-
h’a— FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

HCTCO,LLTD

Attachment 3. — Probe Calibration Data

F-TP22-03 (Rev.00) 124 /202 HCT CO,, LTD



aCT

HCTCO,LTD

FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 0004 Zurich, Switzeriand

Accredited by the Swiss Accreditation Servics (SAS)

The Swiss Accroditation Service is one of the signatocies to the EA
Multilateral Agreament for the recognition of calibration certificates

Caltation procodura|s)

Calraton oate:

This calibration ceificale docurmants the

The measuraments and the

with confi

aty 1o nat

Calibration Equipmeant used (MATE cnfical lor calitwrason )

A calitrations. have been canducted |n the closed laboratcry facildy: savennment temperuturs (22 & 31°C and numiday < 70%

| standards, which reaiize the physical units of measurements {51
probatifity e gven on the KEowing pages and s part of the certifcats.

Service suisse détalonnage
Sarvizic svizzero di taraturs
Swiss Calibration Service

Frimary Star 13} Cal Date {Certificate No ) Schediind Castraton

Power meter E44168 GB4 1203074 O1-Apr-16 (No. 237.02128) Mar-10

Power sensor E412A MY 41488087 O1-Apr-15 (No 217-02128) Mar-16

Reference § dB Attenvanor SN 55062 (3} 0%Ape 15 (No 217-02128) Mar-10

Reterence 20 08 Atloruator SN 88277 (20x) 01-Ape-15 (No 217-02132) Mar18

Reference 30 ull Atleoustor SN 55129 (30b) 01-Ape-15 (No. 21702133} Mar-18

Rk Probe ES30VZ SN. 3013 30-Dec-14 (No. E53-3013_Dectd) Dec-16

DAES SN 680 14-Jan 15 (No. DAE4-6EQ_lan15) Jan-10

S y Standards D Check Date (in house) Scheduled Chack

RE genesstor HP B648C US3842001 700 A-Aug-09 (In house check Ape-13) In house check: Apr-16

Natwork Analyzef HP 8753E | USI7300585 18-Oct-01 {in house chack Oct-14) In house check: Oct-15
Function

Approved by:

This calibraton corificain shal not be regroduced except in full wiinout weitten aporovil of the eboratoey,

Certificate No; EX3-3863_Aug15

Page 10l 11

F-TP22-03 (Rev.00)

125 /202

HCT CO,, LTD



CT

FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1
HCT CO,LTD
Calibration Laboratory of PSS Sch Kb
Schmid & Partner = g Service suisse d'étalonnage
Engineering AG 5 < g Servicio sviczero df tarstura
Zeughausstrasse 43, 1004 Zurich, Switseriand &f\\w? Suies Calibration Servioe
Accredited by the Swiss Accradilation Senice {SAS) Accreditation No.: SCS 0108

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

pce diode compression point

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

A B.CD modulation dependent linearization paramelers

Polarization ¢ W rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal to probs 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)

b)
c)

d)

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

IEC 82200-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-heid devices used in close
proximity to the ear {frequancy range of 300 MHz to 3 GHz)", February 2005

|EC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

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

NORM(N)x,y,z = NORMx,y,z * frequency._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 unceriainty of ConvF

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

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

Axy.2; Bx.y.z: Cxy.z Dxy,z. VR.y.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR & the maximum calibration range expressed in RMS voltage across the diode.

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 distribubons based on power
measuremenis 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 * Convf whereby the uncertainty comesponds to that given for ConvF, A fraquancy dependent
ConvF is used in DASY version 4.4 and higher which allows axtending the validity from £ 50 MHz fo £ 100
MHz.

Spherical isotrapy (3D deviation from fsotropy): in a field of low gradients realized using a flat phantom
axposed by a patch antenna,

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncartainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

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

Norm (uVAV/im) ) 0.37 0.35 0.45 2101 %
{ DCP (mV)" 101.9 103.9 98.9 N
Modulation Calibration Parameters
Ui Communication System Name A B c D VR Unc"
L_ WR| ds d8vuv dB mv (k=2)
) 'cw | % 00 0.0 10 | 000 | 1318 | s27%
| - |y | o0 00 | 10 | [12ee [ |
| 1z | oo 0.0 10 1264

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 85%.

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

" Numencal inearization paramater: uncertmnty not rgsred

© Unosrtainty is determined using tha max. deviation from inear rsponse apolying rectanguiar distribution aed in exprasssed for ihe squive of the

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth © Une

1(MHz)® | Permittivity" ($im)" ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
150 523 0.76 11.89 11.89 11.89 0.00 1.00 | 213.3%
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 0.0 9.45 9.46 9.46 0.21 130 | £120%
900 415 0.97 9.28 9.28 9.28 0.26 1.11 +120%
1450 40.5 1.20 831 8.31 8.31 0.15 1.81 +120%
1750 401 1.37 8.18 8.18 8.18 0.36 080 | +120%
19800 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 1.04 | +120%
3500 379 291 6.77 6.77 6.77 0.38 106 | £131%
5250 359 471 4.94 494 494 0.35 180 | #131%
5600 355 507 444 4.44 444 0.45 180 | £131%
5750 35.4 5.22 4,65 4.65 4.65 0.45 180 | +£131%

“ Fraquency validity above 300 MHz of 2 100 Mz only spplies for DASY vd 4 and higher (see Page 2) &adcwlwbtﬁﬂm 1'-
uncananty is the RSS of the ConvF urcertandy at calibration frequency and the Wy for the y band. Fi
below 300 Mz u = 10, 25, 20, 50 and 70 MHz for Conv® sssesaments st 30. 64_ 128 tsnmmwmum Aboantkfmu-ncy
muyanmwwznow

" A lrpquencies bolow 3 Gz, the validity of tissue paratneters (r and o) can be roloxed 0 = 10% If bquid persation formula is 1
measured SAR values. Al frequencias above 3 Gz, the valdty of fissue paramaters (c and o) & restricted 1o © 5% Ynmlynnnﬂ%d
hOumeMylumdwwm

 AlphaDaptn are dueng 1havt e 1y due 1o e b y ottect atter wsation s
@wiys oss than = mmmmsc&ummxammmum-mmw-mummn
daemeter fom (he Soundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth © Une
I (MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ComvFZ ‘ Alpha® | (mm) (k=2)
150 61.9 0.80 1168 11.68 11.68 | 000 100 | 2133%
450 56.7 0.94 1067 10.67 10.67 0.10 120 | 213.3%
750 555 0.96 9,76 9.76 9.76 0.25 116 | £120%
835 552 097 9,40 9,40 9.40 0.23 144 | £120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +120%
1900 533 1.52 7.48 7.48 7.48 0.39 080 | 2120%
2450 527 1.95 7.11 7.1 711 0.31 080 | +120%
2600 525 216 6.97 8.97 6.97 0.33 080 | +120%
5250 489 5.36 4.44 4.44 4.44 0.40 190 | £131%
5600 485 577 a7 ar 377 0.50 190 | +131%
5750 48.3 584 4.08 4.08 4.08 0.50 190 | £131%

’meymmymmu'hdt'NWMMMWMVMJ“WH&PQBI) eise t & restrcted 1o 4 50 MHZ The
uncanainty i the RSS of the ConvF uncerainty at calibratian freqguency and the uncertainty for the indcated fequency band. Frequancy vakdty
Delow 300 MH2 is £ 10, 25, 40, 50 and 70 MHz for ConvF assosamants ot 30. 64, 128 150 and 220 MHZ respectvely. Above 5 GHz frequenay
valdty can be sdended i £ 110 MMz
" Al froquonces below 3 GH2. the valiaty of tissue paramsters (c and =) can be reiaxed 15 = 10% If liquid compensation formula is appied 10
measued SAR valuns. At frequences above 3 GHz, the vaidity of tissus parmmelens (« #0d o) 5 restrcted 10 £ 5% The uncartainty is the RSS of
uncumenyhmuwmmm

are determined during calibration. SPEAG warmants that the remaining deviation due 10 the boundary eflect afler Sompensation is
abways less than = 15 for frequencies below 3 GHz and below ¢ 2%, for frequencies between 3-8 GHz at sty (istancs larger thar half the probe bo
Aametsr from the Doundary,
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Report No: HCT-A-1607-F002-1

EX30VA4- SN3862

Frequency response (normalized)

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

0 500 1000 1500 2000 2500
f (MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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August 27, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
. - - . . o «
:;T ;’94! - ppte.v g 3~ .!!“-"9231 '!‘3":':'3;3""‘.
i
Rod [
ST T T s
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}caq4)
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Uncertainty of Linearity Assessmeont: £ 0.6% (k=2)
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EX30V4- SN:3863

Auvgust 27, 2015

Conversion Factor Assessment

= B35 MHz WGLS R9 (H_convF)
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(= 1900 MHz WGLS R22 (H_conm)

b = - " .
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Deviation from Isotropy in Liquid
Error (4, 8), f =900 MHz

' 5o
ogﬁi’i’ﬂauh

-1.0

08 <08 04 -02 00
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

02 04

06 08 10
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

[ Sensor Arrangement " Trangular |
| Connector Angle () 1053
Mechanical Surface Detection Mode — enabled
Optical Surface Detection Mode N disabled
“Probe Overall Langth ———— 337 mm
“Probe Body Diameter 10 mm
Tip Length amm |
Tip Damater 25 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calitration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 14 mm |
Certificate No: EX3-3863_Aug1s Page 11 of 11
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCT CO,LTD
Calibration Laboratory of Y faids -
Schmid & Partner % 7\ eyl
Engineering AG s s g Sorvisio sviszero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzariand LA Swisa Callbration Service

Accredited by the Swiss Accredtatian Sarvice (SAS)
The Swiss Accreditation Secvice is onw of the signatories to the EA
Multitateral Agreement far the recognition of calibration cerntificates

Calibration date:

This cattration conficate documents the fraceabiity to national standards, which realze the physcal unes of measurements (S1)

Accreditation No.: SCS 0108

This calibration centificate shall nat be reproduced excest in full without wiitten soproval of the laborstory

The and the ties with confidence probabilty ate given on the following pages and ure part of the cenificate.
Al bty have been cond n the dosed y faciny: petature (22 £ 3)°C and humidity < 70%,
Catbration Equipment wsed (MATE critical for calibration)
Standarts 0 Cat Date (Cortficate Na ) Scheduted Calbraton

Power mates EA4168 GB41293874 Qt-Apr-15 (No. 257-02128) Mar.10

Power sensar E4412A MY4 1408047 01-Apr-15 (Na. 297-02128) Mar-16

Refarence 3 0B Aencaror SN 55063 (3c) 01-Apr-1% (No. 217-02126) Mar-10

Ruterence 20 ¢8 Ateouator BN 55277 (20 01-Apr15 (Na. 217-02132) Mar-18

Reference 30 (B Aniecuator | SN. $5129 {300) _ 01-Apr-15 (No. 217-02133) Mar-10

Rutwrence Probw ES30V2 SN 3013 30-Dec- 14 (Na. E53.3013_Dec14) Dec-18

DAE4 SN 6560 14.Jan- 15 (No. DAE4-880_Jan18) Jan-16

Secondary Standands D Check Dato (i house) Sched Check
_RF genarater HP B645C US3642001700 2-Aup98 (In house check Apr-13} I house check: Apr-18
Network Analyzes HP 87535 | USIT300585 18-0ct41 (in houso check Oct-15) In house check: Oci- 18

Function
Culteatod by Laboraliry
Approved by
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Calibration Laboratory of FAYS) Schwelzsrischor Kalibriordienst

Schmid & Partner ~— g Service sulase d'étalonnage
Engineering AG > Servizio svizzero di taratura

Zeughausstrasss 43, 8004 Zurich, Switzeriand 7-,,.‘@‘\ S Swiss Calibration Service

Accredied by the Swss Accrediation Serace (SAS] Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORM:

DCcP diode compressian point

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

AB.C.D modulstion dependent linearization parameters

Polarization p @ rotation around probe axis

Polarization 5 8 rotation around an aws that is in the plane normal to probe axis (at measuremant centar),

Le, 8 =0 & normal to probe axis
Conneclor Angle Information used in DASY system to align probe sensor X to the robot coordinate systom

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 62208-1, "Procedure to measura the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MMz to 3 GHz)", February 2005

¢} 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 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMy.y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell: > 1800 MHz: R22 waveguide)
NORMx.y,z are only intermediate values, |.6., the uncertainties of NORMx,y.z does not affect the E*-fiald
uncertainty inside TSL (see below ConvF).

* NORM(fx.y,z = NORMx.y.z * frequency_response (see Frequency Response Chart). This lineanzation is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency responsa is included
in the stated uncertainty of ConvF

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

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

o Axyz Bx.y.z Cxy.z Dx,y.z; VRx,y,z. A B, C, D are numerncal inearization 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 across the diode.

e 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 distnbutions 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 uncenainty values are given These pammeters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y.z * ConyF whereby the uncertainty corresponds to that given for CanvF. A frequency dependent
ConvF 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 & field of low gradients reafized using a fiat phantom
axposad by a patch antenna.

* Sensor Offset The sensor offset coresponds 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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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters
=y Sensor X Sensor Y Sensor 2 Unc (k=2}
| Norm (uVi(vim))* 0,62 0.58 0.56 +10.1%
| DCP (mV)" Qa9 5 97.0 98.4
Modulation Calibration Parameters
uiD | Communication System Name | A | B c 3) VR Unc®
48 d8vVuv dB mv (x=2)
0 cW I x| oo 0.0 10| 000 | 1775 | 25%
| ¥ 0.0 0.0 10 1769 e
| 2 0.0 0.0 1.0 1718

The reroned uncertainly of measurement is stated as the standard uncertainty of measurement
muitiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage

probability of approximately 95%.

* The uncertaities of Norm XY, Z do not affect the Efisld uncertarty inside TSL (see Pages 5 and 8)

" Numerics! inearization parameter: uncertainty not requined.
‘Umnamyﬁdcmwmmumu o oo from bnear resg APEyIng rectangular GsIHBubon and m exp < Tor Ihe scuarm of the
fal O viviom
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © P.mm':_xy' cotmm ConvE X | ConvFY | ComvFZ | Alpha® m‘r (uu-n;)
750 41.9 0,89 9,38 938 9.38 0.32 096 | +120%
835 415 0.90 B.98 B.98 8.99 0.16 178 | $120%
800 415 097 8.66 B.86 8.88 0.21 153 | £120%
1450 405 1.20 1.73 7.73 7.73 0.15 177 | £120%
1750 401 137 7.85 7.85 7.85 0.35 080 | £120%
1900 40.0 1.40 7.61 7 61 7.61 0.34 080 | £120%
1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | $120%
2300 3n5 167 1.27 r.27 7.27 0.39 085 | £120%
2450 39.2 1.80 .90 6.90 6.90 0.40 080 | £120%
2600 39.0 1.96 6.68 6.68 6.68 048 080 | £120%
3500 KTA:) 291 8.61 6,61 6.61 0.39 089 | 2131%
5200 36.0 4.66 4.80 4.80 4.80 0.40 180 | 2131%
5300 35.9 4.76 459 459 4.58 0.40 180 | 2131%
5500 356 496 452 4,52 452 0.45 180 | £131%
56800 355 5.07 421 4.21 421 0.50 180 | #131%
5800 353 5.27 420 4.20 4.20 0.50 1.80 | $131%

" Frequency valdsy above 300 Mz of & 100 MHz only nppdes for DASY w4 4 and gher (soa Poge 2), olse It 15 restricted 1o = 50 MMz The
ummmumnssumcwmmwumm-mmmmryhnmmmw Fcequarquﬂty
baolow 300 MHz is £ 10, 25, 40, 50 ana 70 MHz for ConvF assassments at 30, 64, 128, 150 and 220 Mz respectively, Above 5 GHz bequency
vakcity can be exiended to £ 110 MMz

" At froquencies below 3 GHz. the vaildity of lissue parameten (¢ and o) can be ek 19 + 10% If Sgud compensation fonmuss & applied to
measured SAR vams. At froquencies above 3 GHz. the validity of Sssue parnmeters (¢ and o} s restncied 1o £ 5%. The uncertainty i the RSS of
the ConvF Mmumwwumm

“ Apha/Degth are durng SPEAG watronts that the remaining deviation due 10 the boundary sffect afer

always less than ¢ mhh:qmmmaamnmbomtnummucﬂznmdnnmuwmmmmuo
diameler from the boundery
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

EX30V4- SN:3797

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

November 24, 2015

Relative Conductivity Depth* Unc

f(MHZ)© | Permittivity” (S/m) ConvF X | ConvFY | ConwFZ | Alpha® | (mm) (k=2)
750 555 0.96 9,39 9.39 9.39 0.29 116 | +£120%
835 65.2 0.97 9.17 0.17 9.17 0.32 100 | £120%
1750 534 1.49 7.52 7.52 7.52 0.42 080 | £120%
1900 53.3 1.52 7.32 7.32 7.32 0.31 0.97 +120%
2450 52.7 1.95 8.91 £.01 8.91 0.34 085 | £120%
2600 525 216 6.75 6.75 6.75 0.18 000 | £120%
5200 49.0 5.30 4.24 4.24 424 0.50 1.90 +£131%
5300 489 542 4.07 4.07 4.07 0.50 1.90 £131%
5500 486 565 3.80 3.80 3.80 0.55 1.90 +£131%
5600 48.5 517 3.54 354 3.54 0.60 1.90 +131%
5800 48.2 6,00 3.84 384 3.84 0.60 1.90 +13.1%

‘rmmmmmuu~'mukmnﬂmfmmsvuiwmlmmzymunm«rmln 50 MHz. Tha
uncertality is the RSS of me Conyf™ uncertainty st calibeation fg y et tha un

frequency band. Frequency validity
Betow 300 MHz s = 10 25, 40, 50 and 70 MMz for ConvF assessmants &t 30, 64, 123 immmmm Above 5 Gz Irequency
vailddy can be extended to £ 110 MHz

M Trequencies befow 3 GHz. the valiciity of tssus paramaiers (= and o) can be ralaxed 1o 2 10% I baguel compensaton fomua is appsed 1o

measured SAR values. At fraquencies above 3 Gz, the validty of lissue parsemeten (c and o) = restrcted 10 £ 5%. The uncentainly is the RSS of
the ComvF uncertainty for indicated farget tiasue
during calb

* NphaiDeps are

Sametar from the boundary

parametern
1 SPEAG warrants that (he remaining devialion dus 10 the bounduey sflect sfter compansation s
ahenyn less than = 1% 1or froguancies befow 3 Gz and balow £ 2% for fraguencins between 3-6 GHz st any dstance lnrgor than had the probe tp
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FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1
HCTCO,LTD
EX3DV4- SN3797 Novembor 24, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

EX3I0Va.. SN.3T87

Novembear 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
" : J 3 ¥ 3 :

B P i T o DR T o o S S R S

Error [d8)

- -

Rok 1]

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

EX3DV4- SN3T97

Dynamic Range f(SAR}cad)
(TEM cell , fou= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cerlificate No: EX3-3797 _Novis Page 9 of 11
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FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1
HCTCO,LTD
EX30Va- SN:3787 November 24, 2015
Conversion Factor Assessment
= 835 MHz WGLS RS (H_comf) = 1900 MHz WGLS R22 (H_comvF)
i n i :j
£ £ |
3 S|
il : = = @ T W = ' . w W x--_.;___;.“ - e -
T 2 T o=
Deviation from Isotropy in Liquid
Error (4, ), f = 900 MHz
10 08 08 04 02 00 02 O4 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cartficate No: EX3-3797_Novis Page 10t 11
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Report No: HCT-A-1607-F002-1

EXIDV4- SN:3797

Novernber 24, 2015

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

| Sensor Arrangement Trisngular

{ Connector Angle (*) 675

[ Mechanical Surface Detection Mode enabled
"Optical Surface Detection Mode disabled |
Probe Overall Length 337 mm
Probe Body Diameter 10 mm |
Tip Length amm |
“Tip Diameter 2.5mm
‘Probe Tip 1o Sensor X Calibration Point 1 mm

\ Probe Tip 1o Sensor Y Calibration Pomt 1 mm

Probe Tip to Sensor Z Calibration Point - 1 mm

l Recommended Measurament Distance from Surface 1.4 mm

Cartificate No: EX3-3787_Nov15 Page 110l 11
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Attachment 4. — Dipole Calibration Data
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HCTCO,LTD

Calibration Laboratory of {.\-‘\'{{Jj"@ S Schweizerischer Kalibrierdienst

Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG e Servizio svizzero i taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand % /.ﬁ‘w“} S Swiss Colibration Service

Accradied by the Swiss Accredaation Senvice (SAS) Accreditation No,: SCS 0108

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

Multilateral Ags 1 for the recognition of catibration cartificates

client  HCT (Dymstec) Centificate No: D750V3-1014_Jul1s

|CALIBRATION CERTIFICATE
|

| Objoct D750V3 - SN: 1014

Catbraton procedurels) QA CAL-05.v8
Calibraticn procedure for dipole validation kits above 700 MHz

| Cafibration date: July 23, 2015

This calibeation cemticate documents e raceability to national stardusds, wihich resiz e physical units ol measarements (SI).
The measummeonts and the Unconainties with contidence protiabiity ane given on 1ha following pages and ate part af the cartificate

Al calibeations have Deen conducted in the closed lahoratory faciity; erviranment temperature (22 + 3)°C and humidity « 70%.

Calration Equipment used (MSTE antical for calibration)

Primary Standards lIDs Cal Dato (Gortibicate No ) Sehedued Calbration
| Power meter EPM-4424 | GBI7T4BOTO4 07-Oct-14 (NO. 217-02020) Oct-15
| Power sensor HP 8481A | US37292783 07-Oct-14 (No. 217-02020) Oot185
Power sansue HP B281A | MY41062317 07-0ct-14 (No. 217-02021) Ooa-is
Reference 20 ¢B Anenualor | SNI 5058 {(20K) 01-Ape-15 (No. 21 702137) Mar-16
Type-N mismatch combination SN 547 2/ DES2Y 01-Apr-15 (No. 217-02134) Mar-16
Referance Probe ESIOV3 SN: 3205 A0-Dec-14 (No. ES3-3206_Decd) Dac-1%
DAE4 SN 501 18-Aug-14 (No. DAEAE0T_Aug14) Aug-15
| Secondary Slngards liow Cheook Date {in houss) Soneduled Check
AF generator A&S SMT-05 | 100005 D4-Aug-93 (in hiusse check Oct-13) I bouse check: Oct-16
Network Anatyzer HP 8753E | US37300584 54206 38-0ct-01 (in house check Oct-14) 1 house chack: Oct-15
Name Function Si e
Calibeated by Michasl Webar Laboratory Tochnician %—
Approved by: Katja Pakowic Tochnicai Managsr P C :4{;_,
o L

Issued: July 23, 2015

This calibration cediticale shall not be reproduced axcegt in full without writter: apaeoval of the laboratory.

Centificate No: D750V3-1014_Jul15 Page10i8
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Calibration Laboratory of

i G Sehweizerischer Kalibrierdienst

Schmid & Partner Service suisse d'étalonnage
Engineering AG C  gorvizio avizzero di taratura

Zeughsusstrasse 43, 8004 Zurich, Switzertand S  Swiss Calibration Service

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

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

Murttilateral Age t tor the recognition of calibration 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) |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 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 available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

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

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

Ceriificatn No: D750V3-1014_Jul15 Page 2ol B
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vs5z88
Extrapolation Advanced Extrapofation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL paramelers (220£02)°C 42526% 06.90 mhoim =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 measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.15 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.33 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters &nd calculations were applied,
Temperature Permittivity Caonductivity
Nominal Body TSL parameters 220'C 55.5 0.96 mha/m
Measured Body TSL parameters (22.020.2)°C 551+ 6% 0983 mha/m 6%
Body TSL temperature change during test <0.5°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 tor nominal Body TSL parameters normalized to 1W 8.49 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAH measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized 1o 1TW 5.60 Wikg = 16.5 % (k=2)
Cenificate No, D750V3-1014_Jul1s Page3of8
F-TP22-03 (Rev.00) 150 /202 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 53904172
Return Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 48.12-1.3Q
Aeturn Loss «36.0d8

General Antenna Parameters and Design

| Ezectrical Detay (one direction) | 1.036 s |

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

The dipale is made of standard semirigid coaxfal cable. The center conductor of the feeding line is directly connected to the
sacond arm of the dipoie. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
ara added to the dipole arms in order to improve maiching 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 lengthis still
according to the Standard.

No gxcessive force mus! be applied to the dipole arms, because they might bend or the scldeved connections near the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 22, 2010
Certficate No: D750V3-1014_Juls Page 401 8
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015

Test Laboratory: SPEAG, Zurich, Switzeriand

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014

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

Medium parameters used: £=750 MHz: o= 0.9 S/m: & =42.5: p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS2 Configeration:

°

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Probe: ES3DV3 - SN3205: ConvF(6.44, 6.44, 6,44); Calibrated: 30.12.2014,
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronies: DAEA Sn601: Calibrated: |18.08.2014

Phantom: Flat Phantom 4.9L: Type: QDOODP4YAA: Serial; 1001

DASYS52 52.8.8(1222). SEMCAD X 14.6,10(7331)

Measurement grid: 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

diB

0

-2.00
-4.00
-6.00
-8.00

-10.00

0 dB = 2.40 W/kg = 3.80 dBW/kg

Cernficate No: BY50V3-1014_Jul1s Page 501 &
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Impedance Measurement Plot for Head TSL

14 Jul 2015 186124347
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DASYS5 Validation Report for Body TSL

Date: 23.07.2015
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1014

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

Medium parameters used: { = 750 MHz: 6 = 0.98 S/m; 5 = 55.1; p = 1000 kg/m*
Phantom section: Flat Secuion

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

DASYS52 Configuration;
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6,21, 6.21); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAEA Sn601; Calibrated: 18.08.2014
o Phantom: Flat Prantom 4.9L; Type: QDODOP49AA; Serial: 1001

o DASY5252:8.8(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=5Smm, dz=5mm

Reference Value = 52 42 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,15 W/kg

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

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

dB
0

-2.00
-4.00
-6.00
-8.00

-10.00

0 dB =2.51 Wikg = 4.00 dBW/kg

Cortificiate No: D750V3-1014_Jul1s Page7al8
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Report No
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

e,

AN 7 Schweizerischer Kalibrierdienst
Schmid & Pariner A (S: Service suisse d'éalonnage
Engineering AG g Sarvizio svizzero di taratura
Zoughausstrasse &3, 8004 Zurich, Switzertand S S swiss Calibration Service
Accredited by the Swiss Accredation 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
clie  HCT (Dymstec) Coctificate No: D835V2-4d165_Nov15
|CALIBRATION CERTIFICATE |
| Ooject DB35V2 - SN: 4d165
Caltiration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Casbration dasw: November 24, 2015
Thia culitewtion conificate documents the lity to r | e, which realize the physical units of measurements (S1)

The messuremeonts and the uncenainties with confidence probabilty are given on the following pages and are pant of the canficate
AX cafibrations have been conductod in the ciased |sboratory tacilily: emironment temparature (22 1 3)°C ang humidily < 70%.

Caltrubon Equipment used (MATE critical for calibeation)

Primary Standards ID# Ca Date (Certificate No ) Scheduled Casbration
Powar motor EPM-S42A GE37480704 07-Cct-15 (No. 217-02222) Oct-16

Power sensor HP 8481A UsSa7292783 07-0ct-15 (N0, 217-02222) Oct-18

Powee sensor HP 8451A MY41092317 07-Ocl-15 (No. 217-02224) Oct-16

Reterenca 20 dB Atlenuador SN 5088 (20k) 01-Apr-15 (No. 217-02131) Mar-10

Type-N mismatch combination SN: 5047.2 / 06327 01-Ape-15 (No. 217-02134) Mas-16

Relerance Probe EX30V4 SN: 7340 30-Dec-14 (No. EX3-7349 Doc14) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAE4-G01_Aug1s) Aug-16

Secandary Standards LD Chocie Date (in housa} Schaduled Chack

AF ganomior AAS SMT-06 100972 15-Jur-15 (In house check Jun-15) In hause check. Jun-18
Network Analyzic HP 8753E US37300585 S4208  18-0ct-01 (in houss check Oct-15) In house check: Oct-16

Sgraturs
Calibeated by Michast Wabar Laboratory Techrician l w
Appioved by: Katjn Poxovic Technical Manager %%

lssued: Novombaer 24, 2015

Thia calibmton cedificate shall not be reproduced sxcept in ful withoul witten approval of the laboratory.

Cenificate No: D835V2-4d165_Novi15 Page 1 ot 8
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ca“mﬂon ubmm Of {g‘\'g"",_; s Schwelzerischer Kalibnerdienst
Schmid & Partner % c Gervice sulsse d'dtalonnage

Engineering AG o = Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland % ,'ﬁ_\,\? S swiss Calibration Service
Accradited by the Swiss Accraditation Sarvico (SAS) Accreditation No.: SCS 0108
Tha Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agr nt for the gnition of caliration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) 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:

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.

« 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 r ed uncertainty of measurement is stated as the standard uncertainty of measurement
muttiplied 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 DASY3 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MiHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Tempersture Permittivity Coanductivity
Nominal Head TSL parameters 220"C 415 0,90 mho/m
Measured Hoad TSL parameters (220+£02)°C 426x6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <05°C —_— e
SAR result with Head TSL
SAR averaged over 1 cny’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.29 Wikg
SAR for nomenal Head TSL parameters nommalized 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 1.48 Wikg

SAR for nominal Head TSL parameters

nomalized to TW

5.90 W/kg = 16.5 % (k=2)

Body TSL parameters
The lollowing parameters and calculations were apphied.
Temperature Peormittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mha/m
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 measurad 250 mW input power 2.40 Wikg

SAR for 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 measurad

250 mW input power

1.58 Wikg

SAR far nominal Body TSI parameters

normalized 10 1W

6.25 Wikg % 16,5 % (k=2)

Cenificate No: DB35V2-4d165_Nov15

Page 30f 8

F-TP22-03 (Rev.00)

158 /202

HCT CO., LTD



-
h’a- FCC ID: ZNFK600 Report No: HCT-A-1607-F002-1

HCTCO,LTD

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiormed to feed paint 5210-4712
Retum Loss - 26048

Antenna Parameters with Body TSL

Impedance, transformed to feed point 478Q-8810
HAetumn Loss -227dB

General Antenna Parameters and Design

I Electrical Delay (ane diraction) l 1440 ns ]

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

The dipole is made of standard semingid coaxial cable. The centar conductor of the feading line s directly connected to the
second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipofe arms in order 1o improve matching whan loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not aliected by this change. The overall dipole length is sl
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

Manufactured by SPEAG
Manufacturad on Dacember 28. 2012
Certificate No: D835V2.4d165_Novi5s Paged ol 8
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DASYS Validation Report for Head TSL

Daste: 24.11.2015

Fest Laboratory: SPEAG, Zurich, Switzerlund

DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d165

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

Medium parameters used: = 835 MHz; 6 = 0.92 S/m; & = 42.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77, 9.77). Calibrated: 30.12.2014;
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Culibrated: 17.08.2015

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

DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 60.39 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 Wikg

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

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

-tamn

0dB = 3.03 Wikg = 4.81 dBW/kg

Cenlificate No: DB35V2-4d165_Nov15s FPaga50!B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d165

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

Medium parumeters used: =835 MHz; o = 0,99 S/m; & = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72): 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; Serial: 1001

DASY52 52.8.8(1222), SEMCAD X 14.6,10(7331)

Date: 24.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=Smm, dz=Smm
Reference Value = 61.95 V/m: Power Drift = -0.02 dB
Peak SAR (extrapolated) = 3.54 W/kg

SAR(] g) = 2.4 W/kg: SAR(10 g) = 1.58 W/kg
Maximum value of SAR (measured) = 3,17 Wikg

mn

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

Certilicate No: DB35VZ2-4a165_Nov15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Calibration Laboratory of Wy,

: _;.\‘ N . Schwolzerischer Kalibrierdienst

Schmid & Partner = S Sorvice suisse d'éalonnage
Engineering AG 2 C  sarvitio svizzers & tarsturs

Zeughausstrasse 43, 8004 Zurich, Switzeriand N S Swiss Calibration Service

otk

Accreditid by the Swiss Accredilation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

Accraditation No. SCS 0108

Certificate No: D1800V2-2d006_Jan16

ICALI BRATION CERTIFICATE
Ouject D1800V2 - SN: 2d006
Calibration procedureis) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: January 22, 20186

This calibvation centificate documents the raceabiity to national standards, which reafize the physical units of measurements (S1)
The and the . Bau with confidence probability are given on the following pages and are part of the cartificate

All callirations have been conducted in the citead lab y laclity. environment lemparature (22 + 3)°C and homidity < 70%.

Caliteation Equipmant used (MATE craical for cadbration)

This calbration centilicate shall not be reproduced except in full without wailten apprival of the Bbaratory

Primary Standars = Cal Date (Cedilicate No.) Schoduled Calibration
Powor metor EPM-342A GB37480704 07-0cs-15 (No. 217-02222) Ocat-18
Power sansor HP 84814 US37262783 07-Oct15 (Na, 217-02222) Oct-16
Power sansor HP 8481A MY41092317 07-0ct-15 (No. 217-02223) Oct-18
Hafernnce 20 dB Atterustor SN: 5058 (20 ) 01-Apr-15 (No, 217-02131) Mar-16
Typa-N mismatch combination SN 5047.2/ 06327 01-Apr-15 (No. 217-02134) Mar-18
Raterance Probe EX30V4 SN 7340 31-Dec-15 (No. EXG-7349_Dects) Dec-16
DAE4 SN 601 30-Dec-15 (No. DAE4-E01_Dec15) Deoc-16
Secondary Standarts 10 # Check Date (in house) Scheduled Check
RF gensrator &S SMT-06 100972 15-Jun15 {In house chack Jun-15) In house check Jun-18
Network Anatyzar HP 8753E US37300585 54206 1800101 (in house check Oct-15) In houss check. Oct-16
Name Funcsion Signature
Catbratad by, Mchasl Wabee Laboratory Technecean I“ ‘
.
Approved by Katje Pokovic Technical Manager

el

Issued: January 25, 2016

Cedificate No: 01800V2-24006_Jan16
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AN,

Calibration Laboratory of

y R Schweizeri Kalitrieras
Schmid & Partner e Service sulsse d'étalonnage
Engineering AG %’ o Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland {v., ,’If\\_.\‘} Swiss Callbration Service
Wb
Accrediled by the Swiss Accreditition Saraca (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o 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) IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) tor hand-held
devices used In close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) |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

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 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 transiormed from the
measurement al the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o 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 normmalized: SAR as measured, narmalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
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: D1800V2-2d006_Jan16 Page 20l 8
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Measurement Conditions
DASY system configuration, as lar as not given on page 1,
DASY Version DASY5S V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 401:6% 1.38 mho/m + 6 %
Head TSL temperature change during test <05°C e ——
SAR result with Head TSL
SAR averaged aver 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 9.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5,03 Wikg
SAR for nominai Head TSL parameters normalized to 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following paramelers and calculations were applisd.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220202)°C 537+6% 1.52 mho/m =6 %
Body TSL temperature change during test <05"C -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.57 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 38.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input powaer 5.05 Wig
SAR for nominal Body TSL pararneters notmalized to 1W 20.2 Wikg = 16.5 % (k=2)
Certilicate No: D1800V2-20006_Jan16 Page3of @
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point ae50-680
Retum Loss -221d8
Antenna Parameters with Body TSL
Impedance, transformed 1o leed point 4“4T7TN-62K12
Return Loss -21.3d8
General Antenna Parameters and Design
I Electrical Delay (one direction) | 1.208 ns ]

After jong term use with 100W madiated power, only a siight warming of the dipo® near the feedpoint can be measured

The dipole is made of standard semirigid coaxinl cable. Tha center conductor of the feading line is directly connected fo the
second arm of the dipole. The antenna Is therelore short-ciroulted 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 explained in the
*Measurament Conditions” paragraph. The SAR data are not affected by this change. The ovarall dipole length is still

according to the Standard,

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

feadpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Cartficate No: D1800V2-2d006_Jan18
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DASYS5 Validation Report for Head TSL

Date: 22.01.2016
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DIS0O0OV2 - SN: 2d006

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

Medium parameters used: = 1800 MHz; 6 = 1.39 S/m; 2 = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF{8.26, 8.26, 8.26); Calibrated: 31.12,2015;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

 DASYS52 52.8.8(1258); SEMCAD X 14.6.1((7372)

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 = 106.1 Vim: Power Dnift = 0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

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

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

-3.60
-7.20
-10.80

14,40

-18.00

0dB = 14.5 Wkg = 11.61 dBW/kg

Certificate No: D1800V2-2d006_Jan18 Page5ofB
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS0O0OV2 - SN: 2d006

Communication System: UID () - CW; Frequency; 1800 MHz

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

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

DASYS52 Configuration

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibruted: 31.12.2015;

Sensor-Surface: |.4mm (Mechanical Surface Detection)
Electronics: DAEA Sn601; Calibrated: 30,12.2015
Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

DASYS2 52.8.8(1258); SEMCAD X 14.6.10(7372)

Date: 22.01.2016

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mcasurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 102.4 V/im; Power Drift = -0.01 dB
Peak SAR (extrupolated) = 16.8 W/kg

SAR(I g) =9.57 W/kg; SAR(10 g) = 5.05 W/kg
Mauximum value of SAR (measured) = 14.4 W/kg

-3.60

-7.20

-10.80

-14.40

0 dB = 14.4 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCTCOLLTD
Calibration Laboratory of Py Schweizerischer Kalibrierdienst
Schmid & Partner S S Service suisse d'étalonnage
Engineering AG e C  servizio svizzero ol tarstirs
Zoughausstrasse 43, 8004 Zurich, Switzeriand Y ,'ﬂ_\'y’ S swiss Calibration Service
Accredited by the Swiss Accradiatian Sarvice (SAS) Accraditution No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 10 the EA

Muttilatoral Agr for the recognition of calibration certificates
cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apr16
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d061
Caliteation procedureds) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Catbration date: April 25, 2016

The s and the unc

This calibration cedificale documonts the traceshilty 1o national standards, which reafize 1ha physical Unils of Measuremants (51)

All calirations have bean conmucted n the ciceod ary Teciity:

Calibeation Equipment used (METE criscal for caibration)

with corfidence probability are given on the following pages and are par of the certificate

P (22 £ 3)°C and humidity < 70%.

Primary Standards 0 # Cal Date (Cestificals No.) Scheduted Calibration

Powse meter NAP | 5N: 104778 06-Apr-16 (No. 217-02288/02289) Apr-17

Power sensor NRF-291 | SN 103244 05-Apr-18 (No. 21702288) Apr17

Power sensoc NRP-291 SN: 103245 05-Apr-16 (No. 217-02289) AoetT

Relerence 20 dB Alenuatol SN: 5055 {20k) 05-Apr-18 (No. 21702292) Ape-17

Type-N mismatch combination SN: 50M7.2/ 06327  05-Apr-16 (No. 217.02295) Ape17

Refarmnce Probe EX30V4 SN: 7348 31-Dec-15 (No. EX3-7340_Doc1%) Dec-18

DAEA SN: 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16

Seconcary Stantands D& Check Date (n house) Scheduled Check

Power mutor EPM-342A SN: GEI7480704 O7-Oct-15 (No, 217.02222) In house check: Dct-16

Powar sencor HP 8481A SN US37292783 07-Oct-15 (No. 217.02222) In house cheok: Oct-16

Power sensor HP 8481A SN MYA1092317 07-Oct-15 (No, 217-02223) I house check: Oct-16

RF genemtor 585 SMT-08 SN 100872 15-Jun-15 {in house check Jun-15) In house check: Oct-18

Netwaork Anwtyzar HP 8753 SN US373%0585 18-001-01 (In house chack Oct-15) in house check: Oct-16
Nasna Function Sigrasture

This calibeation certificale shall not be reproduced except In full without written approvad of the lsboratory

Mchasl Waber Laboratory Technician /l%_
T SN

tssued: April 26, 2016
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Calibration Laboratory of
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Schmid & Partner Service suisse détalonnage

Engineering AG Servizio svizzero di taratura
Zeughosusstrasse 43, 8004 Zurich, Switzertand Swisa Cafibration Service
Accredited by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agr 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

¢) |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 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 al 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 resuit.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz = 1 MMz
Head TSL parameters
The following paramaters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 40W0+6% 1.37 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 9.53 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.01 Wikg
SAR for nominal Head TSL parameters nommalized o 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL paramoters (220202)°C 529+6% 148 mho/m =8 %
Body TSL temperature change during test <05°C - eee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.82 Whg
SAR for nominal Body TSL paramatars normalized o 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 520 Whg
SAR for nominal Body TSL parameters normalized to TW 20.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 58250Q+77iQ
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+85jQ
Retumn Loss -210dB

General Antenna Parameters and Design

| Electrical Delay (one direction) [ 1192 ns |

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

The dipode is made of standard semirigid coaxial cable. The center conductor of the feading line is directly connecied 1o the
second arm of the dipole. The antenna is therefore shon-circulted for DC-signals. On some of the dipoles, small end caps
aro added to the dipole arms in order 1o improve matching when lnaded according to the position as explained in the
"Measurament Conditions® paragraph. The SAR data are not affectad by this change, The ovarall dipole length is still
according 10 the Standard,

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 10, 2004
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DASYS Validation Report for Head TSL

Date: 25.04.2016
I'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: = 1900 MHz: o = 1.37 S/m: g, = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12.2015;
e Sensor-Surface: | 4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

o DASYS252.88(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 107 .4 Vim, Power Drift =0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

SAR(1 g) = 9.53 W/kg: SAR(10 g) = 5.01 W/kg

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

dB
0

-3.80
-1.60
-11.40

-15.20

-19.00

0dB = 14.5 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: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: { = 1900 MHz; & = 1.49 S/m; & = 52.9; p = 1000 kg/m*
Phantom section: Flat Section

Meusurement Standurd: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2015;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.12,2015
o Phuntom: Flat Phantom 5.0 (back); Type: QDDOOPSOAA; Serial: 1002

« DASYS52352.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.3 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 9.82 W/kg: SAR(10 g) = 5.2 W/kg

Maximum value of SAR (measured) = 14,9 W/kg

dB
0
-3.80
-7.60
-11.40
-15.20
-19.00

0dB =149 Wikg= 1173 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of L S Schweizenischer Kaiibrierdienst
Schmid & Partner % Service suissa d'étalonnage
Engineering AG G C servisio avizzero di taraturs

Zoughausstrasse 43, 8004 Zurich, Switzertand % ,ﬁ W S Swiss Cafibration Service
Acceodited by the Swiss Accreditaton Sendee (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Secvice is one of the signatories to the EA

Muttilateral Agresment for the recognition of callbration certificates

cient  HCT (Dymstec) Cartificats No: D2450V2-965_Apr16
CALIBRATION CERTIFICATE

Obyject D2450V2 - SN: 9685

Cakbration procedureis) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Caltwatan date April 19,2016

This calibrmtion certs doouments the b ity 30 national standards, which roakze the physicil units of measuraments {SI1),
The messuremonts and 1he uncenainties with confidence probabiity are given an the following papes and are par of the carmilicate

Al calitvations have baen conducied in the dosod lab y tacility: arve 1EmMperature (22 = 30°C ang humidity < 70%

Caltiration Equipment used (MSTE critcal for caiibvation)

Primary Standards D& Cal Dats (Ceortificats No. | Scheduled Calbraton
Pawer meler NRP SN; 104778 06-Ape-16 (No. 217-022B8/02206) Apr-17

Power sarsor NRP-281 SN 103244 06-Ape-16 (No. 217 -02268) Apr?

Powar sensor NRP-Z21 | SN 103245 0G-Ape-16 (No, 217-02269) Apr7

Flstarance 20 dB Attenuator BN: 5058 (20x) 05-Apr-16 (No. 217-02282) Apra?

Type-N migmasch combination SN: 5047.2 £ 06327 D5-Apr-16 (No. 217-02265) Apr7

Aelweancy Proba EX30V4 SN 7349 31-Dec-15 (No. EX3.7349_Dec15) Dec-18

DAE4 SN 60 30-Dec-15 (No. DAE4-601_Decif) Dec16

Secondary Standards D # Check Date (in house) Scheouled Chack
Powar mater EPM-442A SN: GR3T480704 07-0c-15 (No. 217-02222) In housa check: Ot 18
Power sansor HP 8431A SN. US37292783 07-0ct-15 (No. 217-02222) In housa check: Oct-16
Powar sansor HP 84814 SN: MY41092317 07015 (Na. 21702223) In howse check: Oct16
AF generator RAS SMT-00 SN: 100072 15-Jun-15 (in houseo chock Jun-15) In housa check: Oct- 18
Network Anatyzar HP §753E SN US37390565 18-Oc101 (n house check Oct-15) In howse check: Oct-16

Name Function

Sgnature
Casbratad by: Michaal Webet Laboratory Technician I‘/“,
Approved by: Kala Fokovie Technical Manager /6/%%,«

1ssued; April 20, 2018

This calitration cenilicate ahall not be reproduced except in full without written appeoval of the lnbaratory,

Cortificate No: D2450V2-965_Apr18 Page 1018
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Zoughausstrasse 43, 8004 Zurich, Switzertand % ,}@\@ S Swiss Calibration Service

Actreditad by tha Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108

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

Multitateral Ag: i for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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:

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

« Feed 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 unceriainty 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-1607-F002-1

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
Frequency 2450 MHz & ' MHz
Head TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Head TSL parametlers 220°C 3w2 1.80 mho/m
Measured Head TSL parameters (220:02)°C 400=26% 1.83mho/m =6 %
Head TSL temperature change during test <058°'C - e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 127 Wikg

SAR for nominat Head TSL parametars

normalized 10 1W

50.6 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW Input power

5.89 Wiy

SAR for nominal Head TSL parameters

normalized 1o 1W

23.5 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramaeters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (220+02)°C 527=26% 188 mho/m £ 6%
Body TSL temperature change during test <05"C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 124 Wikg
SAR for nominal Body TSL parameters normalized to 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAH measured 250 mW input powar 5.78 Whg
SAR for nominal Body TSL parameters normalized to 1W 23.0 Wikg = 16.5 % (k=2)

Cerificate No: D2450V2-965_Aprié
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5460 +38jQ
Aeturn Loss -2484d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 510Q+59)Q
Retumn Loss -245dB

General Antenna Parameters and Design

[Elocincal Delay (one direction) l 1.162 ns I

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 of standard semirigld coaxial cable. The center conductor of the feeding line is directly connectad 1o the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On same of the dipoles, small end caps
are added 1o the dipole arms in order 10 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 langth is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might band or the soidered connections near the
feedpoint may be damaged

Additional EUT Data

Manutactuced by SPEAG
Manulactured on November 19, 2014
Cortificate No: D2450V2-865_Apr18 Page & of B
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DASYS5 Validation Report for Head TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 « SN: 965

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

Medium parameters used: = 2450 MHz; o = 1.83 S/m; =40, p= 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76); Calibrated: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated; 30.12.2015
« Phantom; Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 100)

o DASYS252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 112.4 V/im; Power Dnft = 0.02 dB

Peak SAR (extrapolated) = 25,6 W/kg

SAR(1 g) = 12.7 W/kg: SAR(10 g) = 5.89 W/kg

Maximum value of SAR (measured) = 20.7 Wikg

d8
0

5.00
-10.00
-15.00

-20.00

-25.00

0dB =207 Wikg=13.16 IBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 19.04.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963
Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: = 2450 MHz; a = 1,98 S/m; g = 52.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configuration:

o Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated: 31.12.2015;

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

« Electronics: DAE4 Sn601; Calibruted: 30,12.2015

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

« DASYS2 52,8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 104.7 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR(1 g) = 12.4 W/kg: SAR(10 g) = 5.78 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

dB
0

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =20.0 W/kg = 13.01 dBW/kg

Cartificate No: D2450V2-965_Apri6 Pago7ol8

F-TP22-03 (Rev.00) 186 /202 HCT CO., LTD



Report No: HCT-A-1607-F002-1

-~
‘—"C'- FCC ID: ZNFK600

HCTCO,LTD

Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1607-F002-1

Calibration Laboratory of

Schmid & Partner
Engineering AG
Zoughousatrasse

43, BODM Zurich, Switzertand

Accredited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
mmwmmmowumd%m.

ciient  HCT (Dymstec)

PN
TR

Certificate No: DSGHzV2-1107_Jan16

S Schwelzerischer Kalibrierdienst
c Service suisso d'étalonnage
S

Servizio svizzero di taratura
Swias Calibration Service

Accreditation No.: SCS 0108

January 29, 2016

Calibeation Equipment used (MATE critical for casibration)

CALIBRATION CERTIFICATE
Otyect D5GHzV2 - SN: 1107
Caltration proceure(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Calibration date

This caldvration certificate documents the traceabity 10 national standards, which realize the physical urets of measurements (S1)
The measurements maIMumanmlmmeuuwMymwmmmhhmmwwunmmm

Mummnawhmwnmdmmecmummqlum:mwmmmlmnmxJ)'CandrumiMy<70'5,

_This caltration cortificate shail nat be repeeduced except in full without wiitton approval of the At

Primary Stsndards 08 Cal Date (Conificate No ) Schagued Calitbeation

Power metar EPM-2424 GB37480704 07-0c¢t-15 (No. 217.02022) Oct-18

Power sensor HF BABTA UsSaraae2ve3 07-0ct-15 (No. 217-02222) Oct 16

Power songor HP B4E1A MYa1092317 07-0ct-15 (No, 21702223) Oct-16

Refarance 20 48 Attenuator SN: 5088 (20k) D1-Apr-15 (Na. 217.02131) Mar-16

Type-N mismaich combination SN: 5047.2 / 06327 O1-Ape-15 (No, 217-02134) Mar-16

Raferonce Probe EXSDVE SN 3503 31-Dec-15 (No. EX3-3503 Dects) Dec-16

DAE4 SN 601 30-Ouc-15 (No. DAE4-801_Dect5) Dec-16

Secondary Stendards 1o ¥ Check Data {in house) Scheduled Check

AF generaor AAS SMT-08 100972 15-Jun-15 (in house check Jun-15) In house check: Jun-18

Network Anadyzer P B753E US37M0685 S4206 18-0ct-01 {in housa check Oct-15) n houne check: Oct18
Name Function e

Calibentod by Michaal Waber Laboralory Technician ?“ ‘
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Calibration Laboratory of S, G Schweizerischer Kafibrierdienst
Schmid & Partner S Service suisse d'étalonnage

Engineering AG e C  servisio svizaws & tacsturs
Zoughsusstrasse 43, 8004 Zurich, Switzerland z""ﬁ\“\? S Swiss Calibration Service
ol
Accrediied by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accroditation Service in one of the signatories to the EA
Multitateral Agreement for the recognition of calibeation 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 Technigues”, June 2013

b) 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

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
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.

* FElectrical Delay: One-way delay batween 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%.

Certficate No: DSGHzV2-1107_Jan16 Page2ol 13
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Measurement Conditions
DASY system configusation, as far as not given on page 1

DASY Version DASYS V5288

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy =4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz

Frequency 5600 MHz + 1 MHz
5750 MMz = 1 MH2z

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 358 471 mho/m
Measured Head TSL parameters (220+02)°C 352:6% 4.55 mho/m = 8 %
Head TSL temperature change during lest <05°C -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.82 Whg
SAR for nominal Head TSL parameters normmalized to 1W 77.8 Wikg = 19,9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 224 Whg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220+02)°C 34726% 4.90 mho/m + 6 %
Head TSL temperature change during test <05°C s e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input powar 8.10 Wikg
SAR for nominal Head TSL parameters normalized to 1W B0.5 W/ kg = 10.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 100 mW input powar 2.33 Wikg

SAH for nominal Head TSL parameters

normalized 1o 1W

23.1 W/kg £ 19.5 % (k=2)

Head TSL parameters at 5750 MHz

Tha following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (220:02)°C 3452+6% 5.05 mho/m £ 8 %
Hoad TSL temperature change during test <05"C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 773 Whg
SAR for norninal Head TSL parameters normalized 1o 1W 76.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 221 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 21.9 W/kg = 19.5 % (k=2)
Cortificate No: DSGHzV2-1107_Jan1é Page d ol 13
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Body TSL parameters at 5250 MHz

The following parametsrs and calculations were applied

Temperature Peormittivity Conductivity

Nominal Body TSL parameters 220°C 489 5.36 mho/m

Measured Body TSL parameters (220+02)°C 47026% 544 mho/m + 6 %

Body TSL tempersture change during test <05°C ——e —
SAR result with Body TSL at 5250 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Candition

SAR measured 100 mW input power 7.46 Wikg

SAR for nominal Body TSL parameters normalized to tW 74.0 Wikg = 19.8 % (k=2)

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

SAR measured 100 mW input power 211 Wiy

SAR for nominal Body TSL parameters normalized o 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations wers applied.
Temperature Permittivity Conductivity

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

Measured Body TSL parameters (220202)°C 46426% 591t mha/m+ 68 %

Body TSL temperature change during test <05°C S e
SAR result with Body TSL at 5600 MHz

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

SAR measurad 100 mW input power 7.95 Whkg

SAR for nominal Body TSL parameters narmalized 1o 1W 78.9 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.24 Wikg

SAR for nominai Body TSL parameters nomalized 10 1W 222 Wikg = 18.5 % (k=2)

Cartificate No: D5GHzV2-1107 _Jan16

Page 50t 13

F-TP22-03 (Rev.00)

192 /202

HCT CO., LTD



ICT

HCTCO,LTD

FCC ID: ZNFK600

Report No: HCT-A-1607-F002-1

Body TSL parameters at 5750 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 483 5.94 mho/m
Measured Body TSL parameters (220+02)°C 46.1:6% 6.12 mho/m £ 6 %
Body TSL temperature change during test <05°C e —

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input powar 7.55 Wikg
SAR for nominal Bady TSL parametsrs normafized to 1W 74.9 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 212 Whg

SAR for nominal Body TSL parameters

normalized to tW

21.0 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 552Q-732

Return Loss -215d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5590-02Q

Retum Loss -2514d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 1o feed point 5880+07iQ

Retumn Loss -238d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to leed point 4850Q-73Q

Retum Loss -224d8
Antenna Parameters with Body TSL at 5600 MHz

Impadance, transformed 10 faed point §530-39)0

Retum Loss -241d8B
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed poim 5520-440

Retumn Loss -238dB
General Antenna Parameters and Design

l Electrical Delay (one diraction) [ 1.196 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 of standard semirigid coaxial cable. The center canductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shont-circuited for DC-signals. On some of the dipoles. small end caps
are ndded 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 affocted by this change. The overall dipole length is still

according lo the Standard.

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

feedpoint may be damaged.
Additional EUT Data

Manutfactured by SPEAG
Manufactured on March 11, 2011
Certificate No: DSGHzV2-1107_Jan1é Page 7 of 13
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DASYS5 Validation Report for Head TSL

Date: 28.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; o = 4.55 S/m; & = 35.2: p= 1000 kg/m' , Medium parameters
used: f=5600 MHz: o = 4.9 S/m; &= 34.7; p = 1000 kg/m’ , Medium parameters used: f= 5750 MHz; o =
5.05 S/m; £ = 34.5: p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.53, 5.53, 5.53); Calibrated: 31.12.2015, ConvF(4.99, 4.99.
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4,95, 4.95); Calibrated: 31.12.2015:

* Scnsor-Surface: | 4mm (Mechanical Surfuce Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
* DASYS52 52.8.8(1258). SEMCAD X 14.6.1(§7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.04 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.7 Wikg

SAR(T g) = 7.82 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value =71.71 V/m; Power Drift = 0.08 dB

Peak SAR (extrapolated) = 31.8 W/kg

SAR(T g) = 8.1 W/kg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 194 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 69.35 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 31.7 W/kg

SAR(1 g)=7.73 W/kg: SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.0 Wikg

Cartificate No: D5GH2zV2-1107_Jan16 PageBot 13
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz: Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; 6 = 5.44 S/m; &, = 47; p = 1000 kg/m' , Medium parameters used:
= 5600 MHZz; o = 591 S/m; &= 46.4; p = 1000 kg/m" , Medium parumeters used: f = 5750 MHz: o = 6,12
Sim; & =46.1; p= 1000 kg/m’

Phantom section; Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 31.12.2015, ConvF(4.35, 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31,12.2015;

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

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
» DASYS52 52.8.8(1258); SEMCAD X 14.6.1((7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.57 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 27.9 Wrkg

SAR(1 g) =7.46 W/kg: SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.0 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.15 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) = 7.95 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.8 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.88 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.2 W/kg

SAR(1 g) = 7.55 W/kg: SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.1 W/kg

Centificate No: DSGHzV2-1107_Janm16 Page 11 0of 13
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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) 2 450 - 2 700 5200 - 5 800
Tissue Type Head | Body | Head Body Head Body Head Body Head Body
Water 41.1 51.7 | 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.4 0.9 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 47.2 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.2 0.1 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 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol
hexyl ether ) . .
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) 201 /202 HCT CO., LTD
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Attachment 6.— SAR SYSTEM VALIDATION

Per FCC KCB 865664 DO02v01r02, 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.

Dielectric Parameters CW Validation Modulation Validation
Probe RIS : - 1 1 1 1 |
Type Ca:;t:)riittlon Dipole Date Measured = Measured Sensitivity 'Prob'e.J Probe MOD. | Duty PAR
Permittivity Conductivity Linearitylsotropy Type |Factor

1 3863 |EX3DV4 | Head | 750 | 1014 |2015.09.14 41.8 0.92 PASS PASS | PASS | N/A | N/A | N/A
1 3863 |EX3DV4| Body | 750 | 1014 |2015.09.15 55.2 0.96 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 | 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 | N/A | N/A
1 3863 |EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS | N/A | N/A | N/A
1 3863 |EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS PASS | PASS | N/A | N/A | N/A
1 3863 |EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS | N/A | N/A | N/A
1 3863 |EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS | N/A | N/A | N/A
1 3863 |EX3DV4 | Head [2450| 965 |2016.05.02 39.1 1.78 PASS PASS | PASS [OFDM| N/A |PASS
3 3797 [EX3DV4 | Body [2450| 965 |2016.05.03 52.4 1.96 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Head |5250( 1107 |2016.02.10 36.2 4.77 PASS PASS | PASS |OFDM| N/A |PASS
1 3863 [EX3DV4 | Body (5250| 1107 | 2016.02.11 48.3 54 PASS PASS | PASS [OFDM| N/A |PASS
3 3797 |EX3DV4 | Head [5600| 1107 |2016.02.10 35.7 5.02 PASS PASS | PASS [OFDM| N/A |PASS
1 3863 [EX3DV4 | Body (5600 1107 | 2016.02.11 47.9 5.83 PASS PASS | PASS [OFDM| N/A |PASS
3 3797 |EX3DV4 | Head [5750| 1107 |2016.02.10 35.1 5.18 PASS PASS | PASS [OFDM| N/A |PASS
1 3863 |EX3DV4 | Body (5750 1107 | 2016.02.11 48.1 5.99 PASS PASS | PASS [OFDM| N/A |PASS

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
DO01v01r04.
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