)

Primary Standands o Cal Date (Cersficale No ) S = J

Power matar EPM-442A GHITABOTH 07-Oct-14 [Ne. 217-02020) Oct 15

Powsr sensce HF 8481A US37232783 07-Oct-14 (No. 217-02020) Oct1%

Powor sensor HP B4B1A MY41082317 07-Oct-14 (No. 217.02021) Oct15

Raterance 20 dB Alteeator SN: 5058 (20K) 03-Apr-14 (No. #17-01818) Ape-15

Type:N mismatch combination | SN: 5047.2/ 06327 03-Apr 14 (No. 217-01821) Ape15

Relerence Probe ESIOVE | 6N: 3208 30.Dec-14 (No. ES3-3205_Dect4) Dec-15

DAE4 | SN: 801 18-A0g-14 (No. DAEA-501T_Aug14) Aug-15

Secondury Standarts 0¥ Check Date {in houss) Schodules Chack

AF generator R&S SMT06 100095 04-Aug-99 (n house check Oct-13) In house checkc: Oct-16

Network Analyzee HP 87536 USH700588 54208 18-0¢1-01 {In house chack Oct-14) in house check: Oct-15
Name Functan Signature

Catbatad by Jeten Kasrat ummr'ﬂ'*&%_ﬁ (L‘

Approved by Katjs Pokovio Technical Manager

P

fssued: March: 25, 2015

This cadbration cortiicate shall nol be reproduced except in full withoot writton approval of the lahocabory
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Calibration Laboratory of SO, Sohwelserischer Kaltrierdl
Schmid & Partner %‘ f’: Sarvice sulsse i Gaisanege
Engineering AG P Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand KT S Swiss Callbration Service
Accredited by the Swiss Accreditation Secvios (SAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service is one of the signatories to the EA
Multitateral Ag for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "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 (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 details are available from the Validation Report at the end
of the certificate. All figures stated In the certificate are valid at the frequency indicated.

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

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

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

SAR measured: SAR measured 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%.

Report No.

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.
of KOREA

HCT-A-1510-F001-1 TEL: +82 31 645 6300 FAX: +82 31 645 6401

259 of 281



HCTCOLTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
Measurement Conditions
DASY system configuration, 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 =5mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mhaim
Measured Head TSL parameters (220+02)°C 372+6% 2.00 mho/m = 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parametors normalized 1o 1W 56.5 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL parametars normalized to 1W 253 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appiied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 525 2.16 mho/m
Measured Body TSL parameters (220202)"C 60326% 2.20 mho/m £ 6 %
Body TSL temperature change during test <0s5°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input powaer 14.1 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 55.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR for nominal Body TSL paramaters nomalized to 1W 24.8 W/kg = 16.5 % (k=2)
HCT CO., LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point s00Q-21Q
Raturn Loss - 33.5 98

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4880-19jQ
Return Loss -278dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.150 ns

Aftor long term use with 100W radiated power, anly a slight waming of the dipole near the feedpoint can be measured.

The dipoie is made of standard semirigid coaxial cabla. The center conductor of the leeding line is directly connected 1o the
second arm of the dipole, The antenna is therefore short-circulted tor DC-signais. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the poesition as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still

acoording to the Standard
No excessive lorce must be appbed 10 the dipole arms, becsuse they might bend or the soldered connections near the
feedpoint may be damaged.
Additional EUT Data
Manutactured by SPEAG
Manufactured on October 30, 2007
HCT CO,, LTD.
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DASYS5 Validation Report for Head TSL
Date: 20.03.2015

Test Laboratory: SPEAG, Zurich, 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 S/m. & = 37.2; p = 1000 kg/m‘
Phantom section: Flat Section
Mensurement Stundard: DASYS (IEEEAEC/ANSI C63.19-2011)
DASY32 Configuration:

o Probe: ES3IDV3 - SN3205; ConvF(4.49, 4. 49, 4 49); Calibrated: 30.12.2014,

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

« Electronics: DAEA Sn601; Calibrated: 18.08.2014

« Phantom: Flut Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.2 V/m: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 30.4 W/kg

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

Maximum value of SAR (measured) = 18.9 Wikg

o

"

anm
1048
1560
0
a6

0dB =189 W/kg = 1276 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.03.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz: Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: f = 2600 MHz; a = 2.2 S/m; &, = 50.3; p = 1000 kg/m’
Phantom section: Flat Section

Mecasurement Standard; DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvFi4.13, 4.13, 4.13); Calibrated: 30.12.2014;
o Sensor-Surfuce: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18,08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002

o DASY5252.8.8(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 Drift = 0,03 dB

Peak SAR (extrapolated) = 29.2 W/kg

SAR(1 g) = 14,1 W/kg; SAR(10 g) = 6.27 W/kg

Muaximum value of SAR (measured) = 18.6 Wikg

dB8
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 18.6 Wikg = 12.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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The Swiss Accreditation Service is one of the signatories to the EA
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cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certiticate No: DSGH2ZV2-1107_Jan15

CALIBRATION CERTIFICATE
Object D5GHzV2 - SN:1107
Cattiration procodure(s) QA CAL-22.v2

Caliration daie

Calibration procedura for dipole validation kits between 3-6 GHz

January 28, 2015

Calibrstion Equpment used (MATE critical for calbration)

lips

This calitvation comiicats documants the traceability 10 national standards, which realizs the physical units of measursmants (SI).
The measutements and the uncerainties with confidence probabiity are given on the following pages and are part of the certificate

All callbrations have beon conducted in the closed laboratory faciity: environmant lamparaiune (22 « 3)°C and bumidily < 70%.

This calibration certificate shall not be reproduced except in full wihout weitten approval of the aboratory.

Primary Standards Cal Dute (Certificste No | Scheduled Calbraton

Pawer medar EPM-4424 | GBA7480704 07-0ct-14 (No. 217-02020) Oct 15

Powor sansce HP S481A ‘ussrmm 07-Oct-14 (No. 217-02020) Oct-15

Power sensar HP 8481A | MY41002317 07-Oct-14 (No. 217-02021) Oct-18

Rolerence 20 dB Attlenuator | 5N 5058 (20k) 0G-Apr-14 (No. 217-01918) Apt-15
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Calibration Laboratory of Schwelzerischer Kailbrier

Schmid & Partner S Service m.:'“.m::n "
Engineering AG C' gurvinio svisare & tarsturs

Zoughausstrasse 43, D004 Zurich, Switzerland S Swiss Calibration Service

Accrediled by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, “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 Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) |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

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paralle! 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 Return Loss ensures low
reflected power. No uncertainty required.

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

* SAR measured: SAR measured 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 system configuration, as far as not given on page 1.

DASY Version DASYS V5288
Extrapoiation Advanced Extrapolation

Phantom Modular Flat Phantomn V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

5200 MHz + 1 MHz
5300 MHz & 1 MHz
Frequency 5500 MHz = 1 MHz
5600 MHz 4 1 MHz
5800 MHz + 1 MHz

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

Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 36.0 4.66 mho/m
Measured Head TSL parameters (220202)°C 3B3:6% 456 mho'm 6 %
Head TSL temperature change during test <05°C e

SAR result with Head TSL at 5200 MHz

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

SAR measurad 100 mW input power 7.89 Wikg

SAR for nominal Head TSL parametars normalized to 1W 79.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition

SAR measured 100 mW input powar 2.26 Wikg

SAH for nominal Head TSL parameters normalized to 1W 22.6 Whkg = 18.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parametars and calculations were apphed.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 35.9 4.76 mho/m
Measured Head TSL parameters (220:02)°C 36.1+6% 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 Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters nomalized to TW 80.8 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input pawer 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz

The following parameters and calculations were spphed
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4,96 mho/m
Measured Head TSL parameters (220:202)°C 350+6% 486 mho/m+6 %
Head TSL temperature change during test <05°C - —

SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power B.16 Wikg
SAR for nomenal Head TSL parameters normalized 10 1W 81.6 W/kg = 19,9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2,32 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 23.2 Wikg = 18,5 % (k=2)

Certificate No: DSGHzV2-1107_Jan15 Page 4 of 16

HCT CO., LTD.
Report No. i - -qi i - _si i
p 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 269 of 281

HCT-A-1510-F001-1

TEL: +82 31 645 6300

of KOREA

FAX: +82 31 645 6401



HCTCOLTD
FCCID: ZNFH815PX Issue Date: Oct. 28, 2015
Head TSL parameters at 5600 MHz
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220=02)"C 3B57:6% 4,97 mho/m =6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B.15 Wikg
SAR for nominal Head TSL parameters normatized to 1W 81.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and cakulations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho/m
Measured Head TSL parameters (220=02)"C 354:26% 518 mho/m+ 6%
Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.78 Wikg
SAR for nomina! Head TSL parameters normalized to 1W 77.8 Wikg = 18.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAHA measured 100 mW input power 221 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.1 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and caiculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL paramelers 220°C 490 5.30 mho/m
Measured Body TSL parameters (220202)°C 494+6% 542 mho/m + 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.36 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 73.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 MW input power 2.05 Wikg
SAR for nominal Body TSL parameters nomalized 1o 1W 20.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominail Body TSL parameters 20°C 488 5.42 mho/m
Measured Body TSL parameters (22020.2)°C 49226% 5.55 mho/m £ 6 %
Body TSL temperature change during test <05°C eee _
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.34 Whag
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 condition
SAR measured 100 mW input power 205 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 20.6 W/kg = 18.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and caiculations were appbed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220*C 486 5.65 mho/m
Measured Body TSL parameters (220202)°C 48926% 5.82 mho/m £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.87 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.9 Wikg £ 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.18 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 21.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The lollowing parameters and cailculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 485 5.77 mho/m
Measured Body TSL parameters (220+0.2)"C 487 26% 5.96 mho/m £ 6 %
Body TSL temperature change during test <05°C —-- _—
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.75 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 77.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW Input power 215 Whkg
SAR for nominal Bady TSL parameters normalized to 1W 21.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations wese applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.2 6.00 mha/m
Measured Body TSL parameters (220=02)"C 484 +6% 6.25 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.51 Whkg

SAR for nominal Body TSL parameters normalized to 1W 75.3 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 100 mW input power 2.07 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 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 A77Q-04iQ
Retum Loss <20.1dB
Antenna Parameters with Head TSL at 5300 MHz
Impedance, transformed 1o feed point 491 Q-89
Raturn Loss -231dB
Antenna Parameters with Head TSL at 5500 MHz
impedance, transformed to leed point 5040Q-48Q
Returmn Loss -282d8
Antenna Parameters with Head TSL at 5600 MHz
impedance, transformed to feed point 536{(-58H
Aeturn Loss -23.7d8
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed 1o feed point 54302-54Q
Return Loss -236dB
Antenna Parameters with Body TSL at 5200 MHz
Impedance, transformed to feed point 4730-921Q
Roturn Loss -202d8
Antenna Parameters with Body TSL at 5300 MHz
Impedance, trangformed to feed paint 4960Q-652
Retumn Loss -237dB
Antenna Parameters with Body TSL at 5500 MHz
Impeadance, transtormed to faed point 50702-3810
Retumn Loss -28.3d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed poim 54.10-54Q
Retum Loss -238dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 5480-43jQ
Retum Loss ~242d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1195 ns |

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

The dipole s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna Is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in ocder to improve matching when loaded according to the position as explained in the
"Measuremant Conditions® paragraph, The SAR data are not allected by this change, The overall dipole length is shill

according to the Standard.
No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 28.01.2015
Test Laboratory: SPEAG, Zurich, 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 parameters used: f = 5200 MHz; 0 = 4.56 S/m; & = 36.3; p = 1000 kg/m’ , Medium parameters
used: = 5300 MHz; o =4.66 S/m; £ = 36.1; p= 1000 kg,lm‘ , Medium parameters used: f= 5500 MHz; 0 =
4.86 S/m; & = 35.9; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz; 6 =4.97 S/m; ¢, =357; 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: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration:

o 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, ConvFF(4.92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Senal: 1001
o« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrapolated) = 28.8 W/kg

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

Maximum value of SAR (measured) = 17.8 Wikg

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

Refereace Value = 65.41 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 18.6 W/ikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement 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(1 g) = 8.16 W/kg; SAR(10 g) = 2,32 W/kg

Maximum value of SAR (measured) = 18.9 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=14mm
Reference Value = 64.39 V/im; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 32.2 W/kg
SAR(] g) = 8.15 W/kg; 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 V/m; Power Drift = 0.07 dB
Peak SAR (extrapolated) = 32.0 W/kg
SAR(1 g) = 7.78 W/kg: SAR(10 g) =2.21 W/kg
Maximum value of SAR (mecasured) = 18.5 W/kg
dB8
— 0
-6.00
-12.00
-18.00
-24.00
-30.00
0dB =178 W/kg = 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: 20.01,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

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

Medium parameters used: = 5200 MHz; o = 5.42 S/m; &, = 49.4; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: o = 5.55 S/m; & =49.2; p = 1000 kg/m” , Medium parameters used: f = 5500 MHz; 6 =
5.82 S/m; £, =48.9; p= 1000 kg/m" , Medium parameters used: f = 5600 MHz; 6=5.96 S/m; g, =48.7:p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; a = 6.25 S/m; &, = 48.4; p = 1000 kg/m’

Phantom section: Flat Section

Meusurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(4.95, 4.95, 4.95); Calibrated: 30.12.2014, ConvF(4.78, 478,
4.78); Calibruted: 30.12.2014, ConvF(4.45, 445, 4.45); Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.12.2014, ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;

« Sensor-Surface: L.4mm (Mechanical Surface Detection)

+ Electronics: DAE4 Sn601: Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
« DASY5252.8.8(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: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.76 V/im; Power Dnift =-0.00 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.36 W/kg: SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 16.9 W/kg

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

Reference Valoe = 58.01 Vim; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 294 W/kg

SAR(1 g) = 7.34 W/kg; SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 17.1 W/kg

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

Reference Value = 59.02 V/m; Power Drift = -0.01 dB

Peuk SAR (extrapolated) = 33.5 W/kg

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

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

Reference Value = 57.52 V/m: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 7.75 W/kg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (mcasured) = 18.7 W/kg

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 V/im: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 7.51 W/kg: SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

dB

— 0
-10.00
-20.00
-30.00
-40.00
50.00

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