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Muitilateral Agreement 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

pCcp diode compression point

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

A B CD modulation dependent linearization parameters

Polarization ¢ w rotation around probe axis

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

Le., 8 =0 is normal 1o probe axis
Connector Angle infarmation used in DASY system to abign probe sensor X to the robol 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 82209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-heid devices used in close
proximity to the ear {frequency range of 300 MHz to 3 GHz)", February 2005

¢) |EC 82209-2, "Procedure o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity 1 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,z Assesssd for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavequide)
NORM>x.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).

*  NORM(Nx,y,z = NORMx.y,z * frequancy._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 uncerainty 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 to Average Ratio that is not calibrated but determined based on the signal
charactenstics

o Axy.2 Bxyz Cxy.z 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 an frequency nor
media, VA & 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 distributons based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx,y.z * Canvi- whereby the uncertainty corresponds to that given for ConvF, A frequancy dapendent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz fo £ 100
MHz.

« Spherical isatrapy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a paich antenna,

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

« Gonnector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncarainty required).
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HCT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT CO,LTD

EX3DV4- SN:3863 August 27, 2015

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

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor 2 Unc (k=2)
| Norm (uVi(V/m)y" 0.37 0.36 D45 2101 %
{ DCP (m\V)" 101.9 103.9 989 -
Modulation Calibration Parameters

uiD c ication Sy Name A [ c | b VR Unc
L , d8 | dBvVuv a8 mv (k=2)
) oW X | o0 0.0 10 | 000 | 1318 | s27%
| - |y | o0 00| 10 | | 1ae |
| 'z | oo 00| 10 | 126.4

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

" Thie uncermnties of Notm XY Z do not affect the E*field uncertainty inske TSL (see Pages 5 and 0)

" Numencal nearzaton paramator uncenmnty nol regured

" Unoerainty is determined usng the max. deviation from inear response applying rectanguilar dstribution aod m expressed for the squre of the
fwld value
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HCTCO,LLTD

FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

EX30V4- SN-3863

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

Calibration Parameter Determined in Head Tissue Simulating Media

August 27, 2015

Relative Conductivity M Une

1(MHz)© | Permittivity" _(sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1189 11.89 11.80 0.00 1.00 | 2133%
450 43.5 0.87 10.31 10.31 10.31 0.17 1.30 | 213.3%
750 419 0.89 9.83 9.83 9.83 0.24 1.21 +120%
835 415 0.50 9.45 .46 9.46 0.21 130 | £120%
800 415 0.97 9.28 9.28 9.28 0.26 1.11 +120%
1450 40.5 1.20 831 831 8.31 0.15 1.81 +120%
1750 40.1 1.37 8.18 8.18 8.18 0.36 080 | +120%
1800 40.0 1.40 7.84 7.84 7.84 0.21 107 | $120%
1850 40.0 1.40 7.60 7.60 7.60 0.31 080 | £120%
2450 39.2 1.80 7.04 7.04 7.04 0.27 098 | +120%
2800 39.0 1.96 6.84 6.84 6,84 0.27 104 | +120%
3500 379 291 6.77 6.77 6.77 0.38 106 | +131%
5250 359 47 4.94 4.94 494 0.35 180 | +131%
5600 355 5.07 444 4.44 444 0.45 1.80 | £131%
5750 354 522 4.65 465 4.65 0.45 180 | £131%

“ Fraquency vahidity above 300 MHz of mmzm.pamaumsvuumm(umn s L resiricied 10 £ 50 MHZ. The

uncananty 1s she RSS of the ConvF u

P Is ap
measured SAR values. Al frequencias above 3 Gz, the valdaty of fissue pavamutens (¢ and o) & restrcted 1o © 5% rmwynmnssd

“ AlphaDapn are

at calibration frequency aod

1Pt (e rer

daeneter from (he Soundary

he urcanainty $0f the indcated fequency band. Frequency vaksty
Delow 300 N2 i = 10, 25, 40, S0 and 70 MHz for Conv assenaments st 30 §4. 128 150 and 220 MMz respoactively. Above § Gz froquency
nw!yunhmmawznow
" A rpquencies bolow 3 GHz, the validity of issue paratneters {r and o) can be relaxed 1 = 10% If bquid

o

3 Y due 10 he boundary etfect atter compensation
Swiys Jess than = !%fwhwbmsmwmxﬁlammncﬂxnwmmmmmmmw
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CT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCTCO,LLTD

EX3DV4.-- SN:3883 August 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth ™ Unc
1(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ \ Alpha® | (mm) (k=2)
150 61.9 0.80 11.68 11.68 11.68 | 0.00 100 | 2133%
450 56.7 0.94 10.67 10.67 10.67 0.10 120 | 213.3%
750 55.5 0.96 9,76 9.76 9.76 0.25 116 | 2120%
835 55.2 0.97 9,40 9.40 9.40 0.23 144 | 2120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +12.0%
1900 53.3 1.52 7.48 7.48 7.48 0.39 080 | 2120%
2450 527 1.95 7.11 7.11 7.1 0.31 080 | +120%
2600 525 216 6.97 8.97 6.97 0.33 080 | +120%
5250 489 5.36 4.44 8.44 4.44 0.40 190 | $131%
5600 485 5.77 a7 377 3.77 0.50 190 | +131%
5750 483 594 4.08 4.08 4.08 0.50 190 | £131%

‘meymmymwowum-wmmmmwwv¢amm|mpmn eise & restrcted 1o £ 50 MHZ The
uncanainty @ the RSS of the ConvF uncenainty at calibratian frequency and the uncertainty for the indcated kequency band. Frequancy vakdty
Delow 300 MHz2 s £ 10, 25, 40, S0 and 70 MHz for ConvF sssosamants of 30 64, 128, 150 and 220 MHZ respectvely. Above § GHz frequency
vilidty can be sdeaded 1 = 110 MMz

" Al froquoncies below 3 GH2. the valiaty of tissue paramsters (¢ and =) can be mmiaxed 1o = 10% If iquid © waation fi o is 1
measured SAR valuns. A frequencens above 3 GHz. the validity of tissus parmmelens (« #nd o) & restricted 10 ¢ 5% The uncartainty is the RSS of
the ConvF uncartainty for indicated target lssus parametens

“ Alpha/Depth are determined during catibrtion. SPEAG warmants that the remaining deviation due 10 the boundary effect sfler compsnsation i
abways less than £ 15 for frequencies below 3 GHz and below ¢ 2% for frequencies between 3-8 GHz at sy (stAnce Wiger than haif the probe bo
dameter from the Doundary,
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FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

EX30V4. SNI3BB2

Frequency response (normalized

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Wavegulde: R22)

0 500 1000 1800 2000 2500
f [MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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CT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCTCO,LTD

EX30V4- SN.3863 August 27, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz R22
{i— 5'97.-! Tt g 33 R S e . e e R
Ro¥ [
= 3 i 7o
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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CT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCTCO,LTD

EX3DV4- SN:386Y August 27, 2015

Dynamic Range f(SAR}caq)
(TEM cell , feuq= 1900 MH2z)
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Uncertainty of Linearity Assessmont: £ 0.6% (k=2)
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HCT CO,LTD

FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

EX30V4- SN3863

Avgust 27, 2015

Conversion Factor Assessment

£ = B35 MHz WGLS R9 (H_convF)
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= 1900 MHz WGLS R22 (H_com)

0
3 [mng

Deviation from Isotropy in Liquid

Error (¢, 9), f =900 MHz

08 08 04 -02 00
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT CO,LTD

EX3DV4- SN:3863 August 27, 2015

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

Other Probe Parameters

| Sensor Arrangement " Trangular |
Tffonneclor Angle () 1063 |
: Mechanical Surface Detection Mode N enabled |
! Optical Surface Detection Mode disabled
| Probe Overall Langth 337 mm
[Probe Body Diameter | . 10 mm
Tip Length gmm |
Tip Damater 2.5 mm
“Probe Tip to Sensor X Calibration Point 1 mm
mbo Tip to Sensor Y Calitration Point 1 mm
[Probe Tip to Sensor Z Calibration Point | 1 mm
| Recommended Measurement Distance from Surface T4 mm |

Certificate No. EX3-3863_Augts Page 11of 11
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FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT COLLTD
Calibration Laboratory of PV, § Schwoizorischer Kallbrierdienst
Schmid & Partner G Service suisse d'étalonnage
Engineering AG ? 3 s Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ‘@5‘ Swiss Calibration Service
Acarediiod by the Swiss Accieditalion Sarvice {SAS) Accreditation No.: SCS 0108

The Swiss Accroeditation Service s one of the signatories 10 the EA

Ths calitration centificate documants the iraceabilty 10 nasonal slandards. which ieaiize the phy nits of (89
The massursme s sod he ecatantien wih confidence probabiity are given on the fofiming pages and ans part of he cenficais.

Al caibrations fuve been condutied in the closed laboratory facilly. anvironment tempecature (22 = 31°C and humidity < 70%.

Catibeation Equpmant used (MATE cotical for calibrton)

Standeros i Cal Date Na ) Scheduled Caltradion
Power mulnr E44198 GB41293874 03-Apr-15 (No. 217-02128) Mar-16
Power sensor EA412A MYd145€087 U1-Apr-15 (Mo 217-02128) Mar-16
R JuB A at SN S6054 (3¢) 09-Ape-15 (No. 297-02125) Mar 16
20 8 At SN. 85277 (20x) 01-Ape-15 (No. 217.02132) Mae-16
R 30 08 A SN: 55128 (308) 01-Ape-15 (No. 217.02133) Mer-16
Probe ESI0V2 SN. 3013 30.Doc-14 (No. ES3.2013_Dectd) Dwc-15
DAEA SN 680 14-Jan-15 (No DAE4.660_Jan15) Jor-18
5 ¥ Sta 0 Check Date (in houne) Schaduled Check
Mlﬂlﬂm USIHAZU1T0D 4-Aug 99 (n house check Apr-13) In house check: Apr-10
Network Analyzur HP 8753E US37I80585 180201 (in nouse chock Oct-14) In house check: Oct-15
Function
Caiitrated ty DO
Approved by:

This calivratan certificale shal not be reproduced except m full without witten agproval of the labioratary
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HCT CO,LTD

Calibration Laboratory of A % i bt

Schmid & Partner N g Service suisse Tétaionnage
Engineering AG T g Servisio sviezero 6 taratura

Zeughausstrasse £3, 8004 Zurich. Switzerland E% “4—'2‘\’; Swiss Calibration Service

Accredited by the Swiss Accraditanion Service (SAS) Accredntation No.: SCS 0108

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

Multitateral Agr far the recagnition of calibeation certificates

Glossary:

TSL Ussue simulating hiquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pce dinde compression point

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

ABCD modulation dependent lingarization parameters

Polarization ¢ @ rotation around probe ax:s

Polarization 5 3 rotation around an axis that is in the pkane normal 1o probe axs (st measurement center),

L&, 9 =0 s normal to proba axis
Connector Angie information used in DASY system to align probe sensor X to the robot coordimate system

Calibration is Performed According to the Following Standards:

8) |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

¢) IEC 62208-2, *Procedure 1o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MMz to 6 GHz)", March 2010

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

Mothods Applied and Interpretation of Parameters:
NORmyzAssessodforEﬁnldpoMuuons=0(lssoommlnTEM-oell l>1aOOMHrR22wavegulde)
NORMYx,y.z are only mtermediate values, 1e., mmomlnbesofNORMxyxdoesnouﬂedmcE -feld
uncertainty inside TSL (see below ConvF).

o NORM(f)xy.z = NORMx.y.z * froquency_response (see Frequency Response Chant). This linearization is
implemanted in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi®

¢ DCPxy,z. DCP are numercal ineanzation paramelers 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
charactensbcs

o  Axyz Bxyz Cxyz Dxyz VRxyz A B, C D ara numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depand on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the dicde.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for 1 < 800 MH2) and Inside waveguida using analytical feld distnibutions based on power
measurements for { > 800 MHz. The same setups are used for pssessment of the parameters applied for

boundary (aipha, depth) of which typical uncertainty valupes afe given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
o NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz

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

* Sensor Offset: The sensor offset corresponds 1o the offset of virtual measurement conter from the probe lip
(on probe axis). No tolerance required.

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

uncertainty required).
Cartficate No: EX3.7370_Sep15s Page Zof 11
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HCT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT CO,LTD

EXIOV4-SNT3IT0 Septornber 1. 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Basic Calibration Parameters

Sensor X [ “Sensor Y | Sensor Z Unc (k=2) |
Noem (uV/(Vim)')* 047 0.51 0.43 £10.1%
DCP (mV)" 99.0 1053 99.8 |

Modulation Calibration Parameters

uio Communication Systern Name [ A B | ¢ D VR Une
.| a8 dBVuV 1 | dB mv | (=2) |
0 cw X! 00 00 | 10 0.00 1823 | 233% |
- Y | 00 00 | 10 649 ||
2 0,0 00 | 10 67.7 | |

The reroﬂed 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%.

* T urcartarting of Norm XY 2 do not aflect the E*-fiakd uncartarty smde T5L (sen Pages 5 and §)
* Numancal lineanzation parameler uncertanty not equined

* Unceetanty & doterminad Laing e max. deviahion 0m knoar response appiying rectanguiar ano = o for e square of he
helc valun
Cenificate No: EX3.7370_Sep15 Page 4 of 11
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HCTCO,LLTD

FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

EX30V4- SN.TIT0

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Head Tissue Simulating Media

September 1, 2015

1 (MHz) © m.,- (Sim)" ConvF X | ComvF Y | ConvFZ | Alpha® mu (::;;
450 435 0.87 10,67 10.67 10.87 0.16 1.70 133 %
750 41.9 0.89 9.81 9.81 9.81 0.26 1.24 +120%
835 415 0.90 9.57 9.57 9.57 0.27 197 | =120%
900 415 0.97 9.29 929 929 0.29 1.12 $120%
1450 405 1.20 8.08 8.08 8.08 0.26 1.06 212.0%
1750 40.1 1.37 8.05 8.05 8.05 0.34 080 | 2120%
1900 40.0 1.40 7.80 7.80 7.80 0.34 080 | =£120%
1850 40.0 1.40 7.57 7.57 7.57 0.40 0.80 $120%
2300 395 1.67 7.43 7.43 743 0.33 0.83 £12.0%
2450 39.2 1.80 5.94 6.84 8.94 0.32 0.92 £120%
2600 38.0 1.96 6.81 6,81 6.81 0.43 080 | $120%
3500 378 2.01 6.92 6.92 8.92 029 139 | £131%
5200 36.0 466 513 5.13 513 0.35 1.80 | £131%
5300 35.9 476 4.95 495 495 0.35 180 | 2131 %
5500 156 4.96 4.53 4.53 4.53 0.40 1.80 | £131%
5600 355 507 4.35 4.35 435 0.40 1.80 | £13.1%
5800 353 527 4.53 4.53 453 0.40 180 | #131%

“ Frequency

uncenointy s the RSS of the Com#
Delow 300 MHz & £ 10,25 40, 56 and NW!MCO«VFWDDO B4, 128, 150 and 220 Moz respectively. MSMUW

ity can be edanded to £ 110 MMz,

Mm:mwdnoow.:wymtamsvwamm(mpmza mn-mmonqsom The
y &t y and the uncertainty for the

y bong. F

y valiily

" Al lreguancies below 3 GHz, the vaidity of tesue parametars (¢ and o) can be nstaxed 10 + 10°% If Baad compansation fommue & appled to

measured SAR valuss Al frequencies sbove 3 GHz, the validity of tssus parametars (c and «) is restncied 10 = 5%, The uncertainty @ the RSS of
the CoevF uncertainty for indicated tget issus parametsrs

= Apha'Depih e delermined

diamseter rom the douodary

SPEAG

during that e remaining ceviation dus 1o the Soundary affect afler ComMpansation =
ohwitys fess than = 1% for fequencies balow 3 GHz and below t 2% for bequencies between 3-8 Gz ot urry datance larger than Ball 1he probe 1p
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unc

((MHz)® | Permittivity” |  (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) k=2)
450 56.7 0.64 11.08 11.08 11.08 0.11 1,60 213.3%
750 55.5 0.96 9.82 9.82 9.82 0.24 1.27 +12.0%
835 55.2 097 9,66 9.66 .66 029 125 | $120%
1750 534 148 7.78 7.76 7.76 0.47 0.81 +120%
1900 53.3 1.52 7.49 7.49 7.49 0.41 0.80 +120%
2450 527 1,85 7.16 7.16 7.16 0.35 0.80 +120%
2600 52,5 2.16 7.07 7.07 7.07 0.29 0.80 +12.0%
5200 49.0 5.30 4.64 4.64 464 0.45 1.80 +13.1 %
5300 489 542 | 448 4.48 446 | 045 1.90 131 %
5500 48.6 565 ‘ 4.03 4,03 4.03 0.50 1.80 $13.1%
5600 48.5 577 | ass a8s 385 | 050 1.90 £13.1 %
5800 4B.2 6.00 ] 403 403 4.03 J 0.50 1.90 +131%

*rmmywwm:mmm1wmmmwm¥u4wm(mpnca uuurmlemn:..om T
uncartanty is the RSS of the CanvF urx y atc y and ihe y for the wdi y band. Froguency validay
betow 300 MH2 is = 10, 25, 40, so;mroummcmwmnao o4 128 ﬁD“??OM-uW AbansGﬂxlrmncy
vddﬂvcmmmwlnx 110 Ntz

" At froquencies betow 3 GHz. the validity of tesue parameters (¢ and o) can be relned o = 10% I qud # {a is apphed 1o
measired SAR values, At freguencies nbove 3 GHz, the valdty of tissuo paramoters (r and o) i restrcted 1o + 5% mmm«ynmma
the Comvf uncertainly lor indicated Lsost lissin paramatens

O Apha/Depth are deleamined Cuing cadtruton. SPEAG wartanls that the remainiog devintion dus 1o e bouncary effect after compensation =
shways Inss than 2 1% for fraguencios below 3 GHz snd below = 2% for lrequencies batwean 3-8 GHz at any dstance larger than hall the probe Sin
dhamensr from (he Boundary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

asponse (normalized)

rregquency r

0 500 1000 1500 2000 2500 3000
f [Mrz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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CT FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3
HCT COLLTD

EX3DVa- SN.7370

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM

f=1800 MHz, R22
. , . L]
g 2 s - s 2§ o8 . {
B i - B Gt o o B b an gl = i = ’
Rl [
€3] s T ™
Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}c.q4)

(TEM cell , fouu= 1900 MH2)
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e v
ot compensated compansatod
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,LTD
EX3DV4- SN7370 September 1, 2015
Conversion Factor Assessment
= 8356 MHz, WGLS R§ (H_convF) 1= 1900 MHz WGLS R22 (H_convF)
2 \\ -
28 \
1 £ =
F 4
2 20 }_
i (T
:ol L N . - “ -l‘. “O ] i " x » e .
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
.10 -08 086 0s 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No: HCT-A-1603-F005-3

EXA0OV4~ SN737T0

Saptember 1, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

[ Sensor Arrangement Trangular |

! Conngector Angle (%) o 947

Miachanical Surface Detection Mode enabled |

“ Optical Surface Detection Mode disabled

[ Probe Overall Length 337 mm

| Prabe Body Diametor 10 mm

I Tip Length 9 mm

‘ Tip Diameter o 25mm

[Probe Tip to Sensor X Calibration Poinl 1 mm

[ Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Dislance from Surface 1.4 mm
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Calibration Laboratory of A Schweizerischer Kalibriecdianst
Schmid & Partner S (s: Service suiste d'étalonnage

Engineering AG % Servizio svizzero & taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand % 4@@? S Swiss Casbration Service
Accracited by the Swiss Accrediation Senvice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service i one of the signatories to the EA
Multitateral Agresmant for the recagnition of calibration certificates
CALIBRATION CERTIFICATE |
Ctject EX3DV4 - SN:3868

1.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5;

Caltwation date: June 18, 2815

This calibration cestificate documants the Faceabtiity to national standards, which reafize the physical units of r ents (),
The nts @nd the unoert with confi peobsbiity are gven on thi following pages and ave port of the cerificate.

ARl catibeations have been conductod m the ciomed lab y foclity. er o 20 (22 1 3)°C and humedty « 70%.

Calbration Equpment used (MATE concal for cotbration)

l

Pramary Standards (8] Cal Dote (Covtificate No | Schaduded Calbeation
Pawer meter £44198 GB41203874 D1.Age. 16 (Na. 217-02128) Mar-18
Power sensor E44124 MY4 1485087 01-Agx-15 (No. 21702128) Mar 16
Rt 398 Attecnstor SN: 55054 (36) 01-Ape-15 {No_ 217-02128) Mar18
Relecence 20 dB Attanuator SN §5217 (20%) 01-Ape-15 (No. 217-02132) Mar. 18
Reference 30 d8 Anenuater SN: 35129 {300) Qt-Apt-15 (No._ 217-02133) Mar 16
Refeconce Probe ES3DV2 SN: 3013 30-Dec-14 (No. ES3-3013_Dag14) Dec-15
DAE4 SN 560 16-Jan-15 {No. DAEA-660 Jan15) Jan-16
S dary Standards D Check Date (in house) Scheduled Check
RF generaloc HP 8848C USIH42U01700 4-Aug-99 [in houss chock Ape-13) In house check: Ap-16
Network Anadyzer HP- 87538 | US37390585 18-0ct-01 fin houss chack Oct-14) in house check: Oct-15
Name _an Signatur
Caiibrated by Jaton Kastrati  Laboraéory Technkian & G o
| 2
Issuad June 18, 2015
This calibestion cartificate shall not ba reproducesd sxcapt in ful withowt weton approval of the labcratory.
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HCTCO,LTD

Calibration Laboratory of S Schweizsrischer Keiibriords

Schmid & Partner c Service suisse d'étalonnage
Engineering AG g Servisio svizzero di aratura

Zeughausstrasse 43, 2004 Zurich, Switzerland Swiss Calibration Servico

Accredited by thir Swiss Accraditaton Service (SAS) Accroditation No.: SCS 0108

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

Multitateral Agreamont for the racognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP diode compression point

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

ABCD modulation dependent linearization paramelers

Polarization ¢ ¢ rotation around probe axis

Polarization § 3 rotation acound an axis that is in the plane normal to probe axis (at measurement center),

Le., 5 = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coardinate system

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
Tachmques”, June 2013

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

Methods Applied and Interpretation of Parameters:
NORMx.y.z: Assessed Tor E-field polarization 8 = D {f < 900 MHz in TEM-cell; > 1800 MHz: R22 wavegu:de)
NORMx.y,z are only intermediate values, i e., ths uncertainties of NORMx v,z does not affect the E-fiald
unceriainty insiie TSL {(see below ConvF),

s NORM(Nx.y,z = NORMx.y.z * frequency_response (see Frequency Response Chart). This ineacization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the fraquency response i included
in the stated uncertainty of ConvF.

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

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

o Axy.z Bry.z Cxyz Dxyz VRey.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voitage 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 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 o improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convi~ whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz,

« Spherical isotropy (3D deviation from isotropy): in-a field of low gradients realized using a flat phantom
expased by a patch antenna.

« Sansor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No lolerance required.

« Connector Angle: Tha angle is-assessed using the information gained by determining the NORMx (no
uncertainty required).

Cortificate No: EX3-3965_Jun1s Page 2.of 11
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Calibrated: June 18, 2015
Calibrated for DASY/EASY Systems
(Note: nan-compatible with DASYZ system!)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2) |

Norm (u\MOVIm) )" 0.26 0.35 0.42 +101 %
DCP (mV)" 1031 102.8 96.8 i

Modulation Calibration Parameters N

Ui Communication System Name [ A 8 c | b | w Unc® |
dB | dBvpv | @8 | mv | (=2) |
0 cw X | 00 00 | 10 | 000 | 1303 | $30% |
{ | Y | 00 00 | 10 | 120.8 [
l \ z| 00 00 | 10 | 1423 | |

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%.

A Tria wncertalalios of NormX,Y,Z do not affect the E*-Nietd uncertainty inside TSL {see Pages 5 and 6.

¥ Numecical Sneanzation pacameler. uncenainty nol regured

' Uncertainty fs determined using the max. deviation from Snes response applying rectanguiar cistibution and is expressed for the square of the
fetd value

Certificate No: EX3-3968_Jun15 Page dof 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth” Unct.
T(MHz)® | Permittivity” | (Stm)” ConvE X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 13.08 13.09 13.09 0.00 100 | =133%
300 453 0.87 12.28 12,28 1228 | 0.10 120 | £133%
450 435 0.87 10.61 10.61 10.61 0.18 120 | +133%
750 41.9 0.89 992 9.92 9.92 0.18 157 | #120%
835 4.5 0,90 9.60 9.60 9.60 0.21 164 | +120%
900 415 0.97 9.45 8.45 .45 0.22 125 | £120%
1450 405 1.20 828 B8.28 828 0.26 1.02 | £120%
1750 40.1 1.37 823 8.23 8.23 0.31 0.80 | $120%
1800 40.0 140 7.95 7.95 7.95 0.30 0.80 | +120%
1950 400 1.40 7.66 7.66 7.66 0.38 080 | £120%
2300 39.5 1.67 7.51 7.51 7.51 0.37 080 | +120%
2450 3g.2 1.80 7.21 7.21 7.21 0.36 080 | +120%
2600 39.0 1.96 7.06 7.06 7.08 0.39 088 | £120%
3500 37.9 281 6.82 .82 6.82 029 133 | 2131%
5200 36.0 4.66 5.26 5.26 5.26 0.30 180 | 2131 %
5300 359 4.78 5.09 5.09 5.09 0.35 1.80 | $13.1%
5500 356 4.98 4.86 4.86 4.88 0.40 180 | +13.1%
5600 355 5.07 459 4.59 4.59 040 180 | £13.1%
5800 353 527 468 468 4.68 0:40 180 | +131%

‘rmmywwymaoom:onwOMouyw-enumsvuawmwamvmz) also it Is restricled 10 2 59 M2 The
uncanainty is he RSS of the ComwF uncenainty at calibraticn freq for the and. Fraquency vasdty
beiow 300 MHZ 15 = 10, 25. 40, 50 and TOMHszomFam\«tsatao 6! 328, 150 and 220 Mz respectively, Abowe 5 GHZ frequency
validry can be saended to + 110 MHz
* Al requencias below 3 GHz, the validity of Sssue paramutes (= A o) can be reiaued 1o+ 10% & iquid sompensation [oamula i appived 10
meosured SAR values. At froquencses abav 3 GHz, the validity of Ussue paramesers (v and ¢} is restnctod 1o £ 5% The uncertanty & the RSS of
mwmmmwnwmpmm
O plphaDepth wre b . SPEAG s that e oy due (o the boundary effect after compansation s

ahways less than £ mwmm:c&mw:zmawmmMcmamaamwmwwmsp
dametar from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

f{MH2)© Po::amy' cmw ConvF X | ConvFY | ConvFZ | Alpha ® m)u m
150 619 0.80 12.40 12.40 12.40 0.00 1.00 | £133%
300 58.2 0.92 11.34 11.34 11.34 0.05 110 | +133%
450 56.7 0.94 10.86 10.86 10.86 0.12 1.20 | +133%
750 585 0.95 9,49 8.49 9.49 0.34 103 | +120%
836 55.2 0.97 9.55 9.55 9,55 0,50 080 | £120%
900 550 1.05 9:34 9.34 9.34 0.42 083 £12.0%
1750 534 149 7.87 7.87 7.87 0.42 080 | £120%
1900 533 1.52 7.60 7.50 7.60 0.33 095 | £120%
2450 52.7 1.95 7.25 7.25 7.25 0.36 080 | +120%
2500 52.5 2.16 7.10 7.10 7.10 0.24 080 | +120%
5200 49.0 5.30 a7 471 471 040 190 | *131%
5300 48.9 542 4.44 4.44 4.44 0.40 1.90 | *131%
5500 486 565 4.14 4.14 4,14 0.45 190 | £13.1%
5600 485 577 3.93 3.93 3.93 0.45 1.90 +13.1%
5800 482 6.00 4,27 427 4.27 0.45 1.90 2131 %

€ Frequency validty above 300 MHz of + 100 MHz only sppies for DASY vé.4 and higher (soe Page 2), shse 3% restricied 1o 1 50 MHz. The

unceriainty is the RSS of the Coanvi® uncenanty 8t cokbravon frequency and the uncertainty for the indicaned fraquency band. Froquarcy validity

below 300 MHz i ¢ 10, 25, 40, S0 and 70 MHz for Com® assessments at 30, 84, 128, 150 ond 220 MHz respeciively. Above 5 GHz frequency

valicity can be exteadad 10 £ 110 MRz
" At frequencies below 3 GHz, the vaidity of tissue parameters (c-and o) can be relaxed 1o = 0% if bquid
measured SAR vales, At fraquencies above 3 GH2. the valdity of fissus parameaters (c nd o) & restricied to £ 5%. Thomema-uyhunRSSo!

mmmawummdwm

parametens,
© Ripha'Depth are determined during calibration. SPEAG warrants that 1he remaining deviation due fo the .
ahways less than & mtatwmacﬂzwm:mmﬁwwM@uunwmwmnmummmm
boundary

diameter from the

Hor

\ 4

dary effect sfter
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quency response (normalized)
~}

Fre:

Certificate No: EX3-3968_Juni5

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

500 1000 1500 2000 25

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

=600 MHz, TEM f=1800 MHz,R22
{ - 0 w 8 r.- -
. ~ - o o . .
Tot Y b4 Tot x Y L
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Dynamic Range f(SARpeaq)
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Uncertainty of Linoarity Assessment:  0.6% (k=2)
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Conversion Factor Assessment

{ = 835 MMz, WGLS RS (H_convF)

2 .
3 jmm)

2. 21
- —ensn

0 o 0 3 w0 "

1= 1900 MHz, WGLS R22 (H_convF)

. = » ™ 4
ilem

)
e vl

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

A0 -08 05 04 ©2 00 02 04 0B 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters
Sensor Arrangement Triangular
‘Conneclor Angle {°) - BRGER
Mechanical Surface Detection Mode C enabled
“Oplical Surface Detection Mode m disabled |
| Probe Overall Length a 1 337 mm
Probe Body Diameter . 10 mm |
Tiptength - ' 3 mm |
Tip Diameter 2.5 mm
"Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y. Calibration Point 1 mm
Probe Tip to Sensor Z Calioration Point - T Amm |
["Recommended Measurement Distance from Surface l 14mm |
Certificate No; EX3-3968_Jun15 Page 11 of 11
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Calibration Laboratory of o
Schmid & Partner % 1'0‘\ G e g

s (o] Service sulsse d'etalonnage
Engineenng AG % s Servizio svizzero di taraturs
Zoughaussirasse &3, 3004 Zurich, Switzertand *i@ Nyl Swias Callbration Sarvice

Accrediied by the Swiss Acoedtation Sarvice (SAS) Accreditation No.; SCS 0108
The Swiss Accreditation Setvice is ane of the signatories to the EA
Multilataral Agreement for the recognition of calibeation cartificates

Talbrotion procadurmis)

Cattrasin cue DécsbIBAHS -~ s = o 0o
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Glossary:

TSL tissue simulating hiquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

oce diode compression point

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

A, B CD modulation dependent lincarization parameters

Polarization ¢ o rotation arcund probe axis

Potarization 8 4 rotation around an axis that i in the plane normal to probe axis (at measurement centar),

e, 8 =0is normal to probe axis
Connector Angle information used in DASY aystem to align probe sensor X 1o the robot coordinale sysiem

Calibration is Performed According to the Following Standards:

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

b} |EC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz 10 3 GHz)", February 2005

c) |EC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, “"SAR Measuremeant Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

s NORMy.y.2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell, T > 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{fx.y.z = NORMx.y.z * frequency_response (sea Frequency Response Chart). This linearization i
implemented in DASY4 software versions later than 4.2. The uncartainty of the frequency response is included
in the stated uncartainty of ConvF

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

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

o Axyz Bxyz Cxyz Dxyz VRyz A B, C, D are numarical linearization parameters 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 acrass the diode.

o ConvF and Boundary Effect Parameters; Assessed in fial phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation {aipha, depth) of which typical uncertainty values are given. These parameters sre
used in DASY4 software 10 improve probe accuracy close 10 the boundary. The sensitivity in TSL corresponds
o NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependant
ConvF 15 used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz

o Sphercal isotropy (3D deviation from isotropy); in a field of low gradients realized using a fiat phantom
exposed by » patch antenna,

* Sensor Offset: The sensor offset correspands 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
uncertainty required)
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Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 16, 2015

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

EX30V4- SN:3067

Decembear 16 2015

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

Basic Calibration Parameters

Sansor X Sensor Y SensorZ Unc (k=2)
Norm (uVAVim)'y" 0.54 0.38 0.48 2101 %
DCP (mV)" 101.3 g97.8 101.0
Modulation Calibration Parameters
UiD Communication System Name A | B c ) VR Une™
— 48 @8vyv | | 98 | mv (k=2)
0 oW X] 00 | 00 10 | 000 | 1450 | 335%
v | 00 0.0 1.0 | 143.7
Z 00 | 00 10 | 138.2

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

* The uncertainties of Norm X.Y.Z do not affect e E'-fiekt uncanainty inside TSL (sa6 Pages 5 and 6)

¥ Numerca inearzation parameter: gncartanty not required
determined using the max 1 from Inear

' Uncetanty =
field value

Carfificate No: EX3.3967_Dec15
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HCTCO,LLTD

EX3DV4a- SN3967 Decembes 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc

1(MHZ)® | Permittivity" (Stm) " ConvFX | CowFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 10.27 10.27 10.27 0.21 138 | £120%
83s 415 0.50 9.87 9.87 9.87 0.20 1.38 +120%
900 1.5 0.97 9.70 9.70 9.70 0.25 115 | £120%
1450 405 1.20 8.19 8.19 8.19 029 092 | +120%
1750 40.1 1.37 8.38 8.32 8.39 0.25 088 | £120%
1900 40.0 1.40 811 8.11 8.11 0.38 080 | £120%
1950 40.0 1.40 7.90 7.90 7.80 0.38 088 | £120%
2300 385 1.67 7.73 7.73 7.73 037 084 | £120%
2450 39.2 1.80 7.42 7.42 7.42 0.40 080 | £120%
2600 39.0 1.96 7.47 7.7 7.17 0.41 083 | £120%
3500 378 291 764 7.69 7.69 0.94 063 | £131%
5200 36.0 466 5.37 5.37 5.37 0.35 180 | £131%
5300 35.9 476 5.04 5.04 5.04 0.40 1.80 | #131%
5500 356 4,96 4.87 4.87 487 045 180 | £131%
5600 355 5.07 4,65 4.65 4.65 0.50 | 180 | £131%
5800 35.3 5.27 4.69 4.89 4.69 0.50 l 180 | £131%

© Froquancy validity above 300 Mz of 2 100 MHz oty spphes for DASY wé 4 and regher (see Page 2), oise it is restrcted 10+ 50 Nz The
uncertanty is the RSS of the CanvF uncentainty &t caliraton frequency and the y for tha ind freguancy band. Frequency vaSdity
betow 300 MHz is = 10, 25, 40, 50 and 70 Mz for Connf assesaments & 30, 84, 128 tsomuzzomw AbonSGN:ﬁvqwm
vamycmt-ummm-ﬂouﬂz

" Al roquencees below 3 Gz, the validiy of fissue pammeters (c and =) can be reiaxed 10 + 10% ¥ fqud formeda & ap
metsured SAR vitues. Al equences 8bove 3 GHZ, the valdity of tissus paramaters (c and o) & restricted 1o = 5% mmnuw-m-nsSd
lmmemwmmn

T AlphaDepth ars detrminad dunng calitration. SPEAG warrants that the remaiting devistion dos 1o the dacy offoct after
Myuuumn:t‘iwhmnudowwamw-aMMmmuwmwmmw'mmmmw
dameter from the boundery.
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Report No: HCT-A-1603-F005-3

EX3DV4- SN;3967

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

Calibration Parameter Determined in Body Tissue Simulating Media

December 182015

Relative o Unc

| 1(MH2)C | Permittivity” (8/m)" ConvF X | ConvFY | ConvFZ | Alpha® | {mm) (k=2)
750 55.5 0.96 9.92 992 9.92 022 | 141 | £120%
835 552 0.97 9.78 978 9.78 024 | 128 | +120%
1750 534 149 8.04 8.04 8.04 040 | 085 | +120%
1800 53.3 1.52 7.95 7.95 7.95 035 | 0982 | +120%
2450 527 195 7.31 7.31 7.31 040 | 086 | +120%
2600 525 216 7.19 7.19 7.19 025 | 105 | +120%
3500 513 a3 686 6.86 6.88 036 | 114 | +131%
5200 49.0 530 4.32 432 432 056 | 180 | +131%

5300 489 542 4.23 4.23 423 055 | 190 | +13.1%
5500 486 5.85 3.80 3.80 3.80 060 | 190 | +13.1%
5600 485 577 370 370 370 060 | 190 | +131%
5800 482 6.00 382 3.82 382 060 | 190 | £131%

‘me-cvaymamumolx1mMmoNyupmll’u0ASVvdl-umgmv<mPnp2) mn:mnato: 50 MHz. The
y for the

uncertanty & the RSS of the Com# uncenainty at calbretion frequency and y band. Froguency
below 300 Mz is £ 10, 25, 30 m.m’omt:bmmn:o 64,128 wummmzmucm Above 5 GHz freguency
vammmmm-noum

" At requences below 3 GHz. the valdity of tissue parameters (= and ) can be relsved 10 ¢ 10% if liquid compensation formula is sppbed to

messured SAR values. Al beguencies above 3 GHz. the validity of fesue parametens (1 and o) I rearictad 10 = 5% Tha uncanainty is the RSS of
IN Convi uncanmnty for ind<ated mgﬁ tasue parameters
SPEAG

* AphaDepth ae

diamoter from the boundary

that the remanng devation
ulways less than # mmmnbwsmumunmzaumwwseoruummwu-nmxmmw

due o he

effect afier
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CT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCTCO,LTD

EX3DV4- SN 3967 Decamber 16, 2015

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

response (normalized
.

Frequency

0 500 1000 1500 2000 2500 3000
f (MHz]

= =

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

=600 MHz, TEM =1800 MHz,R22
. . * 5 % =
o Y 4 Tat 2
% o437 1&7-00.':_'::‘:z‘;'it<:"t21‘f‘f‘0»._‘_‘
&

‘
Ro# {7

{

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)

)
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Conversion Factor Assessment

= 835 MHL WGLS RS (H_convF} f= 1800 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (9, 9), f =900 MHz

o

Doviatien
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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 1 Triangular |
Connector Angle (*) -20.6
Mecharical Surface Detection Mode | “enabled
Optical Surface Detection Mode I dsabled
Probe Overall Length 337 mm |
Probe Body Diameter | 0 mm |

| Tip Length 1 G mm |
Tip Dismeter 25mm |

"Probe T 10 Sensor X Calibration Point 1mm |
Probe Tip 10 Sensor Y Calibration Point I — 1mm|

i Pmbe _T.rprto Sensor Z Calibration po“jt_____, = l 1 mm |
Recommended Measurament Distance from Surface |

1.4 mm |
i
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FCC ID: ZNFK530F

Report No: HCT-A-1603-F005-3

HCT CO,LTD
Calibration Laboratory of A8 Schwelzerischer Kafibrierdienst
Schmid & Partner % Servica suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland TN Swiss Calibration Service

Accredied by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service ks one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

client  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D750V3-1014_Jul15

CALIBRATION CERTIFICATE
Ovject D750V3 - SN: 1014
Calitrution procedunis) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Cadbration date: July 23, 2015

Calibration Equipmont used (MATE critical for calibeition)

This calibration corificate documants the traceabiiy to natanal standirts, which realize the phrysical units of maasuremants (S1)
Ths maasuremants and the uncedaintios with confidence probabiity ase given on the fdlowing pages and are part of ho cortificate.

Al cafibrations have been conducted In the closed laboraory tacility. eaviranment tempenstune (22 = 5)°C and humidty < T0%

Primary Standicds 0w Cal Date {Certiticate No ) Scheduled Catbration

Power mater EPM-442A GBE3IT480704 07:0c1-14 (Na. 21702020 Oct-15

Powot sansor HP B4G1A USI7292763 07.0ct-14 (Na. 217-02020) Oct-15

Power sensor HP BAE1A MY41092317 07-0ct-14 (No. 217-02021) Oct-15

Raferonce 20 dS Attenusion | BN: 5058 (20%) 01-Apr 14 (No. 217-02131) Mar-16

Typa N mismatch comtsnation BN 5047 2/ 06327 01-Apr-15 (No. 217-02134) Mar 16

FReteronce Probe ESIOVI SN: 3205 30-Doo-14 (No. ES3-3205_Dactd) Dec-15

DAE4 SN 6 18-Aug- 14 (No. DAES-801_Augi4) Aug-15

Secondary Standards ) Chock Date (in house) Scheduled Chack

AF generator RS SMT-06 100005 02-Aug-98 (in house check Oct-13) In house checx; Oct-18

Natwork Analyzee H® G753E USITIN058S 54206 18-0ct-01 {in houss chack Dct-14) In housa check: Oct-15
Noma Functon T

Callbeaind by Michael Weabsr Lubuentory Techmician 7%-

Approved by Katin Pokovic Technical Managar

Thes cafibration cenificate shall not bo repeoduced excapt In full without written approval of the Wboratory

tusuwed: July 23, 2015
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HCT CO,LTD
Calibration Lamtory of :"“:&7"’-. S Schwelzorischer Kalibrierdienst
Schmid & Partner %’E G Service suisse détaionnage

Engineering AG = Servizio svizzero di tarstura

Zoughousstrasss 43, 8004 Zurich, Switzertand o ,'ﬁ‘\_a-‘ S  Swiss Calibration Service
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA
Multilsterat Ag 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)

b)

c)

d)

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

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

|EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:

e)

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 ortented
paraliel 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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Report No: HCT-A-1603-F005-3

HCT CO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vs288
Extrapolation Advanced Extrapoiation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Froquency 750 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Hoad TSL parameters 220°C 4138 0.89 mho/m
Measured Head TSL parameters (220202)"C 42548% 0.80 mho/m =6 %
Head TSL temperature change during test <05°C — dasa
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.05 Wikg
SAR for nominat Head TSL parameters normalized to 1W 8.15 W/kg = 17.0 % (k=2)
SAR sveraged over 10 cm?® (10 g) of Head TSL conditson
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL parameters nomalized to W 5.33 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"C 555 0.96 mha/m
Measured Body TSL parameters 220:02)°C 55.126% 0,88 mho/m + 6 %
Body TSL tempearature 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 216 Wikg
SAR for nominal Body TSL parameters notmalized to 1W B8.49 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.60 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1014_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 5380Q+17Q

Ratum Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4910-130
Returmn Loss -36.0dB

General Antenna Parameters and Design

Elec(ncal Delay (one direction) —l 1.036 ns 4]

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

The dipole is made of standard sernirigid coaxial cable. The center conductor of the feeding fine s directly connected 1o the
second arm of the dipole. The antenna is therefote shont-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipcle arme in order 1o improve matching when loaded according 1o 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 1o the Standard

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

Additional EUT Data

Manutactured by SPEAG
Manulactured on March 22, 2010
Cenificate No: D750V3-1014_Julls Paged ol @
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DASYS Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN: 1014

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

Medium parumeters used: [ = 750 MHz; o = 0.9 S/m: g =42.5; p = 1000 kg/m”
Phantom section: Flal Section

Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-2011)

DASYS52 Configuration:
o  Probe: ES3DV3 - SN3205; ConvF(6,44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flut Phantom 4.91L; Type: QDOXOP49AA; Senal: 1001

o 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 grnd: dx=5mm, dy=5mm, dz=5mm

Reference Value = 53,32 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.05 Wikg

SAR(1 g) = 2.05 W/kg: SAR(10 g) = 1.34 W/kg

Maximum value of SAR (measured) = 2.40 W/kg

-2.00
-4.00
-6.00

-8.00

-10.00

() dB = 2.40 W/kg = 3.80 dBW/kg
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DASYS5 Validation Report for Body TSL

Date: 23.07.2015
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; a = 0.98 S/m; & = 55.1; p = 1000 kg/m’
Phuantom section: Flat Section

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

DASY 52 Configuration:
e  Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21); Calibrated: 30,12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 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=Smm, dy=3mm, dz=5mm

Reference Value = 52,42 Vim: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.15 Wikg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Maximum valoe of SAR (measured) = 2.51 W/kg

dB
0

-2.00
-4.00
-5.00

-10.00

0 dB = 2.51 Wikg = 4.00 dBW/kg
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Impedance Measurement Plot for Body TSL

2015 i 4
'] s M
.
: \
4
¥ S -
4
15
H  § ! 1§ £F oS =93 e Q 4 o
- = -~ _
- N ——— -
n \LJ
- g
yl
-
Cenificate No: D750V3-1014_Jults Page 8ol B

F-TP22-03 (Rev.00) 166 /208 HCT CO., LTD



=
HCT FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT CO,LTD

Calibration Laboratory of

Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'éalonnage
Engineering AG Sarvizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
Accrediied by the Siwiss Accreddation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Ags for the recognition of calibration certificates
ciient  HCT (Dymstec) Cartificate No: D835V2-4d165_Novi5
([CALIBRATION CERTIFICATE
|
| Coject DB35V2 - SN; 44165
Caltration procadure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Catbiration date November 24, 2015

This calibrtion conficats documants the aceability to national standurds, which reakze the physical units of measurements {SI).
The meas: and 1he o vins with confidence probabiity aro given on the fallowing pages and are part of the cantdicate

Al calibrations huve been corducied In the closed laboratcry facilily: emaonment tempariture (22 = 31°C and humidity < 70%

Caltraton Equipment used (MATE ontical for caliteation)

Primary Standards 10 # Cai Data (Carificate No.j Scheduled Calbration
Powar meter EPM-4424 GEBI7480704 07-0ct-15 (No. 217-02222} Oct-16

Powar sensor HP 84814 US37292783 07-Oct-15 (No. 217-02222) Coct-16

Powsr sansor HP 8401A MY41082317 07-Oct<18 (No. 217-02223) Qct-16

Aastaronce 20 9B Atenuator SN BOSH (20k) 01-Ape-15 (Mo 217-02131) Mar-18

Type-N mismatch combination SN: S047.2 /08327 01-Apr-15 {Na. 217-02134) Maz-16

Feterance Probe EXIDVY SN: 7346 30-Dec-14 (No. EX3-7348_Dec14) Dec-18

DAES SN 601 17-Aug 1S (No. DAEA-U01_Augts) Aug16

Secondary Standards Lo Check Date (in house) Schaduled Check

AF gunoeratoc AAS SMT-06 100972 15-50n-15 (In house chiack Jun-15) In house check: Jun-18
Natwark Analyzer HP 8783E USI7360586 54206  18-Oct-01 (in houne check Ocl-15) in house check: Oct-16

Name Function

Sinature
Calibrated by Michaat Waber Laboratory Techrucian IM
Approved by Katjs Pokovic Technicai Manager %%

lasued: November 24, 2015

This calibration certificate shall not be reprocuced except in full without wiittsn approvnd of the laboralory

Certificate No: DE35V2-4d165_Novi5 Page 10t8
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Calibration Laboratory of L8, Schwaizerischer Kalibrierdsenst

Schmid & Partner % g Saervice sulsse d'étalonnage
Engineering AG 0 Seevitio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerland W S Swiss Calibration Service

Accredited by the Swiss Accrditation Servioe (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity 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) IEC 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz te 6 GHz)", March 2010

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

Additional Documentation:
8) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipoie 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.

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

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%.

Certificate No: DE3ISV2-4d185_Nov1b Page2cfd
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The foflowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C “ns 0.90 mho/m
Measured Head TSL parameters (220x02)'C A26£8% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nomenal Hoad TSL parameters normalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20'C 55.2 0.7 mhovm
Measured Body TSL parameters 220=02)°C 556+6% 0,99 mho/m £ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,40 Wikg
SAR lor nominal Body TSL parameters normalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg % 16,5 % (k=2)

Cenilicate No: DB35V2-44165_Nov1s
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed paint 5210-47 2
Retum Loss - 260d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780-88j0Q
Aetumn Loss -227dB

General Antenna Parameters and Design

l Electrical Delay (one diraction) I 1440 ns ]

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

The dipole is made of standard semingid coaxial cable. The center conductor of the faeding line s directly connected to the
second arm of the dipole, The antenna is therefore short-clroulted for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measuremant Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length Is stil
according to the Standard

No excessive foroe must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged
Additional EUT Data
Manufacturad by SPEAG
Manutacturad on December 28, 2012
Certificate No: DB35V2-4d165_Nav15 Pago4ol8
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DASYS Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D83SV2 - SN: 4d165

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

Medium parameters used: = 835 MHz; o = 0.92 S/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77); Calibrated: 30.12.2014;
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type; QDOOOP49AA; Serinl: 1001

o DASYS252.8.8(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 = 60.39 V/im; Power Drift = 0.02 dB

Peak SAR (extrupolated) = 3.40 W/kg

SAR(1 g) = 2.29 W/kg: SAR(10 g) = 1.49 W/kg

Maximum value of SAR (measured) = 3.03 W/kg

0dB =3.03 Wikg =48] dBW/kg

Cenificate No: DB35V2-4d165_Nov15s Page 5ol B
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 24.11.2015
Test Laborutory: SPEAG, Zurnich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d165

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

Medium parameters used: f = 835 MHz; o = 0.99 S/m; & = 55.6 p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 17.08.2015
o Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASYS52528.8(1222). SEMCAD X 14.6,1((7331)

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

Reference Value = 61.95 V/im: Power Drift =-0.02 dB

Pcak SAR (extrapolated) = 3.54 W/kg

SAR(] g) = 2.4 W/kg: SAR(10 g) = L.58 W/kg

Muximum value of SAR (measured) = 3.17 Wikg

..a

-mn

0dB =3.17 W/kg =5.01 dBW/kg

Centificate No: DB3SVZ2-4d165_Nov15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK530F Report No: HCT-A-1603-F005-3

HCT CO,LTD
Calibration Laboratory of S, Schwolrorischer Kafibrierdienst
Schmid & Partner A S smmn.:mw
Engineering AG % C  sarvisio sviszoro o tarshora
Zeughsusstrasse 43, 8004 Zurich, Switzeriand % 47?\.»'"} S Swiss Calibeation Service

Accradiied by the Swiss Accretitation Sarvice (SAS)

Accreditation No: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemnent for the recognition of calibration certificates

cient  HCT (Dymstec)

Certificate No: D1800V2-2d006_Jan16

[CALIBRATION' CERTIFICATE
——
Otject D1800V2 - SN: 2d006
Caifibeation procedureds) QA CAL-05.v9
Callbration procedure for dipole validation kits above 700 MHz
Caliteation date.

January 22, 2016

The means

s and the ur with con

Calibrntion Equipmant used (MATE ontical for cafibeation)

This calitxation certificato documants the traceabity 10 national standards, whech realize the physical unis of measuremants (51)
& probabilty are given on the laliowing pages and aro part of the cedificate.

All calitratons have been conducted in the closed laboratory lacliity: amironment temparature (22 = 3)°C and humidity < 70%.

Primiary Standarss o Cal Date (Certilicate No.) Scheduled Catbration

Power metar EPM-242A GH37480704 0700t-15 (No. 217-02222) Oct-18

Power sensor HP 8481A US3raa2ras 070ct15 (No. 217-02222) Oct-16

Pawer sansor HP 8481A Mys1002317 07-Oct-15 (No. 217-02223) Oct-18

Het 20 o8 Att SN: 5058 (200) 01-Apr<15 (No. 21702131) Mar-16

Type-N mismatch combination SN 5047 2 / 08327 01-Apr-15 (No. 217-02134) Mar16

Asterance Probe EX30V4 SN 7349 31-Dee-15 (No. EX3-7348_Dec1d) Dec-16

DAE4 SN: 601 30-Dac-15 (No, DAE4-801_Dec15) Dec-18

Secondary Standards 1D w» Check Date (in house) Scheduled Chack

AF ganorator RS SMT-06 100872 15-Jun15 (In house chack Jun-15) In housse check: Jun- 18

Natwork Anahyzer HP 87536 US37380585 54206 18-0ct-01 {In house chack Oct-15) In house cneck. Oct-16
Name Function

Calbrated by Michasl Webet Lsboratory Technician 2? w !

Approved by Katia Pokavic Tochnical Marager

This catibration certilicate shall not bo reproduced except in Tull without wrillen approval of the laboratory

e

issuna: January 25, 2016

Ceantificate No: D1800V2-24006 _Jan16
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HCT CO,LTD
Calibration Laboratory of S, S Schweizoriacher Kalibriordionst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG g C  serviio svizzero ot taraturs
Zeughsusstrasse 43, 8004 Zurich, Switzerland % ,/"'/\\‘wv’ S Swiss Calibration Service
el WY
Accrediled by the Swiss Accreditaton Senvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement 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) 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) IEC 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices 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"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are avaitable 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 mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallef 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 nommalized: 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
multiptied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Caurtificate No: D1800V2-2d006_Jan18 Page2ol 8
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Measurement Conditions
DASY system configuration, as lar as not given on page 1.
DASY Version DASYS vsz2sa
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parametars and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)"C 401 £6% 1.39 mho/m 2 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 9.57 Wikg
SAR for nominal Head TSL parameters normahzed to TW 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.03 Wikg
SAR for nominal Head TSL parameters nomalized to TW 20.2 Wikg £ 16,5 % (k=2)
Body TSL parameters
The following paramelers 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 537x6% 1.52 mho/m =6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.57 Wig
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 measuraed 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normakized 10 1W 20.2 Wikg = 16.5 % (k=2)
Centiticate No: D1800V2-2d006_Jan16 Page 30f 8
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HCT CO,LTD

Report No: HCT-A-1603-F005-3

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transformed to feed paint 4650-68Q
Heturn Loss -22.14d8B
Antenna Parameters with Body TSL
Impedancs, transformed to leed point “uTQ-6210
RAeturn Loss -213d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

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

The dipole is made ol standard semirigid coaxial cable. The center conductor of the feeding line is directly connectad to the
second arm of the dipole. The antanna is therelore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurament Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length |s still

according to the Standard

No axcessive force must be applied to the dipole arms, becauss they might bend or the soldared connections near the

feedpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manufactured on

July 23, 2001

Cartificate No: D1800V2-2d006_Jan16
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DASYS Validation Report for Head TSL

Date: 22,01.2016
l'est Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISO0V2 - SN: 2d006

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

Medium parameters used: { = 1800 MHz; o = 1,39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12.2015;
« Sensor-Surface! 1. 4dmm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibruted: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senal: 1001

« DASYS52 52.8.8(1258); SEMCAD X 14.6.11(7372)

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

Reference Value = 106.1 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.57 W/kg: SAR(10 g) = 5.03 W/kg

Maximum value of SAR (measured) = 14.5 W/kg

-14.40

~18.00

0dB =145 W/kg=11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DIS00V2 - SN: 2d006

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

Medium parumeters used: = 1800 MHz; o = 1.52 S/m; &= 53.7; p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17), Calibrated: 31.12.2015;
s Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601: Calibrated: 30,12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDDOOPSOAA; Serial: 1002

« DASYS5252.88(1258); SEMCAD X 14.6.1((7372)

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

Reference Value = 102.4 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 16.8 Wikg

SAR(I g) =9.57 W/kg: SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14,4 Wikg

-71.20

-10.80
14,40
-18.00
0dB =144 W/kg = 11.58 dBW/kg
Cantificato No: D1800V2-2d006_Jan18 Paga 70! 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of PO Schweizerischer Kalibrierdiens
Schmid & Partner ! S Sarvice sulsse d'étalonnage '
Engineering AG % C ' servisio svitzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzeriand N d S Swiss Calibration Sorvice
Accredited by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Certificsts No: D1900V2-5d032_May15
[CALIBRATION CERTIFICATE
Otiect D1900V2 - SN: 5d032
Calibration procodure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Caliteation date May 20, 2015

This caibration cariilicate de ity the ability to national standards, which raalize the perysical units of measuraments (S1)
The measisenents and the uncenintios with confidence probatility are given on the Inllowing pages and an par of e comficala

Al calibrations have been conductad in the closed laboratory ftacilty; environment temperatioe (22 = 35°C wnd humidity < 70%

Calivration Equipment used (MATE critical for calibration)

Primary Standards [0 Cal Date {Corfificuts No ) Scheduled Calbration

Pawer metar EPM-442A | GB37480704 07-Oct-14 (No. 217-02020) a5

Pawer sansor HP 54814 us3ragees 07-Oct-14 (No, 217-02020) Cct-15

Power sensor HP 8481A MY&41082317 07-Oct-14 (No, 217-02021) Oat15

FAelerence 20 dB Attanuator SN: 5068 (20k) 01-Apr-15 (No. 317-02131) Mar-16

Type-N mismatch combnabon SN. 50472/ 06227 01-Ape-15 (Na. 217-02134) Mar16

Reftarance Probe ESSOV3 | BN 3206 30-Dec- 14 (No. ES3-3205_Dec14) Doc-15

DAE4 | s 0t 18-Aug-14 (No. DAE4-601_Augt4) Aug1%

Saecondary Standsrds iDs Check Date (in house) Scheduled Check

HF generator RAS SMT-08 160005 D4-Aug 9@ (in house check Oct-13) Ih house check: Oct-18

Notwork Anatyzer HP 8753€ USI7TIN050S 84208  18-Oct-01 (In houss check Oct-14) in house check: Oct-15
Name Function Signature

Cafibented by Latt Kiysnor Laboratary Technician W ¢
Approved by Katia Pokovic Techaical Manager Wé

Issusc: May 20, 2015

This calibration cerdificate shall not be reproduced axcegt i full without written approval of the laboratory
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Calibration Laboratory of S Schweizerischer Kallbrierdienst

Schmid & Partner e Sarvice sulsse d'étalonnage
Engineering AG o Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland %, ‘,'{/'\\w\f Swiss Calibration Service

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

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

Muttitateral Agr for the gnition of callbeation cortificates

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 fiat 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.

e SAA 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%.

Certificats No: D1900V2-50032_May15 Page20f 8
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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 Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ox, dy, dz =5mm
Froquency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and cakulations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)"C 3BO=26% 1.37 mho/m 2 6 %
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 measured 250 mW input power 10.2 Wiy
SAR for nominal Head TSL parameters normakized 1o 1W 41.1 Wkg £ 17.0 % (k=2)
SAR averaged over 10 ¢cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.33 Wikg
SAR for nominal Head TSL parametars normalized to 1W 21.4 Wikg = 16.5 % (ks2)

Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mha/m
Measured Body TSL parameters {(220+02)°C 527 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 Caadition
SAR measured 250 mW Input power 10.2 Whg
SAR for nominal Body TSL parameters pormalized 10 1W 40,9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 541 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

21.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d032_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 513Q+520
Retum Loss -2550d8

Antenna Parameters with Body TSL

Impadance, transformed to feed point 474043550
Ratum Loss -242dB

General Antenna Parameters and Design

[ Etoctrical Detay (one direction) | 1.105 ns |

After long term use with 100W radiated power. only a siight warming of the dipote near the fesdpoint can ba measured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line & directly connacted 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 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard

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

feedpoint may be damaged
Additional EUT Data
Manutactured by SPEAG
Manulaciured on March 17, 2003
Cortificate No: D1800V2-5:4032_May15 Pagodofd
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DASY5 Validation Report for Head TSL

Date: 20.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d032

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

Medium parumeters used: f = 1900 MHz: a = 1.37 S/m: &= 38.9; p = 1000 kg/m'’
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration
« Probe: ES3IDV3 - SN3203; ConvF(3. 5. 5); Calibrated: 30.12.2014;
» Sensor-Surface: 3Imm (Mechanical Surface Detection)
» Electronics: DAES Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 100]

« 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=5Smm

Reference Value = 99.00 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(1 g) = 10.2 W/kg: SAR(10 g) =5.33 W/kg

Maximum value of SAR (measored) = 12.7 W/kg

a8
0

-3.60
-1.20
-10.80
-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20,05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: DI900V2 - SN: 5d032

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

Medium parameters used: f= 1900 MHz; o = 151 Sim; g, =527, p = 1000 kg/m‘
Phantom section; Flat Section

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

DASY352 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4,65); Calibruted: 30.12.2014;
e Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002

o DASYS252.8.8(1222);, SEMCAD X 14.6,10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5Smm
Reference Value = 96.54 V/m; Power Drift =0.01 dB
Peak SAR (extrapoluted) = 17.3 W/kg

SAR(1 g) = 10.2 W/kg: SAR(10 g) =541 W/kg
Maximum value of SAR (measured) = 12,8 W/kg

-3.80
-7.60
-11.40

-15.20

0dB = 12.8 Wkg= 1107 dBW/kg

Cadtificate No: D1900V2-50032 May15 Page 7 of 8

F-TP22-03 (Rev.00) 189 /208 HCT CO., LTD



CT

HCTCO,LTD

FCC ID: ZNFK530F

Report No

: HCT-A-1603-F005-3

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A Schwelzerischer Kalibrierdienst
Schmid & Partner % S Service sulsse d'étalannage
Engineering AG = C' Servisio svizzero di taraturs
Zeughaussirasse 43, 8004 Zurich, Switrerland SN S Swiss Calibration Service

Accrodited by the Swiss Accreditation Seqvice (5AS)
The Swiss Accreditation Service is one of the signatorios to the EA
Multilatoral Agr for the gnition of calibration certificates

client  HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: D2450V2-743_May15

Ovject D2450V2 - SN: 743

Calibeation rocacis(s) QA CAL-05.v9

Calibration procedura for dipole validation kits above 700 MHz

Caibration date:

May 19, 2015

This callbration cedificals documents the trmceablity 10 national standaros, which reaiize the physical units of measurements (SI).
The measurements and the uncertainlies with confidence probebiity are given on the fokowing pages and are past of the cortlicate

All calibrations have basn conducted in the clused tsbomatary faclity: emviconment temperature (22 « 31°C and humidity < 70%

Caltratian Equipement used (MATE critical for caibration)

This calibeation cerdificate shall not be reproduced excegt In Tull witheut witten aporoval of the laboratory

Primary Standards 10 # Cal Date (Cartificats Na. ) dod Calirution

Paowar meter EPM-242A GBA74807T04 07-0ct-14 (No, 237.02020) Oct-15

Pawer sensor HP 84814 USI7202783 07-00t-14 (No. 217-02(020) Oct-15

Powur sansor HP B481A MY410e2317 07-Oct-14 (No. 21702021) Oct-15

Aeteence 20 dB Attenuator SN: 5058 20%) 01-Apr15 (No. 217-021351) Mar-18

Type-N mismaich combination SN: 50472/ 06327 01-Apr-15 (No. 217-02134) Mar-18

Refterence Proboe ES30VI SN 3208 30-Dec-14 (No. ES3-3205_Deci4) Dec-15

DAE4 SN e 18-Aug-14 {No, DAE4-G01_Augt4) Aug-15

Secondary Standards o Cheaok Dase (in houne) Scheduied Check

AF gooorator RES SMT-06 100005 04-Aug-88 (in house chack Oct-13) Ih house theck: Oct-18

Netwuck Anatyzer HP B753E UIS37390585 S4206 18-0ct-01 (in house chack Oct-14) In house check: Oct-15

Name Function Sign

Calibrated by Michas! Webee Laboratory Tachnicinn, i&_
. -

Approved by Katjs Pokovie Techaical Manager

ez

Issued: May X0, 2015

Cartfficate No: D2450V2-743_May15
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Calibration Laboratory of K, §  Schweizerischer Kaiibrierdienst
Schmid & Partner % G Service suisse détaionnage
Engineering AG f_/\‘r Servizio ovizrero di taratura
Zeughausstrasee 43, 8004 Zurich, Switzerland ‘«4,,"4'\\‘.\,.\? S Swiss Calibration Service
Accradited by the Swiss Accreditation Socvice (SAS) Accrediation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral Agreement 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, "Pracedure to measure the Specific Absorption Rate (SAR) for hand-heid
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:

e 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.

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.
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 V52.8.8
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 following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 352 1.80 mho/m
Measured Head TSL parameters (220=02)°C 37926% 1.84 mho/m +6 %
Head TSL temperature change during test <05°C — e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parametars normalized 1o 1W 53.4 Wikg = 17.0 % (k=2)
SAR averagoed over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.32 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

25.0 Wikg = 16.5 % (k=2)

Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters (220202)"'C 507 6% 203mho/m=6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 ecm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Whg
SAR for nominal Body TSL paramaters normalized to 1W 5§2.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAH measured 250 mW input power 6.20 Whg
SAR for nomingl Body TSL parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-743_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420Q+440
Retum Loss -246dB

Antenna Parameters with Body TSL

Impedance, transformed to {eed point 51404610
Retum Loss -2424dB

General Antenna Parameters and Design

| Esectrical Delay (one diraction) | 1.160 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding ine is directly connected to the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On same of the dipoles, small end caps
are addad 10 the dipole arms In order to improve matching when leaded according to the position as explained in the
*Measurament 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 dipols arms, because they might bend or the soldered connactions near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manutactured on December 01, 2003
Ceriificate No: D2450V2-743_May15 Paga 4 of B
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DASYS5 Validation Report for Head TSL

Date: 19.05.2015
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 = 1.84 S/m; £ = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(4.54, 4,54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechunical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASY5252.8.8(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=5Smm, dy=Smm, dz=5mm

Reference Value = 1014 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(] g} = 13.6 W/kg; SAR(10 g) = 6.32 W/kg

Maximum value of SAR (measured) = 17.7 W/kg

a8

-4.80
-9.60
-14.40
-19.20
24,00

0 dB = 17.7 Wikg = 1248 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 19.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

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

Medium parameters used: f = 2450 MHz; o = 2.03 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.32, 4,32, 4.32); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

e 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=3mm, dy=5mm, dz=5mm

Reference Value = 96.12 V/m; Power Drift = -0.02 dB

Peak SAR (extrupolated) = 27.9 Wikg

SAR(1 g) = 13.4 W/kg: SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 17.7 W/kg

dB8

-4.80
-9.60
-14.40
-19.20

-24.00

0dB =177 Wikg=12.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of L, §  Schwolzerischor Kasibrierdsenst
Schmid & Partner % Service sulsse d'dtalonnage
Engineering AG Sy C  sarvisio svisaero di tersten
Zeughausstrasse 43, 0004 Zurich, Switzerfand R S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signaiories o the EA
Multilaters! Ag for the recognition of cafibration cestificates
ciont  HCT (Dymstec) Cartificate No: D2600V2-1015_Mari5
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1015
Catbiration proceckine(s) QA CAL-D5.v9
Calibration procedure for dipole validation kits above 700 MHz
Caltration date March 25, 2015
This calbration certificate doouments the raceability to national standarts. which realize the phy } anits ol verds (S1).
Ther WS and ha unc with canfidence peobability are gven on the lollowang pages and are parn of the cenificase
Ar s have boen cor I Ihe closed labaralory faciily. anvironment emporature (22 + 310 and humidity < 70%

Caibeutian Equipment used (MATE critical for calibaation)

Prienary Standarss 04 Cal Date (Cestilicate No.) S [= )

Powor metar EPM-442A GB3I7480704 07-0ct-14 (No. 217-02020) Ocr15

Powor sanaoe HF 8481A US37202783 07-Cct-14 (No, 217-02020) Oct 15

Powee sonsor HP 84814 MYa109237 07-0ct-14 (No. 21702021} 015

Relerence 20 dB Attenuator SN: 5068 (20k) 03-Ape-14 (No. 217.01918) Apr-15

Type:N mismaich combination SN 50472 /05327 03-Ape-14 {No. 217-01021) Apras

Referance Proba ESIOV3 SN 2200 30-Deoc-14 (N0, E53-3205_Decl4) Dec-15

DAE4 8N 801 18-Aug-14 (No, DAEAGO1_Augtd) AuQ-15

Secondary Stundards 0y Chock Date (in house) Scheduled Check

AF ganarxior RAS SMT-08 100005 O4-Aug-99 (in house check Oct-13) In nouse chack: Oct-16

Network Aradyzet HF 8753 USITI90888 S4206 18-0ct-01 (in house chsck Oct-14) In house check: O¢t-156
Name Function Signature

Gatbrated by Joton Kastrat mrﬂ%( ,
Apgraved by Kata Poxovic Teonnical Manager %;,

lssued: March 25, 2015

This calibration cortilicate shal not be teproduced axcept in full without written appraval of 1he labaralony
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Calibration Laboratory of \\&-\l_//'/',} S Schweizsrischer Kalibeierdienst
Schmid & Partner - 1 ¢ Service suisse détalonnage
Engineering AG =6 Servizio svizzero di tarmtura
Zoughausstrasse 43, B004 Zurich, Switzerdand % ,'ﬁ‘\‘,\? S Swiss Catibration Servics
Accredited by the Swiss Accreditation Sanics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorios to the EA
Muitilateral Agreement 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
paralle! 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 rted 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 Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 2600 MHz + 1 MHz
Head TSL parameters
The following paramatars and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 390 1.96 mho/m
Measurad Head TSL parameters (220+02)'C 37226% 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 parameters nommakzed to 1W 56.5 W/kg = 17.0 % (k=2)
SAR nveraged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6540 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220=202)"C 503+6% 220 mho/m 26 %
Body TSL temperature change during test <05"C - -
SAR resuit with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Whg
SAR for nominal Body TSL parameters normalfized to 1W 55.4 Wikg =2 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 24.8 Wikg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5000-21)0
Raturn Loss -335d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48680-19jQ
Retum Loss -278dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.150 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second 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 to improve matching when loaded according to the position as axplained in the
“Measyrement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole langth is still
acoording to the Standard

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on October 30, 2007
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DASY5 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; g, = 37.2. p = 1000 kg/m”
Phantom section: Flat Section

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

DASY32 Configuration:

Dipole Calibration for Head/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Probe: ES3DV3 - 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: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.1((7331)

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 102.2 V/im: Power Drift = 0,03 dB
Peak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.4 W/kg
Maximum value of SAR (measured) = 8.9 W/ikg

1550

nm

0dB = 18.9 W/kg = 12.76 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, Zurnich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parnmeters used: f = 2600 MHz; 0 = 2.2 S/m: ¢, = 50.3; p = 1000 kg_-lm:
Phantom section: Flat Section

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

DASYS52 Configuration:
o  Probe: ES3DV] - SN3205; ConvF(4.13, 4,13, 4.13); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA. Seral: 1002

o DASYS5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 96.03 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.2 W/kg

SAR(I g) = 14.1 W/kg:; SAR(10 g) = 6.27 W/kg

Muximum value of SAR (measured) = 18.6 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =186 Wikg=12.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

The brain and muscle mixtures consist of a viscous gel using hydrox-ethyl cellulose (HEC) gelling agent and
saline solution (see Table 3.1). Preservation with a bacteriacide is added and visual inspection is made to
make sure air bubbles are not trapped during the mixing process. The mixture is calibrated to obtain proper
dielectric constant (permittivity) and conductivity of the desired tissue. The mixture characterizations used for
the brain and muscle tissue simulating liquids are according to the data by C. Gabriel and G. Hartsgrove.

Ingredients Frequency (MHz)
(% by weight) 1900 2450-2700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether 17.24 10.67
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether
Composition of the Tissue Equivalent Matter
F-TP22-03 (Rev.00) 207 /208 HCT CO., LTD
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Attachment 6. - SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r02, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

SAR Dlelectrlc Parameters CW Validation Modulatlon Validation
System e Probe | oot | Dipole | Dat
00 Type s [BES 2S Measured Measured o ... —Probe Probe MOD. Duty o
. on Permlttlwty Conductivity yLlnearltylsotropy Type |Factor

1 3863 [EX3DV4 | Head | 750 | 1014 |2015.09.14 41.8 PASS | PASS | PASS | N/A

1 3863 [EX3DV4 | Body | 750 | 1014 | 2015.09.15 55.2 0.96 PASS | PASS | PASS | N/A | NA | N/A
1 3863 [EX3DV4 | Head | 835 | 4d165 | 2015.12.01 40.8 0.89 PASS | PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head | 835 | 4d165 | 2015.12.01 40.8 0.89 PASS | PASS | PASS |GMSK|PASS| N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS | N/A | NA | N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS |GMSK|PASS| N/A
12 | 7370 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
12 | 7370 [EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 [EX3DV4 | Head |1900| 5d032 | 2015.06.29 40.1 1.38 PASS | PASS | PASS |GMSK|PASS| N/A

9 | 3968 [EX3DV4 | Head |1900| 5d032 | 2015.06.29 40.1 1.38 PASS | PASS | PASS | N/A | N/A | N/A

12 | 7370 [EX3DV4 | Head [1900| 5d032 | 2015.09.14 39.9 1.41 PASS | PASS | PASS |GMSK|PASS| N/A

12 | 7370 [EX3DV4 | Body [1900| 5d032 | 2015.09.15 52.3 1.52 PASS | PASS | PASS |GMSK|PASS| N/A

9 | 3968 [EX3DV4 | Body |1900| 5d032 | 2015.07.01 52.8 1.53 PASS | PASS | PASS| NA | N/A | NA

8 | 3967 |EX3DV4|Head |2450| 743 |2015.12.28 39.3 1.79 PASS | PASS | PASS |OFDM| N/A |PASS
9 | 3968 [EX3DV4 | Body |2450| 743 |2015.07.01 52.9 1.98 PASS | PASS | PASS |OFDM| N/A |PASS
8 | 3967 |[EX3DV4 | Head |2600| 1015 |2015.12.28 39.2 1.95 PASS | PASS | PASS | NA | N/A | NA

9 | 3968 [EX3DV4 | Body |2600| 1015 |2015.07.01 52.9 2.18 PASS | PASS | PASS | NA | N/A | NA

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,
such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
D01v01r04.
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