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HCTCO,LTD

Calibration Laboratory of

ll’
Schwelzerischer Kalibriordionst
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Engineering AG Servizio svizzero di taratura
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Accredited by the Swiss Accroditaton Service [BAS) Accreditation No.: SCS 0108
The Swiss Accroditation Service is one of the signatories to the EA

Multilateral Agreemant for the recognition of calibration certificates

This calibraton certificate documents the traceability o national standards, which realze the ghysca unds of measurements {S2).
The measutssnents and the uncerainties with confidence probatiity are given on the following pages and are part of the cerdcate.

Al calibrations have been conducted i1 he closad laboratory facity. sendranment Semparature (22 = 3)°C and hamidity < 70%

Calitration Equipment wsed (MATE critical for catbeabion)

Standards ) Cat Date (Cartificam No ) Schoduled Caltxaton
Fower motor E44108 GB41263374 01-Ape-19 (Ko, 297.02128) Mar-18
Power sarsor E4412A MY 41498087 01-Apr16 (No. 217-02128) Mar-18
Roter IaB A SN S5054 {3¢) 01-Ape-15 (No. 217-02129) Mae-18
Raf 20 4B Asenuator BN SS277 (X0x) O1-Apr-18 [No. 217.02132) Mae-18
Rofer 30 o8 An SN S5129 {30b) 01-Apr-15 (No. 217-02133) Mae-18
R Probe ESI0OV2 SN 3013 30-Dec-14 (Na. ES3-3013 Dectd) Dec-15
DAE4 SN. 660 14-Jan-15 (NoDAE4-600_Jen 15) Jon-18
Secondary Standards iD Check Date {in house) Schwiuied Chack
_RF genecator HP RSB0 US3642001700 4-Aug-98 fin house check Apr-13) n house check: Apr-18
Network Anatyzer HF* 8753 US37380585 18001 (in houss check Ocl-14) In house check: Oct- 15
Function
Caliorated by aboratony
Approved by
This caltration cenficase shall not be
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

Calibration Laboratory of S, T
Schmid & Partner %\\:—‘// ; . g Service suisse d'étalonnage

Engineering AG =3 Servizio swizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland R S uiss Catibration Sarvice
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Acorodited by ihe Swiss Accredtation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibeation certificates

Glossary:

TSL tissue simulating bquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y 2

pcP diode compression point

CF crest factor (Vduty_cycie) of the RF signal

ABCD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization % 4 rotation around an axis that is in the plane normal 1o peobe axis (at measurement center),
.2, B =0 s normal to probe axis

Connector Angle Information used in DASY system 1o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB 855664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMx,y.z Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguide)
NORMz.y.z are only intarmediate values, i.e., the uncenainties of NORMx.y.z does not affect the E”-fieid
unceriainty inside TSL (see below ConvF).

«  NORM(Nxy.z = NORMzx,y.z * frequency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response i included
in the stated uncertainty of ComvF.

o DCPxy2 DCP are numerical linearization paramelers assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depoend on frequency nor media.

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

e  Axyz Bryz Cxyz Dxyz VRxyz A B, C. D are numerical lingarization 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 expressad 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 anatytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameaters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe aocuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMzx,y,z * ConvF wheraby the uncertainty cormesponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which aiows extending the validity from £ 50 MHz to £ 100
MHz.

o Spherical isotropy (30 deviation from isotropy): in & field of low gradients realized using a flat phantom
exposed by a patch antanna,

« Sensor Offset. The sensor offset corresponds to the offset of virtual measurament canter from the probe tp
(on probe axis), No tolerance required.

« Commector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Cortificate No: EX3-3863_Aug15 Page 20l 11
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HCTCO,LTD

FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

EX30V4- SN3863

August 27 2015

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

Basic Calibration Parameters

Sensor X Sansor Y | Sansor Z Unc (k=2)
Norm (uV/AVIim)']" 0.37 0.35 | 0.45 101 %
DCP (mv)" 1019 103.9 | a8 9
Modulation Calibration Parameters
Communication System Name A B8 c 0 VR Une®
4B | dBVuV 48 mv (k=2)
0 oW X 0.0 0.0 1.0 000 | 1318 | 27%
Y 0.0 0.0 1.0 1289 |
3 0.0 0.0 10 126.4

The re

rted uncertainty of measurement is stated as the standard uncertainty of measurement

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

* The uncentainties of Norm X.Y.Z do not affect the E™-finkl unceraety inside TSL (ses Pagen 5 and €)

2  Nrnerical inearization parameter. uncertainty not required.
" Uncenmuitity is detetminnd using the max. d

feid vatue

from lnoar

Y
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LLTD

EX30V4- SN:3863 Augusl 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ” Unc

f(MHZ)® | Permittivity” | (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1189 11.89 11.89 | 000 1.00 | £133%
450 435 0.87 10.31 10.31 10.31 0.17 130 | £133%
750 419 0.88 9.83 9.83 9.83 0.24 121 | £120%
835 415 0.90 946 9.46 9.46 0.21 130 | £120%
800 415 0.97 9.28 9.28 9.28 0.26 111 | £120%
1450 405 1.20 8.31 8.31 8.31 0.15 181 | £120%
1750 40.1 1.37 8.18 8.18 8.18 036 | 080 | £120%
1900 40.0 1.40 7.84 7.84 7.84 0.21 1.07 | £120%
1950 | 400 1.40 7.60 7.60 7.60 0.31 080 | £120%
2450 392 1.80 7.04 7.04 7.04 0.27 068 | £120%
2600 39.0 1.96 6.84 6.84 6.84 0.27 104 | £120%
3500 arg 29 6.77 6.77 6.77 0.38 106 | =131%
5250 359 4.7 4.94 4.94 4.94 0.35 180 | £131%
5600 355 5.07 4.44 4.44 asa | 0.45 180 | £131%
5750 354 522 4.65 4.65 4.85 0.45 180 | =131%

'mm--:ynuay.bon:oomuavnooumomnwmmwvuammnu(snmz)mn-mnzsomm
uncananty i the RSS of the Conv uncenainty st calty y and the y for y banvl. Frequency valaty
betow 300 Mz is £ 10, 25, WSO“’OM’UWHIW!I” 54, 128 150mmwnoooum Abmbamhmncy
Mwumwm:nom

" Al frequences below 3 GHZ, the valiity of tissus paramoters {c and o) can be telared (o = 10% If lgua $ A o
measured SAR values. Al Yequencies above 3 GHz, mmwdmmum«;ummnzax mmnyn"bRSSd
mw#mmmmmwm

% Alpha/Dapth nre dotermined dunng calibration. SPEAG warrants that the remaning devieson due 10 1he boundary effect after compensation is
always isss than + 1% for frequences bolow 3 GHz and below ¢ 2% for frequencies between 3-6 GHz i ary datance arger than haif the probe op
dearneder kom the boundary
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EX3DV4.-- SN:3863 August 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | | Conducivity Dopth® | Une

1(MHz)® | Permittivity" (8im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 619 0.80 1168 | 1188 | 1168 | 000 | 100 | s133%
450 56.7 094 1067 | 1067 | w067 | 010 | 120 | 2133%
750 555 0.96 976 | 976 | 976 | 025 | 116 | £120%
835 55.2 0.97 940 | 940 | 040 | 023 | 184 | £120%
1750 53.4 148 7273 | 773 | 773 | 024 | 101 | £120%
1900 533 152 748 | 748 | 748 | 030 | 080 | #120%
2450 527 1.95 711 | 711 | 711 | 031 | o080 | s120%
2600 5255 2.16 697 | 697 | 697 | 033 | oso | s120%
5250 489 536 444 | 444 | 444 | 040 | 190 | s131%
5600 a8s 577 a7z | a1 | 3r | 0so | 190 | s131%
5750 83 5.94 408 | 408 | 408 | os0 | 190 | s131%

~meyvmmmwuonmomczwy-mrmmsnumm(mma .uummmzsoum The
uncertainty is the RSS of the Comd uncertainty st Y and the o s y band. Frequency valdiy
balow 300 MMz is £ 10, 25, 40, 50 and 70 MHz for CanvF asseswments at 30, 64, 128, mwmww Abave 5§ Giz frequency
Mmhwn-!ww{z

" Al imquencies Delow 3 Gz, the vaidity of tissue parametem (¢ and 1) can be tetaced 10 4 10% If iquid comp § =
mensurot SAR values, Al froquoncies above 3 GHz, the validity of Sssue parameters (v and o) i tesiricted 1o £ 5% muuwnyamoRSSd
mwmmhmwnm--mm

“ Alpha/Depih ane detarmined during calitiraton. SPEAG warrants thal the remaning devieion due 10 the y effect after
alwarys less than ¢ mmmmmmmmm'uwwmuac-mmuwwummu
dlametar from the boundary
Certificate No: EX3-3863_Aug15 PageGol 11
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HCT COLLTD
EX30VA. SN:3BGI August 27, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Certificate No: EX3-3863_Aug15 Page 7Tof 11
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HCT FCC ID: ZNFK240F

HCTCO,LTD

Report No: HCT-A-1605-F008-1

EX30V4- SN 3863

Receiving Pattern (¢), 9 = 0°

August 27, 2015
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Uncertainty of Axial Isotropy Assessment: % 0.5% (k=2)
Centificate No: E ;1 SB63_Aug1s Page 8of 11
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HCT FCC ID: ZNFK240F

HCTCO,LTD

Report No: HCT-A-1605-F008-1

EX3DV4- SN:3863 August 27, 2015

Dynamic Range f(SAR}caq)
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Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
Certfficate No: EX3-3863_Aug1s Page Gof 11
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FCC ID: ZNFK240F

HCTCO,LTD

Report No: HCT-A-1605-F008-1

EX3DV4- SNI3863

August 27, 2018

Conversion Factor Assessment

= B35 MHz. WGLS RS (H_convF)

= 1900 MHz WGLS R22 (H_comF)

s 2.
-

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

-0 -08 -08

04 D2 00 02 04 06 08 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Centificate No: EX3-3863_Aug15
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ha- FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCOLLTD

EX30V4- SN.3863 August 27, 2015

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 disabled

| Probe Overall Length 337 mm
Probe Body Diameter i 0 mm

“Tip Length | amm |
Tip Diameter 25mm
Probe Tip 1o Sensor X Calibration Point Tmm
Probe T 1o Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm |
Recammended Measurement Distance from Surface — 1.4 mm

Certificate No: EX3-3863_Aug15 Page 11 0f 11
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The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Thia calibration centificate documents tha raceatsiity 1o national standards, whic realize the iy wnas of (S5
The messuremens and the uncertaintes with confidence probatidty ame given on the following pages and are part of the cerdcate

Al calitrutions have been conductad In the dosed y tacity - (22 = 3)"C and hurnidity < TO%

Calibration Equipment used (METE cracal for calibration)

Primnairy Standards L&) Cai Date {Cartifcate No.) Scheduled Caltation
Powsr meler E44166 0841293874 01-Ape-16 (No. 217-021281 Mar-18
Power sensor E44 12A MY41498087 01.Ape-18 (No. 217-02128) Mar-16
Relerence 3 08 Allenuator BN. 55054 {3c) 01-Ape-15 (No. 217-02129} Mar-16
Frlwearce 20 0B Aangartor SN: 562771 (20w) 01-Ape15 (No. 217-02132) Mur-16
Reference 30 ¢B Atenuetdor | SN: S5129 {30b) 01-Ape-15 (No. 217-02135) Mare-16
Refwenon Probe ESIOVE 5N X113 31:00c-1% (No. ES3.301)_Dec!5) Dec- 16
DAEA SN: 000 23-Onc-15 (No. DAEA-660_Dec15} Deac-16
Standards i Check Dats {in house) Scheduied Check
|_RF genutatce HP 85480 USIBAPU01T00 &-Aug-24 (n howse check Ape-13) In nouse chack: Apr-16
Network Anatyzer HP 8753 US3TI50588 18-Cet01 (in house chack Oct-15) In house chack: Oct-10
Narns Funchion
Apgorved by
This calibration ceefificat shal not be reproduced wecapt n full without wetian appeoval of the abotaory
Cartificate No: ET3-1609_Mar18 Page 10f 11
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT COLLTD
Calibration Laboratory of L, S  Schweizsriachar Kallbrierdienst
Schmid & Partner e C  Service suisse détalonnage
Engineering AG T s Servipo svizzero di taratura
Zeughausstrasse £3, 8004 Zurich, Switzedand ‘g@ Swiss Calibration Service
Acciedilad by Ihe Swiss Acoreditition Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service |s one of the signatories 1o the EA
Mubtilateral Agr for the recognition of cenificases
Glossary:
TSL tissue simulating liquid
NORMXx.y.z sansitivity in free space
ConvF sensitivity In TSL / NORMx.y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parametors
Polarization o p rotation around probe axis
Polarization 5 # rotation around an axis that is in the plane normal 1o probe awis {8l measurement center),
e, & =0is normal to probe axis
Connector Angie information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8)

b)
°)

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 622021, "Procedure to measure the Specific Absorption Rate (SAR) far hand-heid davices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHzj", February 2005

IEC 62204-2, "Procedure to determine the Specific Absarption Rate (SAR) for wireless communicabion devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GH2"

Methods Applied and Interpretation of Parameters:

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

NORM(Nx.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 uncertainty of CanvF.

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

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

Axy.z: By.z, Cx.y.z; Dxy,z. VRxy.z: A B, C, D are numerical linearization paramelers assessed based on
the data of power sweep for specific modutation signal, The parameters do not depend on frequency nor
media. VR Is the maximum calibration ranga expressed in RMS volfage across the diode

ConvF and Boundary Effect Parameters: Assessad in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
maasurements 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
usedeASYdsolMamtoknproveprobowwncycloselomebwday The senasitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the uncertainty corresponds 1o that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to = 100
MHz.

Spherical isotropy (3D deviation from isotropy): In a field of low gradients realized using a flat phantom
axposed by & patch antenna.

Sensor Offset: The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No talerance required.

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

Certificate No: ET3-1600_Mar16 Page 2of 11
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

ETIOVE- SN:1609 March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Une (k=2)
Norm (uVAV/m) )" 2.00 1.81 | 1.82 $101%
DCP (mV)" 102.0 100.5 | 101.5

Modulation Calibration Parameters

uiD | Communication System Name A ) c D VR Une'
| - | o8 leBVpv| | 98 | mV | (2)
L | W X | 00 0.0 10 | 000 | 2680 | £33%
| Y 0.0 0.0 1.0 2669
| 2| o0 0.0 1.0 2592

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

 The uncaramtios of Norm X Y. Z do nut atfect the E-feid uncertainty inside TSL {see Pages § and §)
" Numanca lineanzation parameter urcestanty not reguied

' Uncertainty is dotermined Lsing e max. feom Anear reap phying uilne dutribution and s expressad Ky e souss of the
feid value
Cartificate No: ET3-1609_Mart6 Page 4 of 11
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

ETIDVS- SN:1609 March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © PM' S {8im) " ConvFX | ConvFY | ConvFZ | Alpha® mﬁ ('i.m-;)
750 410 0.89 6.81 6.81 681 | 042 | 232 | s120%
835 415 0.90 648 | 648 | 648 | 045 | 222 | s120%
800 415 087 6.33 633 | 533 | 034 | 281 | +120%
1450 405 1.20 5.61 s6t | se1 | 0s3 | 234 | s120%
1750 401 1.37 540 | 540 | sa0 | oes | 225 | s120%
1800 40.0 140 520 | 520 | 520 | ore | 205 | s120%
1950 40.0 1.40 504 | 504 | 504 | 080 | 216 | +120% |
2300 395 1.67 488 | 488 | 488 | 080 | 194 | +120% |

“ Frequency validty sbove 300 MHZ of £ 100 MHz ordy applhes for DASY vé 4 and higher (sos Page 2), sise & is rustricted 10 4 50 Mz The
uncerinty i the RSS of the Com uncentainty a2 casbration frequency and the uncertamty for the ndicated frequency band. Frequency vahidity

dalow 300 MHz is + 10, 25, 40 50 and 70 MHz for ConvF assessments at 30, 64 128, 150 and 220 MHz respectively, Above § GHz frequency
umununnmm,naum

" Al Fequercies balow 3 GHz. tha vaddily of tson paramulens (x and o) can be relsed 1o & 10% If tiquid persation fo
measured SAR values. Al frequencies above 3 GHz, the validity of issue paramederns (c and o) i restrcted o £ 5% muwwnmnssa
mCuwfuvmmhvrdwedhmtmwmmm

“ Alpha/Denth are determined duning caltration. SPEAG waarants that e remalning deviation dus 1o the boundary efloct after
mummoﬁbuwommmwwomnranwwmumzummumxmunmw
diamater from the boundary

Cartificate No: ET3-1609_Mar16 Fage S5of 11
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ETI0VE- SN:1609 March 18, 2018

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

. Relative | Conductivity ‘ o | Dopth® Unc
f (MHz) Permittivity {Sim) ConvEX | ConvEY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 6.25 6.25 6.25 0.31 2.75 £12.0%
835 55.2 0.97 6.16 6.16 ! 6.16 0.32 2.73 $120% |
1750 53.4 1.49 4,86 486 | 486 0.80 245 $120%
1800 533 1.52 468 468 | 468 0.80 231 £120%

“ Froguency validity above 300 Mz of 3 100 MKz anly apphes far DASY w2 aed higher (see Page 2). olse | & restricted to + 50 MHz The
uncetanty is the RSS of the Canvi® uncertainty ot calibralicn frequency and the uncertginty for the indicated frequency band. Frequency validity
Detow 300 MMz 18 = 10, 25, 40, 50 and TO MH2 for ConvF assedaments of 30, 64, 128, 150 und 220 MHZ respectively. Abave 5 GH2 frequency
vakdiy can be extended 10 £ 110 Mz

' At frequencies below ) GHz, the valcity of tissue parameters (c and o) can be retaed 1o 2 10% If liguitt compensation fomuly is appled 10
measured SAR values. Al frequoncies above 3 Gz, the validity of tssue parameters (x and «) is restncted %0 ¢ 5% The uncertainty is the RSS of
the CanvF uncertanty for indicaled target tnoue parameters

“ AlphaDiapth are determined during cafibration. SPEAG warrants that the remaning deviason due 10 the boundary effect slier compensation is
nways less than ¢ 1% for lrequences below 3 GiHz ond below 1 2% for frequencies batwaen 3-8 GHz ot any detance larger (han had the probe bp
dametar from (he boundary
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FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

ETIDVE- SN.1602

requency response (normakzed)

=

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

500 1000

e

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

Certificate No: ET3-1609_Mar16

March 18, 2016
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f [MHz]
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

ET3DVE~ SN: 1609 March 182016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
&o\ L
Ew{u;oo-._gg&;.v—"!'!.-t-a:i.—-l'—l!’l.ar."t‘;r

|

ROA [

c——
gL 2Tk

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

ETIDVE- SN:1808

Input Sgnal (W]

10° |

Error [dB]

Certificale No: ET3-1608_Mar16

Dynamic Range f(SAR}¢ad)
(TEM cell , fy0= 1900 MH2z)

10 1o 10 10 10

SAR [mWiem3]
* e
not compensated compensated

10-* 100 1o 0?
SAR [mW/emd|
.| v
ot compansated compeasatec

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

’r'la:)e Qof 1Y
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

ET3DVE- SN;1609 March 18, 2016

Conversion Factor Assessment

= 835 MHz,WGLS RS (H_COMF) f= 1900 MHz, WGLS R22 (H_convF)

it } U
3 =
£ b
i 5 oy
’
i
®
ol
)
094 . 0 iy -
v L) v . B = AR - w v : o t3 > x = L
ol #ime
*

’ o A s3]
e e

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

10 -08 08 04 02 00 D2 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: t 2.6% (k=2)
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HCTCO,LTD

ET3DVE- SN:1609 March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

“Sensor Arrangement [ Trianguiar |
Connector Angle (*) | 774 |
Mechanical Surface Detection Mode ‘ enabled
Optical Surface Detection Mode disabled
[ Probe Overafl Length 337 mm |
Probe Body Diameter 10 mm |
(Tipleoghh 10mm |
| Tip Diamater 6.8 mm |
rProbe Tip to Sensor X Calibration Point 2.7 mm
i Probe Tip 1o Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point | 2.7 mm
Recommaendod Measurement Distance from Surface 4 mm
Certficale No: ET3-1608_Mar18 Page 11 of 11
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LTD

Calibration Laboratory of A S Schweaerischer Kailbrardienst

Schmid & Partner % ¢ Service suluse ddtaionnage
Engineering AG B g Servisio svizzero ol tarstura

Zeughausstrasse 43, J004 Zurich, Switzerland KA Swiss Calitration Service

Accredited by ihe Swisa Accredilalion Secvics [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

client  HCT (Dymstec) Cortificate No: EX3-3803_Sep15
CALIBRATION CERTIFICATE

Cepoct EX3DV4 - SN:3903

Casibenticn procedureis) QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calbration date:

September 28, 2015

Thin calitrabion cortiicale docurments e rnceabity 1o nations! a3, which resize the physical ursts of measurements (S1)
The messursments and the wconantion with confidenca peobabiity are grven on the Kalowing pages and are part of the conficate

Al c s have been

in e closed aboraiory faciity: environment lempecuturs (22 = 31°C and humidry < 7U%

Catbeution Eqgupment used (MBTE critical for calibration)

Primary Sta 1D Cal Do {Canficate No ) Schedued Calbvaton

Power matwr E44168 GB4a1293874 OLApe-15 (No 217-02128) Mar-18

Powet s8050( E4412A MY 41408087 01-Apr-15 (No. 217-02128) Mar15

i 308 Afiorontor | SN 55054 (ic) 01-Ape-15 (Mo 217.02129) Mar16_

Referance 20 9E Attlenuator | SN 55277 (20%) 01-Ape-15 (No. 217-02132) Mar-16

R 30 ot SN: 55120 (30b) 01-Age-18 (Na. 21702433 Mar-16

Raterance Probe E530V2 SN. 3013 3)-Dec14 (No EEL-A013_Decid) Dac-15

DAE4 SN 860 14-Jan- 15 (No. DAE4-660_Jant5) Jarrv-180

Secondary Standards 0 Check Date (in house) Scowduled Chock

RF ganeaior HP 86280 US3SLIU01700 4-Mug-99 (n house check Apr-13) In house check: Apr-18
! Anatyzor HF BTSIE | US37200585 18-0c-01 (i house check Oct-14) W housa check: Oct-15

Name Function Sgnature
Castoatma by e — Laworatory Technician O< = :w
Approved by Kty Pokonc

Issued September 30, 2015

Thia cafibration cortificate shall not De reproducelt sxcept n full without written aapravl of e labarasory
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of ATy Mtk Kalihrtais
Schmid & Partner =z 2 Service sulsse détalonnage
Engineering AG ? S g Servisio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzecland %,_"ﬂ\,? Swiss Calibration Service
Accrodited by the Swas Accreditation Servica (5AS) Accreditation No.: SCS 0108

The Swiss Accreditation Service s one of the signatories to the EA
Muttitateral Agreement for the recognition of calitiration cartificates

Glossary:

TSL tissue simulating liquid

NORMx.y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

nce diode compression point

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

ABCD modulation dependent fineanzafion parametars

Polarization ¢ 1 rotation around probe axis

Polarization 8 9 rotation around an axis that is In the plane normal to probe axis (at measuremeant center),
Le., & =0 is normai to probe axis

Connector Angle information used in DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Datermining the Peak Spatial-Averaged Specific
Absarption 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 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢) IEC 62209-2, "Procedure 1o detemmine 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 885664, "SAR Measuroment Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

«  NORMx,y,z: Assessed for E-field polarization 8 = 0 (1 < 800 MHz in TEM-cell: f > 1800 MHz: R22 waveguide).
NORMx.y,z are only inermediate values, i.e., the unceriainties of NORMx.y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(fIx.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 uncertainty of ConvF

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

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

o Axy.z: Bryz Cryz Dxyz VRxyz A B. C, D are numerical linearization parameters assessed based on
e data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage acress the diode.

« ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-fiekd (or Temperature Transfer
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on power
measuramants for > BOO MHz. The same setups are used for assessment of the parameters applhied for
boundary ion (alpha, depth) of which typical uncertainly values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the unceriainty corresponds 10 that given for ConvF. A frequency depandant
ConvF s used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHZ

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

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

« Connector Angle: The angle Is assessad using the information gained by determining the NORMx (no
uncertainty roquired).

Certificate No: EX3-3803_Sep15 Page 2ol 11
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HCTCO,LTD

FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

EXIDV4- SN:3903

Saptember 28, 2015

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

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Une (k=2)
Noem (uVAVIm)Y" 0.41 0.36 0.56 + 101 %
DCP (mV)" 103.7 108.6 99.4
Modulation Calibration Parameters i
uio | Communication System Name A 8 c D VR | Unc
. a8 | deviv | d8 | mv | (k=2)
0 I'cw X1 00 | 00 | 1o | 000 | 1452 | £27%
| v | oo 0.0 10 1344
| Z 00 | 00 1.0 1436

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

probability of approximately 95%

A Thie uncertainties of Narm X. Y2 do not affect the E°-field ancertainty inside TSL (see Pages 5 and 6)

" Numexical Inearization panemese: unceriainty not regured
' Uncertminty is desermined using the max, deviaton from linear response spphying rectanguiar asibution and l expressed for the squore of the

flokd vislue
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EX30V4- SN 3903 September 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © p.m,' co?‘sa::"'m ConvF X | ConvF Y | ConvFZ | Aipha® mﬂ &‘,
835 415 0.90 9.84 9.4 984 | 020 1.58 £120%
900 415 0.97 9.68 9.68 9.68 022 1.40 £120%
1450 40.5 1.20 8.25 8.25 8.25 0.17 1.55 +120%
1750 40.1 1.37 8.29 8.29 8.29 0.37 080 | £120%
1900 40.0 1.40 8.03 8.03 8.03 0.37 080 | £120%
1850 40.0 1.40 7.84 7.84 7.84 0.33 088 | £120%
2300 395 1.67 7.69 7.69 7.69 0.35 083 | 2120%
2450 382 1,80 7.35 7.35 7.35 042 080 | £120%
2600 39.0 1.96 7.08 7.09 7.09 0.26 113 | £120%
5200 35.0 456 5.28 5.28 5.28 0.40 180 | £131%
5300 359 476 5.08 5.08 5,08 0.40 180 | £131%
5500 356 496 a9 4.91 4.9 0.40 1.80 $131%
5600 355 5.07 4.70 4.70 4.70 0.45 180 | 2131%
5800 353 527 4.60 4.60 460 0.45 180 | #131%

'-meyuumymswm-uoumumanywvamsvucmm4mpmn.uun-mnmwwxsomz The
uncertarty @ the RSS of the ConvF uncortainty it caifaraton fraquency and the uncertainty for the indcated reguency band. Frequency validity
betow 300 MHz is £ 10, 25, 40, 50 and 70 MMz for Comd sssessments st 30, 64, 126 150 and 220 MHZ respectively. Above 5 GHz trequency
vakdity can Do extended 10 £ 110 MMz

* Al frequenties betow 3 GHz, the viliday of tusue parametnrs (o and ) can b relaxed to = 10% il Squx waton formula is appled to
meaaured SAR valuos. Al froquencas bove 3 GHz, the valdity of issus pasametees (s and o) & restncted to 5% The uncertanty & the RSS of
ihe Comvf” uncedanty for indicated target tissue parmmoters.

b5 we Gatermined during calbration. SPEAG wanenin that the remaiming doviation due 10 the boundary effuct afior compensation i
mmstm:mwmmammmrnmmmuo&uwmummummw
diamesar from e boundary
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EXIDV4A- SN:3903 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © r-%' co?gm"" ConvE X | ConvFY | ConvFZ | Aipha® ' mﬂ (E:;p
835 55.2 0.97 10.05 10.05 10.05 023 129 | £120%
1750 534 1.49 7.94 7.94 7.94 0.39 0.85 £120%
1900 53.3 152 7.72 772 7.72 0.34 0.87 £120%
2300 52.9 1.81 757 7.57 7.57 0.42 080 | £120%
2450 52.7 1.95 7.38 7.38 7.38 0.31 095 | +120%
2600 52.5 2.16 7.22 7.22 7.22 0.22 095 | £120%
5200 49.0 5.30 457 4.57 4.57 0.50 1.90 £13.1%
5300 489 §42 4.42 4.42 4.42 0.50 190 | £13.1%
§500 488 565 388 3.88 388 0.60 180 | £131% |
5600 485 5.77 3.74 3.74 374 0.60 150 | £131%
5800 482 6.00 4.05 4,05 4.06 0.60 1.90 £13.1%

‘-nmmlym:oomudzmouqmwmhmsvuummu(unpag-a.euumwrwm'wmm
uncenainty is the RSS of the Coon® uncartmnty at calibrabion freg y and the ty for the inds in y band. Freguency valdry
bﬁo«:mw«zumzs.ao.sownmtnrwmano.nm,m-dmwwm.msmwmy
vilicity can be oxtended to £ 110 MHz

" At requencies bolow 3 GHz. the vaiaity of thsow pararaters (c and i) can be ieland 10 4 10% if fiquid comp fonmuls s appled 10
m-nu-dsmmanmm:mmwnwuuwnwu:wo)u-mhzstmmnmummsu
he Conv® uncestanty for indicated target tssue parametens.

“ AlphaDepih are detormined dunng calfyration SPEAD werants that the remaining devistion due (o the boundary effect after compensatioo &
mmmzmbrmmuwsamwmzmnmmummmoumwmmwmw
dameter from the boundary,
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Report No: HCT-A-1605-F008-1

EXADV4- SN-3903

iy response (normalized)

srequer

Cartificate No: £X3-3603_Sep1s

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

06

O ,!

0 500 1000 1500 2000 2500 000
f(MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EXIDV4A- SN 203 Seplomber 28, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
’ L . . a El
o Tel X
g
B 001 pgeaigoncg gt st TP b s e d T e A ttag
o
I — gy~ = 10
Rot [1]
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Centificate No: EX3-3803_Sep1d Page 8ol 11

F-TP22-03 (Rev.00) 138 /206 HCT CO., LTD



-
‘—"C'- FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LLTD
EX3DV4- SNAT03 September 28, 2015
Dynamic Range f(SARead)
(TEM cell , foyu= 1900 MHZ)
10% 4 e
v
~ 10 |4
:1 "'
E
e v
7
(72 -
g 1 .
.
10 .
.
10
10 10 10 10 10 10
SAR [mW/em3)
not compensated compensates
1
. T S G LR
- 2
ui
SAR {m\}i‘unSl
.| e
not compenanstec compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EX30V4- SN-3903 September 28, 2015

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convF) f = 1900 MHz. WGLS R22 (H_convF)

£ % =
g 0 =
En
3 3
' |
"
A X
A
? e—
w0 x x . de - v L) = " = a « - “w
& srem;
. 2] 21 L B
ol ‘e Laanad w—

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

10 -08 08 04 02 00 02 04 085 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters
Sensor Arrangemeant ] Triangular
Conneclor Angle () | -33.2
Mechanical Surface Detection Mode ' i enatled
| Optical Surface Detection Mode disabled |
| Probe Overall Length 337 mm |
Wﬁl'&;\é(&f- 10 mm
Tip Length - amm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point - 1 mm |
Probe Tip to Sensor Y Calibrabon Point “Amm |
Probe Tip o Sensor Z Calibration Poinl. 1Tmm
Recommended Measurement Distance from Surlace 14Amm |
Cendicate No: EX3-3803_Sep15 Page 110l 11
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Accreditation No.; SCS 0108
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Caaraton oine

This calitration ceaificale do 13 Ihe

—

Calibeation Equepmant used (MATE critical for caltrason)

The maasurements and the uncertaintes with confidence protiability are Given on hw lollowing pages sed ure part of the certificate.

Af calibrations hove beon canducted in the closed laboraiony lacity: ervironment lempacaiues (22 = 3)°C ant bumidity < TO%

which realize the phyuical units of

(Six
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of S e Schwelzsrischer Kalibrierdion
Schmid & Partner = 3 g m«uz.m 2
Engineering AG g Sarvizio svizzero di taratura
Zeughausstrasse 43, D004 Zurich, Switzerand k(,‘(\ W s Swiss Calibration Service
Accredilad by Ihe Swiss Accraditation Servios [SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 10 the EA
Muttitateral 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

pcp diode compression point

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

ABCD modulation dependent linearization parameters

Polarization ¢ p rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal to probe axis (at measurement center),
Le., 8 =0 normal to probe axis

Connector Angle Information used in DASY system 1o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

#) [EEE Sta 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatal-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices, Measurement
Techniques®, June 2013

b) IEC 6220941, "Procedure to measure the Specific Absorption Rate (SAR) for hand-hedd devices used in close
proximity to the sar (frequency range of 300 MHz to 3 GHz)", February 2005

c) IEC 62209-2, "Procedurs to determine the Specific Abscrption 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 MMz to 6 GHz"

Metbods Applied and Interpretation of Parameters:
NORMx,y.x Assessed for E-fisld polarization 8 = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavsguide)
NORMx,y,z are only Intermadiate values, |.e., the uncertainties of NORMx.y.z does not affect the E *_field
uncertainty inside TSL (see below ConvF).

«  NORM(f)x,y.z = NORMx,y.z * frequency_response (see Fraquency Response Chart). This linearization s
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inciuded
In the stated uncertainty of ConvF

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

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

o Axyz Bryz Cxy.z Dxy.z VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nat depend on frequency nor
media. VR s 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 { < 800 MHz) and Inside waveguide using analytical field distributions based on powser
measuramants for f > 800 MHZ Theumouw»mmedfawmomnpammtsammlw
boundary compensation (aipha, 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
to NORMx,y.z * ConvF whereby the uncerainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to £ 100
MMz

« Sphencal isotropy (30 deviation from isotropy): in a feld of low gradients realized using a fiat phantom
exposed by a patch antenna.

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

e Connecfor Angie: The angle Is assessed using the information gained by determining the NORMx (no
uncertainty required)
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FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

EX3DV4- SN.TIT0

September 1, 2015

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

Basic Calibration Parameters
Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (WV/I(Vim)Y')* 047 0,51 043 +10.1 %
DCP (mV)* Qg0 105.3 [ 99 8 |
Modulation Calibration Parameters
uiD Communication System Name A B8 ] o VR Unc
N d8 dBvv | a8 mv (k=2) |
o Jow l 00 | o0 | 10 [ 000 | v623 | s33% |
0.0 0.0 1.0 1848 |
0.0 0.0 10 167.7

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

probability of approximately 95%.

* The uncertartes of Norm XY Z do not aflect the E finig uncertainty inside TSL (see Pages § and 0)

* Numaccal linearization parameter: uncerainty not required
! Uncectairty & determined uaing the max, deviatian from linear response applying rectangular datribution and @ expressed far the square of the

el value
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LLTD

EX3DV4- SN.7370 September 1, 2015

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

Calibration Parameter Determined In Head Tissue Simulating Media

Relative Conductjvity Depth © Une

f(MHz)© | Permittivity" (Sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) {(k=2)
450 435 0.87 10.67 10.87 10.67 016 1.70 | £133%
750 41.9 0.89 9.81 9.81 9.81 0.26 124 | £120%
835 415 0.90 957 9.57 957 027 117 | £120%
900 415 0.97 9.29 9.29 9.29 029 112 | 2120%
1450 405 1.20 8.08 8.08 8.08 026 106 | +120%
1750 401 137 8.05 8,05 8.05 0.34 080 | £120%
1900 40.0 1,40 7.80 7.80 7.80 0.34 080 | £120%
1950 40.0 1.40 7.57 7.57 7.57 0.40 080 | £120%
2300 305 1.67 743 743 7.43 0.33 083 | £120%
2450 392 1.80 6.94 6.94 6.94 0.32 092 | +120%
2600 30.0 1.96 8.81 6.81 6.81 043 080 | +120%
3500 374 291 6.92 6.92 692 0.29 139 | +131%
5200 36.0 4.66 513 5.13 513 0.35 180 | £131%
5300 359 4.76 495 495 485 0.35 180 | 131 %
5500 158 4.96 453 453 453 0.40 1.80 | £131%
5800 35.5 5.07 435 435 4,35 0.40 180 | £134%
5800 353 527 453 453 4,53 0.40 180 | £131%

“memcmomu:muummmwwammw(mmn else it s resticted 10 = 50 MHz. The
uncertainty is the RSS of the Conv uncartanty al calibrotion feg y 8exd the une y for the frequency band. Frequency veldity
Delow 300 Mz s £ 10, 25, 40, somwwtucmm-mu 128 uommmmay Above 5 Gz frequency
valiity can be exsanded 1o ¢ 110 MHz,
" A frequancies beiow 3 GHE. the validity of basus pRramatees (= and o) can be retaxed o ¢ 10% i igued o formats = applied
messured SAR values. At freqguencies above 3 Gz, the valdty of lissue paeamelers (s nd o) @ realncied 10 £ 5% The uncortanty is tha RSS of
NWWW'«MWWW

ace deleemingd duning caliteation. SPEAG Ihat the due 1o he y effoct alter

adwoys jess than ¢ mlum-msmmm:nmwmuc&nwmwmmmmw
diamassr llom he Soundary
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EX3I0OVA- SN.7IT0 Septernber 1, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © p.m,' cwzsm"" ConvF X | ConvFY | ConvFZ | Alpha® m" (:-n;)
450 56,7 0.94 11.08 11.08 11.08 0.11 160 | £133%
750 §5.5 096 982 9.82 9.82 0.24 127 | £120%
835 56.2 0.97 9.66 o 66 9.66 0.29 125 | £120%
1750 53.4 149 | 7178 7.76 | 176 047 0.81 £12.0%
1900 53.3 1.52 7.49 7.49 7.49 0.41 080 | £120%
2450 52.7 1.95 7.16 7.16 7.16 0.35 080 | £120%
2600 525 2.16 7.07 7.07 7.07 0.29 080 | £120%
5200 49.0 5.30 4.64 4,64 4.64 045 190 | 2131%
5300 489 542 445 446 | 446 0.45 190 | £131%
5500 436 5.65 4.03 4.03 4.03 0.50 180 | £131%
5600 485 577 3.85 3.85 3.85 0.50 190 | 2131%
5800 482 6.00 403 4.03 4.03 0.50 180 | #131%

“ Froquoncy velidity above 300 MHz of 2 100 MMz anly appiles for DASY w4 and highw (see Page 2). oise It is restricled ta & 50 MMz The
uncartmaty s the RSS of the ConvF uncertainty ot calbrston froquency ond the uncertainty for the indicated frequency band. Frequency validity
Dedow 300 MHZ Is £ 10, 25, 40, 50 and 70 MMz ky CoonF assesaments at 30, 64, 128, 150 and 220 Mz respectivoly. Above 5 GHz frequency
validity can be exdended 1o = 110 MHz

" Al frequencies below 3 GHz, (he virlty of tissus parametars (e and o) can be rekaxed 1o + 10% It hgwd compensation fonmubs i appled 1o
measured SAR voluos, A frequonces above 3 GMz_ the vaiddy of Issue Darsmetsns (1 and o) is restncted 10 £ 5%, The uncertmnty is the RSS of
the Comvf® uncertanty for indicated target 1ia00 paramaters.

“ nipnaDapth are delermined durng calibrstion. SPEAG that the g tue 10 the y effect afor comp a
aiways less than & 1% for fraquencios Delow 3 GHx and bolow + 2% for equencies batween 3-8 Gz o any datance lwrger than half the probe S
diameter from the boundary
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EXIDVa- SN.T7370 Soptomber 1, 20185
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Froquoncy Response of E-field: £ 6.3% (k=2)
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September 1, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4A-SN.73T0 September 1. 2015

Dynamic Range f(SAR}¢aq)

(TEM cell , fou= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EXIDV4A- SN.7370 September 1, 2015

Conversion Factor Assessment

= 835 MHz WGLS RS9 (H_convF) = 1900 MMz WGLS RZ2 (H_convF)

# !
: 3

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

Dev ation

' = (=]
Lbbdpon

ocoee*

.10 -D8 06 04 02 00 02 04 085 OB 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

| Sensor Arrangerment Triangular |
| Connector Angle () 94.7
| Mechanical Surface Dstection Mode | enabled
"Optical Suface Detoction Mode disabled
| Probe Overall Length | 337 mm
| Probe Body Diameter m— — 10mm |
[Tip Length | g mm
[Tip Diameter 1 25mm
Probe Tip to Sensor X Calibration Point | Tmm
Probe Tip 1o Sensor Y Galibration Point T mm
Probe Tip to Sensor Z Calibration Pont 1 mm
[Recommended Measurement Distance from Surface 1.4 mm
Centificate No: EX3.7370_Sep15 Page 11 of 11
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LTD

Calibration Laboratory of
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT COLLTD
Calibration Laboratory of S, St N
Schmid & Pariner = g mm,:::.,,.
Engineering AG % Servizio svizzero & taraturs
Zeughausstrasse 43, 8004 Zurich, Switzeriand Y ﬂ”f S owiss Camvation Sarvice
fralia!
Accredaed by the Swiss Accredtaton Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Ag for the recog of calibeation cortificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y,z
oce diode comprassion point
CF crast factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢  rotation around probe axis
Polarization 8 8 rotation around an axis that Is in the plana normal 1o probe axis (at maasurement center),
Le, 8 =0is normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

c) 1EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devicas
used in close proximity to the human body (frequenay range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 8 GHz"

Mothods Applied and Interpretation of Parameters:
NORMx,y,2: Assessed for E-fizld polanzation 8 = 0 (f < 800 MHz in TEM-cell; { > 1800MHLR22wavegdde)
NORMzx,y.z are only intermediate values. 1.8, the uncertainties of NORMx, yzdounoloﬂodme -field
uncerainty inside TSL (see below ConvF),

o NORM(Nx.y,z = NORMx,y.z * frequency_response (see Frequency Response Chart), This linearization is
Implementad in DASY4 software versions later than 4,2, The uncertainty of the frequency response is mcluded
in the stated uncertainty of ConvF.

« DCPx,y.z: DCP ara numerical lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncentainty 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
charactesistics

o Axyz Bryz Cryz Oxyz VRxyz A B, C, Dare numercal inearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend on frequency nor
media. VR i the maximum calibration range expressed in RMS voitage across the diode.

* ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfor
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters appiied for
boundary compensation (alpha. depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
10 NORMz,y.z * ConvF wheraby tha uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows axtending the validity from = 50 MHz to + 100
MHz.

o Spherical isotropy (30 deviation from isotropy): in & field of low gradients realized using a flat phantom
oxposed by a patch antenna.

* Sensor Offset The sensor offset correspands to the offset of virtual measurement center from the probe tip
(on probe axas). No tolerance required.

« Connector Angle: The angle Is assessed using the Information gained by determining the NORMx (no
uncertainty required)
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HCTCO,LTD

FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

EX30VA- SN:3067

Decembor 16, 2015

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

Basic Calibration Parameters

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

Norm (uVi(Vim)')* 0.54 0.38 0.48 | 2101 %
| DCP (mV)" 101.3 978 101.0 |

Modulaﬁon Calibration Parameters
Communication System Name A B c | 0 VR Ung

48 dBVuv | 98 | mV (k=2}

9 W [ x| oo 0.0 10 | 000 | 1450 | #38%
|y 00 00 10 | 1437
| 2 0.0 00 10 | 1382

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

TMMmmdMXYZdommwF’hwummuwmdeYSL\seePaqaswo\
not reguired

" Numercal inearization paramester

¥ Uncartanty & determined using the max daviation from Inedr response spuhing rectanguier dalrdiution and is expressed for the square of the

fala value
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCTCO,LTD

EX3DV4- SN:3967 December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © M‘ comm ConvF X | ConvFY | ConvFZ | Alpha® mu (23)
750 419 0.89 10.27 10.27 10.27 0.21 139 | £120%
835 415 0.90 9.87 9.87 9.87 0.20 138 | 2120%
900 415 0.87 970 9,70 9.70 0.25 1.15 £12.0 %
1450 40.5 1,20 8.19 8.19 §.19 029 092 | =£120%
1750 401 1.37 8,39 B.38 8.39 025 088 | £120%
1900 40.0 1.40 8.11 B.11 8.11 0.39 080 | £120%
1960 40.0 1.40 7.80 7.80 7.90 0.38 086 | £120%
2300 395 1.67 7.73 7.73 7.73 0.37 084 | 2120%
2450 39.2 1.80 7.42 7.42 7.42 0.40 080 | £120%
2600 39.0 1.96 717 717 7147 0.41 083 | £120%
3500 379 291 7.80 769 | 780 0.94 063 | #1314 %
5200 38.0 468 537 5.37 | 537 0.35 180 | +131%
5300 35.9 476 5.04 5.04 5.04 0.40 180 | #131%
5500 356 496 487 4.87 4.87 0.45 180 | £131%
5600 355 5.07 4.65 465 4.65 0.50 180 | 131 %
5800 353 527 4.69 4,69 469 0,50 180 | £131%

 Fraquency validty above 300 Mz of moumomy-pd-twmsvuamm(mmnmumm:ww YM
uncetanty w the RSS of the Com# y and the ur y for the a) y band_ F

below 300 Mz ts £ 10, 25, 40, sowmmvercoanammnw B4,128 1sowmmmm~w Mavobehzboqum:y
mmuwwzuom

© Al trequences Delow 3 GHz, the vascity of tissue paramaten (x aad o} can be relsxed to = 10% If biquid & ilh i pppied 0
maasured SAR values thamSMMvmdummmummuwn158 mwomnssa

"AWDeoih-u durieg SPEAG that the ing doyiation due 10 the boundary effect Bl COMPEIANON i
plwarys dess than + 15 1o fmguencies below 3 GHz and below & 2% for frequencies between 3-6 GHz st any astance langer than haif e probe tip
ciameter from the boundary
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCO,LLTD

EX3DVA- SN.3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

o Relative [ Conductivity | = Depth © Unc

1 (MHz) Pormittivity (s'm)" ConvF X | ConvFY | ConvFZ | Alpha {mm) (k=2)
750 55.5 0.96 9.92 9.92 9.92 0.22 141 £120%
835 56.2 0.97 9.76 978 9.76 0.24 1.28 +120%
1750 534 149 B.04 8.04 804 040 0.85 £120%
1900 53.3 1.52 7.95 7.95 795 0.35 0.92 £120%
2450 527 1.95 7.31 7.31 7.3 0.40 0.86 +12.0%
2600 52.5 216 7.19 7.19 719 025 1.05 £120%
3500 51.3 3.31 6.88 8.86 6.86 0.36 1.14 2131 %
5200 480 5.30 432 4.32 432 0.55 190 +13.1%
5300 489 542 423 423 423 0.55 1.90 +£131%
5500 4886 565 3.80 3.80 3.80 0.60 1.80 +131%
5600 48.5 577 3.70 3.70 3.70 0.60 1,90 +13.1%
5800 482 6,00 3.82 382 382 0.60 1.90 £13.1%

© Frequency valdty sbove 300 MHz of £ 100 Miz ony saplies for DASY va. 4 and higher (ses Page 2), eise i in restricted 10 = 50 MHz The
uncensinty is the RSS of the Com uncertanty it colibration fequancy @nd he uncstanty for the indcated requency band Frequency valikity
Dolow 300 MHZ 18 £ 10, 25, 40, 50 and 70 MHZ for Convi assepsmonts at 30. 64, 128, 150 anu 220 M- respectively. Above 5 GHz frequancy
Mmb‘mmu: 190 Mz

" Al frequencios bokow 3 GHz. !he vaiidity of bssue parsmetens (¢ and «) can be relaxed 1o = 10% # bgud formuts =
measured SAR values M frequencies above 3 GMz, the validty of fssus parameters (v mnd o) is resincied 1o @ 5% YbumMynMRSSd
Imcwmmhmwmm

= AphaDepth are determined during catbraton. SPEAS warteotn 1hat 1he remaming deviation due to the boundary sftect after compensaton &
Ahways less han 2 4% for frequancies below 3 GHz and below = 2% for frequencies betwoon 3-8 GMz at any distance keger than half the probe tp
diameter fram tha boundary
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Report No: HCT-A-1605-F008-1

EX3DVa- SN:3067

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

Dacember 16, 2015

Frequency response (normalized)
o
»
.

1500 2500
f[MHz]

e Rz

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

1000
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Report No: HCT-A-1605-F008-1

EX3DV4-- SN.1967

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM

=1800 MHz R22
- . a %
. - . . o
Tot X Y F 4 T X Y
E
[}
= PV S W N
g ( o4 3ot ‘ e i - g3 ; - - “—3—’—3
A : -A. , A
Rot ']
B
| ".x"f '-.' "’711!'0‘ )

Uncertainty of Axial Isotropy Assessment; £ 0.5% (k=2)
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EX3DV4- SN3967 Dacember 16, 2015

Dynamic Range f(SARpeaq)
(TEM cell , fo = 1900 MHz)
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2 - — 1 -
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’ 0
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* | .
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Uncertainty of Linoarity Assessment: £ 0.6% (k=2)
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EX3DVA- SN:3967

December 16, 2015

Conversion Factor Assessment

= 835 MMz WGLS RS (H_comf)

= 1800 MHz WGLS R22 (M_conv¥)

- " 0
2jmed
LY

wavas

K 1

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

-1.0

08 08 04 -02

10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

00 02 04 06 08

Certificate No: EX3-3967_Dec15

Page 10 of 11

F-TP22-03 (Rev.00)

162 /206 HCT CO., LTD



-~
ha- FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1

HCTCOLLTD

EX30V4- SN:AGGT Decomber 16, 2015

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

Other Probe Parameters

“Sensar Arrangement 1 Trangular
Connector Angle (%) o T 208
"Machanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
“Probe Overall Length o S 337 mm |
E&Tw}ﬁ&fm}&a 10 mm l
m— 9 mm |
Tip Diameter 25mm |
Probe Tip to Sensor X Calibration Point ~Tmm |
Probe Tip to Sensor Y Calibration Point 1 mm |
Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommaended Measurement Distance from Surface | 1.4 mm J
Cortificsts No: EX3-3967_Dec15 Page 11 of 11
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Attachment 4. — Dipole Calibration Data
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of P Schweizerischer Kalibrierdienst
Schmid & Partner %’E 8 Sarvice suisse d'éalonnage
Engineering AG g C gervizio wvixzero ol tarativ
Zoughausstrasse 43, 8004 Zurich, Switzertand T S swiss Calibration Service
Ascrediied by the Swiss Accrodation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories (o the EA
Muttilateral Agreement for the recognition of calibration certificates
ctiet  HCT (Dymstec) Cartificate No: D835V2-4d165_Novis
(CALIBRATION CERTIFICATE
|
 Otject DB35V2 - SN: 44165
Caltration procodure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Catbration date November 24, 2015

This calibration contficats documents the taceability to national standards, which reakze the physical units of measurements {S1).
The measutements and the unceraintins with confidence probabiity are given on the following pages and are par of the cardicate

Al calibrations have boen conducied In the closed laboratory facility: amaeronment tempariture (22 + 31°C and humidity < 70%

Caltraton Equipment used (MATE ontical for calibeation)

Primary Standards 0a Cad Data (Carificats No.) Scheduled Calbration
Powar meter EPM-4424 GB37480704 O7-Oct-15 (No. 217-02222; Qct-16

Powar sensor HP B451A US37292783 07-Oct-15 (No. 21 7-02222) Cct-18

Power sensar HP 8401A MY4100237 07-Oc1-18 (No. 217-02223) Oct-16

Astaronce 20 dB Aleauator SN BO6S (20k) O1-Ape-15 (No. 217-02131) Mar-18

Type-N mismatch combination SN: 5047 .2 / 08327 O1-Apr-15 {Na. 217-02134) Maz-16

Reterance Probe EX3I0DVI SN: 7346 30-Dec-14 (No. EX3-7348_Dec14) Doc-15

DAES SN 60 17-Aug1S (No. DAEA-G01_Augis) Aug 18

Secondary Standards 0¥ Check Date (in house) Schaduled Check

AF gunemator AAS SMT-06 a2 15-20n-15 {In housa chack Jun-15) In house cheak: Jun-18
Natwark Analyzer HP 8753E USI7TI60585 54206 18-0ct-01 (in houne check Oct-15) In heuse check: Oct-16

Sgnature
Calibeated by: Michant Webet Laboratory Technician IK&Y
Approved by Katjn Pokovic Tachnicai Manager %%

lnsued: November 24, 2015

This calinration certifcate shall not be reproduced except in full without wiittsn appoval of the laboralory
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HCT CO,LTD
Calibration Laboratory of L, Schwaelzarischer Kalibrierdsenst
Schmid & Partner a— 2 Service suisse d'étalonnage
Engineering AG =36 Servizio svizzero di taratura
Zoughaussirasse 43, 8004 Zurich, Switzerland 'z%ﬂ.\_.\-’ S Swiss Calibration Service
Accroditod by tho Swiss Accradilation Semnvioa (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The ed 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: DEISV2-4d165_Nov1h Page20l 8
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HCTCOLLTD
Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The following parameters and catoulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C M“ns 0.90 mho/m
Measured Head TSL parameters (220x02)'C 426:6% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nominal Hoad TSL paramaters nomalized to 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL parameters normakized 1o 1W 5.90 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mhovm
Measured Body TSL parameters {(220=02)C 556+6% 0.99 mho/m £ 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR 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 measured 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg = 16.5 % (k=2)
Cenilicate No: DB35V2-44165_Nov15 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5210Q-47jQ
Retum Loss - 26048

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780Q-88j0
Retum Loss -227dB

General Antenna Parameters and Design

I Electrical Delay (one diraction) I 1440 ns I

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

The dipole is made of standard semingid coaxial cable. The centar conductor of the feeding line 5 directly connected to the
second arm of the dipole, The antenna is therefore short-clroulted for DC-signals, On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve maiching when [caded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard

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

Additional EUT Data

Manufacturad by SPEAG
Manutactured on December 28, 2012
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DASYS Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D83SV2 - 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 Stundard: DASYS (IEEE/IEC/ANSI C63.19-2011)

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

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

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

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

Peak SAR (extrapolated) = 3.40 W/kg

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

Maximum value of SAR (measured) = 3.03 Wikg

0dB=3.03 Wikg =481 dBW/kg

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

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d165

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

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

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

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

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

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

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

Pcak SAR (extrapolated) = 3.54 W/kg

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

Maximum value of SAR (measured) = 3.17 W/kg

-mn

0dB =317 W/kg =5.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerliand

Accreditid by the Swiss Accrediation Senvice (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibeation certificates

cient  HCT (Dymstec)
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Schweizerischer Kalibrierdienst
Service suisse d'etalonnage
Secvizio svizrero di taratura
Swiss Calibration Service

Accreditation No. SCS 0108

Caertificate No: D1800V2-2d006_Jan16

[CALI BRATION CERTIFICATE
— —
Object D1800V2 - SN: 2d006
Calibeation procedusa(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calibeation tatm January 22, 2018
Thés calibration . 1he traceability to r , which realize thw physical units of measurements (SI)

Calibestion Equioment used (MBTE critical for calibration)

The maasurements ant the uncentainties with confidence probability are given oo the folowing pages and are part of the cerdificate

All calibrations have been conducted in the cicsad laboratory 1aciity: environmeant lempertue (22 + 3)°C and humidity « 70%.

Primary Standars 10 # Cail Date (Cartificats No.) Scheduled Culitration
Pawar meter EPM-442A GB3I7480704 07-0c2-15 (No, 217-02222) Oct-18
Powsr sansor HP 84814 US37292783 07-Dct-15 (No. 217-02222) Oct-186
Power sansor HP 84814 MYa1082317 07-0ct-15 (No. 217-02223) Oct-16
Fitecence 20 dB Attaruator SN: 5058 (20x) 03-Ape-15 (No, 217-02131) Mar-16
Type-N mismatch combmation SN 5047 2/ 08327 01-Apr-15 (No, 217-02134) Mar-16
Aelorence Probe EX30V4 SN 7348 31-D6c-15 (No. EX3-7349_Dect5) Dec-16
DAE4 S¥: 601 30-0ec-15 (No. DAESEOT_Dacts) Dec-16
Secondary Standards 10 ¥ Check Date {in house) Scheduled Check
RF generator H&S SMT-06 100972 15-Jun-15 (in house chack Jun-15) In housa chocik: Jun-18
Notwock Analyzar HP 8753 US37300585 S4200 18-001-01 (in houss check Oct-15) In house checke Oct-16
Name Function S
Cafbrated by, Mchaal Weber Laboratory Technician 2;7 “é ;
.
Approved by: Katju Pokovic Technicsl Manages

Thiis calration cerificste shall not be reproduced excapt in ull without witten appeoval of the laboratory

e

fssued January 24, 2016

Cantificate No: D1800V2-20006_Jan18
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of S, i i -
Schmid & Partner SN 8 e s wf.::"m..
Engineering AG % C  sarvitio svizzero ot tarsturn
Zeughausstrasse 43, 8004 Zurich, Switzerland % 47,\\..-\-'\} S Swiss Calibration Service
Atcrodiled by the Swiss Accreditation Sarvce (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) 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.

* 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.

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

« SAR for nominal TSL parameters: The measured TSL parameters are used fo 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: D1800V2-20006_Jant6 Page20l8
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Measurement Conditions
DASY system configuration, as far as not iven on page 1.
DASY Version DASYS5 v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Fiat 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 220°C 400 1.40 mhao/m
Measured Head TSL parameters {220:02)"C 401 6% 1.39 mho/m =+ 6 %
Head TSL temperature change during test <05°'C — e
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wiy
SAR for nominal Head TSL paramsters 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 5.08 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 20.2 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220202)'C 53726% 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 9.57 Wikg
SAR for nominal Body TSL parameters nommalized to TW 38.3 Wikg = 17,0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Centificate No: D1800V2-20006_Jan16 Page 30i8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformead to feed point 4650-68)
Retum Loss -221d8
Antenna Parameters with Body TSL
Impedance, transformed ta leed point UuITN-621K2
Retum Loss -213d8
General Antenna Parameters and Design
| Electrical Delay (one direction) [ 1.208 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 10 the
second am of the dipole. The antenna Is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded according 10 the position as explained in the
‘Measurement Conditions® paregraph. The SAR data are not affected by this change. The averali dipole length is stil

according to the Standard,

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

leadpoint may be damaged

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Certdicate No: D1800V2-2d005_Jan18
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DASYS5 Validation Report for Head TSL

T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DI800V2; Serial: DISO0V2 - SN: 2d006

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

Medium parameters used: (= 1800 MHz; 6 = .39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Date: 22.01.2016

Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12.2015;

Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601: Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASY52 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=3mm, dz=Smm
Reference Value = 106.1 Vim; Power Drift = 0.04 dB
Pecak SAR (extrapolated) = 17.5 Wikg

SAR(I g) = 9.57 W/kg:; SAR(10 g) = 5.03 W/kg
Maximum value of SAR (measured) = 14,5 Wikg

-3.60

-1.20

-14.40

0dB = 14.5 W/kg = 11.61 dBW/kg

Cartificate No: D1800V2-2d006_Jan1d PageSol B

F-TP22-03 (Rev.00) 177 /206

HCT CO., LTD



IaCT

HCTCO,LTD

FCC ID: ZNFK240F Report No

: HCT-A-1605-F008-1

Impedance Measurement Plot for Head TSL

Centificate No: D1800V2-2d008_Jan16
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DASYS Validation Report for Body TSL

Date: 22.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS00OV2 - SN: 2d006

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

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

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

DASYS52 Configuration

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

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibruted: 31.12.2015;
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Valoe = 102.4 V/m: Power Drift = -0.01 dB
Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.05 W/kg
Maximum value of SAR (measured) = 14.4 W/kg

-3.60

-1.20

-10.80

-14.40

-18.00

0dB =144 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of 28, Schweizerischer Kalibrierdienst
Schmid & Partner SN S Service suisse d'étalonnage
Engineering AG g C  servizto svizzero O tarsturs

Zeughausstrasse 43, 8004 Zurich, Switzeriand % ,'ﬁ\f‘ S  swiss Calibration Service
Accradied by the Swiss Accredation Sarvics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 10 the EA

Multilstoral Agrosment for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apr16
CALIBRATION CERTIFICATE

Otiect D1900V2 - SN: 5d061

Calibeation procedureds) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Cadbration date Apnil 25, 2016

This calation cenificals documants tha bilty to r tandards, which reafize the physical units of measurements (51)
The meas: vis and the ur with confidanca probalility are given on the lollowing pages and are part of (he cerificate.
All caibrations have been contucted n tha cicsed labaratory laciity, 0l lemperaiiee (22 « 3)°C and humidity < 70%.

Calibeation Equipmant used (MATE criscal for calibration)

Primary Standards [} Cal Date (Certificate No ) Scheduled Calibrabion
Power meter NRP SN: 104778 08-Ape-16 (No. 217-02288/02289) Apri?

Power sansor NRP-291 SN 108244 06-Ape-18 (No. 217-02288) Apr-17

Power sansoc NAP-Z91 SN 103245 O6-Ape-18 (No. 217-02289) ApeiT

Aelemnce 20 4B Anenuator S 5058 (20K) 05-Apr-18 (No. 21702292) Ape1T

Type-N mismaich combination SN 5047 2/ 08327 05-Apr-18 (No. 217-02295) Ape17

Reference Probe EXIOV4 SN 7340 31-Doc15 (No. EX3.7346_Dec15) Dec-18

DAE4 SN 601 30-Dec15 (No. DAES-801 Dec15) Dec-10

Secondary Standards D Check Date (n houss) Scheduled Check
Power meler EPM-S42A SN: GB37480704 07-0ct-15 (No, 21702222} In house check: Oct-16
Power sensor HP 8481A SN. US37202783 G7-0ct-15 (No, 217-02222) In house check: Ocl-16
Power sensar HP B481A SN MY/ 1090317 07-0ct-15 (No. 217-02223) In house ehack: Oct16
AF gonorntor RAS SMT-08 8N 100872 15:Jun-15 {in house check Jun-15) In house check: Oct-16
Notwork Analyzor HP 8783E SN US37300585 18-0c-01 (1 house chack Oot+15) In house check: Oct-10

Name Function

Sigrature
Calbrated by Mchaal Waber Labaratoty Technician /{%5_
Apgroved by: Katjs Pokovic Technical Managor %f@

lssusd. Aptil 26, X116

This calibeation ceriicats shall not be reproducsd axcept in full mithout weitten approval of the laboratory

Certficate No: D1900V2-50061_Apr6 Page 1 0f8
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HCTCO,LTD

Calibration Laboratory of

4 Schweizerischer Kalibriesdienst
Schmid & Partner Service suisse d étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swisa Cafibration Service
Accredited by the Swiss Accreditation Servwee (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaters! 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 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 GHz2)",
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 avallable from the Validation Report at the end
of the centificate. 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
paraliel to the body axis.

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

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

* SAR measured: SAR measured at the stated antenna input power,

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

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

Centificate No: D1900V2-5d061_Apri6 Page20of8
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HCTCOLLTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantomn Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = S mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
Thae following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+02)°C 400+£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 powar 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 501 Wikg
SAR fTor nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220=202)°C 529+6% 1.49 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 meaaured 250 mW input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Whkg
SAR for nominal Body TSL parameters pormalized to 1W 20.9 W/kg = 16.5 % (k=2)

Centificate No: D1800V2-50061_Aprt6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+7.710
Retum Loss -221d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4790Q+85Q
Aeturn Loss -21.0d8

General Antenna Parameters and Design

[ Electrical Delay (one direction) [ 1.192 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 conductor of the feeding fine is directly connected to the
sacond arm of the dipole. The antenna i therefore shon-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipoie arms n order 10 improve matching when loaded according 1o the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not atfected by this change, The overall dipole length is stifl
according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Certificate No: D1800V2-5a3061_Apr18 Page 4 of B
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DASYS Validation Report for Head TSL

Date: 25.04.2016
I'est Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: UID 0 - CW; Frequency: 19 MHz

Medium parameters used: = 1900 MHz; a = 1,37 S/m; & =40, p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated; 31.12.2015;
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronicy: DAE4 Sn601; Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASYS5252.8.8(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=5mm, dy=Smm, dz=Smm

Reference Value = 107.4 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

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

Maximum value of SAR (measured) = 14.5 Wikg

-3.00
-71.60
-11.40

-15.20

-19.00

0dB = 14.5 W/kg = 11.61 dBW/kg

Certificate No: D1800V2-53061_Apr16 Page 5ol B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 25.04.2016
Test 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 = 1.49 S/m; £ = 32.9; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.03, 8,03, 8,03); Calibruted: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

o« DASYS5252.8.8(1258);: SEMCAD X 14.6.1((7372)

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

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

Peak SAR {extrapolated) = 17.3 Wikg

SAR(I g) =9.82 W/kg; SAR(10 g) = 5.2 W/kg

Maximum value of SAR (measured) = 14.9 Wikg

dB
0

-3.80

-1.60

-11.40

-15.20

-15.00
0 dB = 14.9 Wkg = 11,73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1605-F008-1

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasss 43, 5004 Zurich, Switzertund

Accrodited by the Swiss Accreditation Serice (SAS)
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The Swiss Accreditation Secvice is one of the signatories 1o the EA
Muttilateral Agroemant for the recognition of calibration certificates

wowm

Schweirerischer Kalibrierdienst
Setvice sulsse d'étalonnage
Servizio svizzero di taraturn
Swiss Callbration Service

Accreditation No.: SCS 0108

ciem  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
CALIBRATION CERTIFICATE
Otect D2450V2 - SN: 965

Cabbration procedure(s)

QA CAL-05.v8

Calibraton date April 19, 2016

Calvration Eguipment used (MATE criical lor cafitvation)

Calibration procedure for dipole validation kits above 700 MHz

This colitration cemlicata documents the traceabiity o national standards, which reaiae the physical units of measurements (51)
The messurements and the uncertainties with confidence probabilty e given on the following papas and ae pant of the cenificale

Al calibrations hove been conducied in tha cosed laboratory tacility, ervinonmont lomperature (22 = 3)°C and bumidity < 70%

Primary Standards 10 & Cal Dute (Centificale No.) Schadued Calraion

Power metor NRP SN: 104778 06-Apr-16 (No, 217-02288/02289) Apr-17

Powar ssnsor NRP-291 SN 103244 06-Ape-16 (No, 217-02288) Apt17

Power sensor NRP-Z§1 SN 103245 06-Ape-16 (No. 217-02269) Ape-17

Fotarence 20 dB Altenuiior SN 5058 (20k) 05-Ape-16 (No. 217-02292) Apee1?

Typo-N miamatch combinstion SN: 5047 .2/ 08327 05-Apr-16 (No. 217-02285) Ape17

FRateronce Probe EX3I0V4 BN: 7346 31-Dec-15 (No. EX3-7H0_Dec1%) Dec-18

DAE# SN: 601 30-Doc-18 (No. DAE4-501_Dec’s) Dec-16

Secondary Standards 1D # Check Date (in houso) Schedulad Chock

Powar moter EPM-442A 5N: GB37480704 07-0c2-15 (No. 217-02222) In house check: Oct-16

Powar sensor HP 8481A SN: US37292783 07-0ct-15 (No. 2% 7-02222) In housa check: Oct-16

Powar sensor HP B481A SN MYA1092317 07-0c1-15 (Na. 217-02223) In house cheow: Oct-18

AF generator RAS SMT-00 SN: 100972 15-Jun-15 (in house chock Jun-15) In house check: Oct-16

Notwork Anatyzer HP §753E | BNC UIS37300585 18:001-01 (in house check Oct-15) In housa check: Oct-18
Name Function Synature

Calbrated by: Michasl ‘Weber Labaratory Technician // “ l

Approved by Katia Pokovie Technical Managesr

P

Issued: Aped 20, 2016

This calibration certicate snall not be reproduced except o full wahout weitten spproval of the Wboralory.
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FCC ID: ZNFK240F Report No: HCT-A-1605-F008-1
HCT CO,LTD
Calibration Laboratory of S, Schwaizerischer Kalibriardienat
Schmid & Partner — S Service suisse détalonnage
Engineering AG SN C  Servizio svizaero di taratura
Zoughausstrasse 43, BO04 Zurich, Switzerland % ,'ﬁ\\‘,v’ S Swiss Calibration Service
Acctedited by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitaterni Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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"

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 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.

e Electrical Defay; 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%.

Canificate No: 12450V2-865_Apr16 Page20f 8

F-TP22-03 (Rev.00) 190 /206 HCT Co., LTD



FCC ID: ZNFK240F

Report No: HCT-A-1605-F008-1

HCTCOLLTD
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 = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mho/m
Measured Head TSL parameters (220=02)°C 400+68% 183 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 127 Whg
SAR for nominal Head TSL paramelers normalzed to TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 W/kg
SAR for nominal Head TSL parametars normalized 1o 1W 23.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations wese applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20C 52.7 1.95 mho/m
Measured Body TSL parameters (220+02)"C 527 28% 1.98 mho/m = 6 %
Body TSL temperature change during test <05"C — e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input pawet 124 Wikg
SAR for nominal Body TSL parametars normalized to 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wy
SAR for nominal Body TSL parameters nommalized to TW 23.0 Wikg = 16,5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 546101+38)Q
FAeturn Loss -248dB

Antenna Parameters with Body TSL

\mpedance, transtormed to feed point 51.0Q+59(Q
Aetum Loss -24508

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1162 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 cabie. The center conductor of the feeding line is directly connected to the
second arm of the dipote. The antenna is therefore short-circuited for DC-signals. On some of the dipoies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
“Maasurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipoie length is still
according to the Standard,

Na excessive lorce must be applled 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be darmaged.

Additional EUT Data

Manutactured by SPEAG
Manutactured on November 19, 2014
Contificate No: D2450V2-885_Aprié Paged ol B
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DASYS5 Validation Report for Head TSL

Date: 19.04.2016
Fest 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 = 183 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
o Probe: EX3DV4 - SN7349; ConvFi7.76, 7.76, 7.76); Calibrated: 31,12.2015;
o  Sensor-Surface: 1 4mm (Mechanical Surface Detection)
» Elcctronics: DAE4 Sn601:; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Senal: 1001

o DASYS252.8.8(1258), SEMCAD X 14.6,1(0(7372)

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

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

Peak SAR (extrapolated) = 25.6 W/kg

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

Maximum value of SAR (measured) = 20.7 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0 dB =207 W/kg = 13.16 dBW/ke
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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: 965

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

Medium parameters used: [ = 2450 MHz; 0 = 1,98 S/m; &= 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349: ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30,12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

DASY52 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=5Smm, dz=5mm

Reference Value = 104.7 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 24.7 Wikg

SAR(I g) = 12,4 W/kg: SAR(10 g) = 5.78 W/kg

Maximum vilue of SAR (measured) = 20.0 W/ikg

dB
0

-5.00

-10.00

-15.00

-20.00

-25.00

0.dB = 20.0 Wk = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizeriacher Katibrierdienst
Schmid & Partner —— Service suisse d'étalonnage
Engineering AG %f_ = Servizio svizzero dl tarnturs
Zoughausstrasse 43. BODM Zurich, Switzertand ’v.,,ﬁ y‘ Swiss Calibration Service
iyl

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

Cliomt

HCT (Dymstec)

Cartificate No: D2600V2-1106_Feb16

CALIBRATION CERTIFICATE

Obyoct

Calraton procoedine(s)

Calvabon date

D2600V2 - SN: 1106

QA CAL-05.v9

Fabruary 18, 2016

Caiveation Equipment used (METE critical Tor calibention)

This caidration certilicale documants the tracsabiity 1o national standardy, which realize the physicod units of measurements (S1)
The muasiremants and the uncertanties with confidence probability are given on tha Sollowing pages and are pan of the centicate

All catbrations have bean conduciad In the cosad labamioey facility: anveonment lemperaiure (22 + 3)°C and humidity < 70%.

This casbration cartificate shal not be reproduced except i full without writtan approvil of the laboratoty,

Primary dards D Cal Date {Cantficate No ) Seheduied Calibeation

Power meter EPM-442A GRIT4R0704 07-0c15 (No. 217-02222) x1-16

Power sensor HP B481A USaraae7as 07.0ct-15 (No. 21702222) Oct18

Power sensor HP 84814 MY41092m7 07-Oct-15 (No. 217-02223) Oct-18

Reterence 20 dB Atlenuutor SN: 5058 {20K) O1-Apr15 (No. 217-0213y) Mas-16

Type-N mismatch combination SN: 50472 7 06327 03:-Apr-15 (No. 217-02134) Mas-16

Ratorwnoe Probe EX3DV4 SN: 7340 31-Dec-15 (No. EX3-7349 Dec15) Dec-186

DAE4 SN a0 30-Doc-15 (No. DAEL401_Dec15) Deoc-16

Sacondary Standards 10 ¥ Check Date (n housa) Scheduled Chack

RF generator RAS SMT-08 100872 15-Jun-15 (0 house check Jun-15) in house check: Jun-18

Notwork Anplyror HP 87538 USS7390585 54206 180101 (in houseo check Oct-15) In house chock: Oca-18
Name Function

Calibrsted by Claudio Laublos Laboratory Tachnicisn

Approved by Katja Pokovic - Technical Manager % @/;

lssuod: Februnry 10, 2016
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Calibration Laboratory of L, Schwebzert rlerdionst
Schmid & Partner = D e wl::::'::l:lmqo

Engineering AG % C . Servisio evizaero o1 tarsters
Zoughausstrasse 43, 8004 Zurich, Switzerland R S Swiss Calibration Service
Accreditod by Ihe Swiss Accroditation Senvice {SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multitateral 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) |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

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

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

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

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

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

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

Centificate No: D2600V2-1106_Feb16 Page2ol 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Aavanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Froquency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho/m
Measured Head TSL parameters (220+0.2)°C 381:26% 2.01 mho/m =6 %
Head TSL temperature change during test <05°C - —_
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.0 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

55,1 Wikg = 17.0 % (k=2)

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

condition

SAR measured 250 mW input power 519 Wiy

SAR for nominal Head TSL parameters normatized to 1W 24.5 Wikg = 16.5 % (k=2)
Body TSL parameters

The following parameters and calculations ware applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220%C 525 2.16 mho/m

Measured Body TSL parameters (220+02)°C 52526% 218 mhom = 6 %

Body TSL temperature change during test <05°'C —ee .
SAR result with Body TSL

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

SAH measured 250 mW input power 13.4 Wikg

SAR for nominal Body TSL parameters normalized 10 1W 53.4 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5,94 Wikg

SAR for nominal Body TSL parameters normalized to 1W 23.7 Wikg = 16.5 % (k=2)

Cenificate No; D2E00V2-1106_Feb16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed polm 4850-730
Hetumn Loss «227 08B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 44BQ-60/
Retumn Loss -215d8

General Antenna Parameters and Design

LElochical Dalay (one direction) ] 1.150 ns _]

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

The dipole i made of standard semiriged coaxial cable. The center conductar of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded acoording to the position as oxplained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 18. 2015
Certificate No: D2600V2-1106_Feb1s Page40f8
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DASYS5 Validation Report for Head TSL

Test Labormtory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: [ = 2600 MHz;, 0 = 2.01 S/m; g.=38.1; p = 1000 kg_'/mI
Phantom section: Flat Section

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

DASY352 Configuration:

Date; 18.02.2016

Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49); 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 gnd: dx=Smm, dy=5Smm, dz=5mm
Reference Value = 113.4 V/m: Power Drift = 0.04 dB
Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.19 W/kg
Maximum valoe of SAR (measured) = 23,1 W/kg

Cartificate No: D2600V2-1106_Feb16 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.02,2016
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: { = 2600 MHz: 6 = 2,18 §/m; & = 52.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12.2015;
« Sensor-Surface: 1 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn60)1; Calibrated: 30.12.2015
¢ Phantom: Flat Phantom 3.0 (back). Type: QDOOOPSOAA; Serial: 1002

« DASYS52 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=Smm, dz=5mm

Reference Value = 14,1 V/m: Power Drift =0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(I g) = 13.4 W/kg: SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 21.2 W/kg

dB
0

-4.82
-9.64
-14.46
-19.28

-24.10

0dB =212 W/kg = 1326 dBW/kg

Centificate No: D2600V2-1106_Feb16 Page 7ot B8
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1900 2 450 -2 700
Tissue Type Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 44.9 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 44.92 29.44 7.99 26.7
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)
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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.

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

5 3903 |EX3DV4 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 [EX3DV4 | Head | 835 | 4d165 | 2015.12.01 40.8 0.89 PASS PASS | PASS | N/A | N/A | N/A
2 1609 [ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS PASS | PASS |[GMSK|PASS | N/A
2 1609 [ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS |[GMSK|PASS | N/A
5 3903 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS | N/A | N/A | N/A
2 1609 [ET3DV6 | Body |1800| 2d006 | 2016.04.05 53.5 1.48 PASS PASS | PASS |[GMSK|PASS | N/A
2 1609 [ET3DV6 | Body |1800| 2d006 | 2016.04.05 53.5 1.48 PASS PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS |[GMSK|PASS | N/A
2 1609 [ET3DV6 | Body |1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS |[GMSK|PASS | N/A
12 | 7370 [EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS | N/A | N/A | N/A
8 3967 |EX3DV4 | Head [2450| 965 |2016.05.02 39.1 1.78 PASS PASS | PASS |[OFDM| N/A |PASS
8 3967 [EX3DV4 | Body [2450| 965 |2016.05.03 52.4 1.96 PASS PASS | PASS |[OFDM| N/A |PASS
8 3967 |EX3DV4 | Head [2600| 1106 |2016.03.07 39.2 1.94 PASS PASS | PASS | N/A | N/A | N/A
9 3967 [EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 2.12 PASS PASS | PASS | N/A | N/A | N/A

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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