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Schmid & Partner SS g s
Engineering AG g Sarvizio svizzoro & taratura
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Accradited by the Swiss Accraditation Sewvice (SAS) Accreditation No,: SCS 0108

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

Multitaternl Agreament for the rcognition of calibration certificates 5

Glossary:

TSL tissue simulating liquid

NORMx,yz sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pece diode compression paint

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

A.BCD modulation depandent linearization parameters

Polarization ¢ p rotation around probe axis

Polarzation & 4 rotation around an axis that is in the plane normal to probe axis {al measurement center),

e, B =0i1s normal to probe axis
Connector Angle information used in DASY system 1o 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 Wiretess Communications Devices: Measurement
Techniques”, June 2013

b) |EC 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

¢} |EC 62200-2, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human bedy (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 8565664, ‘SAR Measurement Requirements for 100 MHz 10 6 GHz"

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

e NORM{Nx.y.z = NORMx,y,z * frequency respanse (see Frequency Response Chart). This lingarization is
imptemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF,

« DCPx,y.z: DCP are numerical inearization parameters assassed 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 |s not calibrated but determined based on the signal
characteristics

o Axy.z Bxyz Cxyz Dxy.z VRxyz A 8, C, D are numerical linearization parameters assessed based on
tha data of power sweep for specific modulation signal. The paramaters do not depend on frequency nor
meda. VR is the maximum cafibration range expressed in RMS vollage across the diode.

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

« Spherical isofropy (30 dewviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a patch antenna

« Sensor Offset: The sensor offset corresponds to the offset of vitual measurement canter from the probe tip
{on peobe axis), No tolerance required,

« Caonnector Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncertzinty required).

Cermficate No, ET3-1630_Febt? Page 20of 11
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HCTCO,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

ET3IDVE- SN:1630

February 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Basic Calibration Parameters

Sansor X Sensor ¥ SensorZ Unc (k=2) |
Norm (pVAVIm)')" 1.73 1.4 1.47 +101% |
| DCP (mV)” . 99.2 95.4 100.3
Modulation Calibration Parameters )
uio c ication System Name A B c o VR Unc"
d8 | dBvjuv d8 mv (k=2)
a oW X |00 0.0 10 | 000 | 2424 | +33% |
Y| oo 0.0 1.0 2348 ]
2| o0 | ap 1.0 228 1

probability of approximately 95%

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

* The uncettanties of Noem X.¥,Z 00 not affect the E*-flakd urcertarty inside TSL (see Pages 5 and &)

¥ Numerical insarization parameter; uncertainty not required

¥ Uncertainty is determined using the max deviation from inesr response applying rectanguiar astritution and is expressed for the sguare of the

taid value
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HCTCO,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

ET3DVE- SN:1830

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Head Tissue Simulating Media

Februaty 27, 2017

$ Relative | Conductivity \ < “Depth ® Unc

1(MHZ)® | Permittivity (S/m) ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 7.74 7.74 7.74 0.63 186 | +120%
835 415 0.90 7.26 1.26 7.26 0.72 175 | +120%
800 41.5 0.97 707 7.07 7.07 0.38 240 | $120%
1450 40.5 1.20 617 817 617 0.72 1.97 £120%
1750 401 1.37 5.91 5.91 5.91 0.71 211 +12.0%
1900 400 1.40 5.65 555 5.85 0.74 218 | £120%

© Frequency validty above 300 MHz of = 100 MEz only appliss for DASY v4.4 and highe! (see Page 25, else il is restriclod 10 = 80 MHz. The

unceriainty s the RSS of the Comv® uncertainty at cakbrabon frequency and the uncedainty for e indicated freguancy band. Frequency vaddty
below 300 MHE is £ 10, 25, 40, 50 and 70 MHz for CornF assessments at 30, 64, 128, 150 ang 220 MHz raspectively. Above 5 GHz frequency
valkoity can ba axtensdod fo £ 110 Mz

" At frequencies below 3 GHz, the valdity of tissue paramosers (i and ) can be retaxed (o £ 10% ¥ lgud compensason fommuia s applied to

Maasurac SAR values. Al frequences aboye 3 GHz, the validity of tlissus paramaters (¢ 3nd o) @ restncted (o 4 5%. The uncadainty is he RSS of
tha CanvF uncestairty for indicated target
¥ Alpha/Depth are determined during calibration. SPEAG warmrants that the remaining deviation due 10 ihe boundary effect afler compensation is

abways legs than & 1% for frequencies below 3 GHz and below = 2% foc froguancies between 3-6 GHz at any Gstance larger than hat the protie to

dameter fom the boundary

{iss08 parameters

Cartflicate No: ET3-1630_Febt?
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HCTCO,LTD.

ET3DVE- SN:1630 Fabruary 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Body Tissue Simulating Media

= Refative | Conductivity [ n Depth © Unc
f(MHz)® | Permittivity (S!m) ConvF X | ConvEY | ConvFZ | Alpha® | (mm) (k=2)
750 | 55.5 0.96 691 | &9, 6.91 0.58 1.85 +12.0%
835 55.2 0.87 6.73 673 | 6.73 0.61 1.83 +£120%
1750 534 | 149 528 528 528 | 080 | 244 | 2120% |
1900 533 1.52 507 5.07 507 | 080 | 245 | $120%

© Frequancy vaidity above 300 Méz of £ 100 MHz only applias for DASY v 4 and higher (soe Page 7). else 2 & restrcted o + 50 MHZ The
uncantainty s the RSS of the ConvFF uncenanty at calityation Sequency and the uncertarty for the ndicaled frequency bend. Fraquency vaidty
baricrw 300 Mz i = 10, 26, 40, 50 snd 70 MHz for ConvF assessmants at 30, 664, 128, 150 and 220 MHE respectively. Abova 5 GHz freguency
validity zan be extendad o £ 110 MHz

" At frequancies below 3 GHz, the validity of tssue parameters (x snd o} can ba relaed fo £ 10% if iquid compensation formua $ sopled to
measured SAR values At requencies above 3 GHz. the valkifty of tissue parameters (v 4nd o) is 1esicied o = 5%, The uncertainty is the RSS of
the Cord™ uncenainty for indcated target hssue parameders

* Apha'Depth e detarminad daring n. SPEAG ants et e remaning dovaton due to he bourdary alfect sfar compeansation &
Shways less than 2 1% for fequencies balow 3 GHz and below + 2% for Meguencies botween 3.8 GMz at any distance ksger Man half the probe tp
diameter from the boundary.
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HCTCO.,LTD.
ET3DV6-SN:1630 Febiruary 27, 2017
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: & §.3% (k=2)
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FCC ID: ZNFM700F
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Report No: HCT-A-1706-F005-1

ET3DVE~ SN: 1630 February 27, 2077

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment; £ 0.5% (k=2}
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1
HCTCO, LTD.

ETIOVEG- SN:1630 February 27, 2017
Dynamic Range f(SAR}cad)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

ETIOVE- SNI1630

February 27, 2017
Conversion Factor Assessment

f = B35 MH2Z WGLS RS (H_conm)

f= 1800 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,,LTD.

ETIOVE- SN:1620 Febrsary 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Other Probe Parameters

[ Sensar Arangement 3 Triangular |
Cannector Angle (*) 1288 |
| Mechanical Surface Detection Mode anabled |
Oplical Surface Detection Mode T disabled |
Probe Overall Length 337 mm
“Probe Body Diameter [ 10 mm
“Tip Length 10 mm
Tip Diameter 1 6.8 mm
Probe Tip to Sensor X Calbration Point T 27mm |
"Probe Tip to Sansor Y Calibeation Point 27 mm |
"Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measuremant Distance from Surface 4mm
Certificate No: ET3-1630_Fab17 Page 11 of 11
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FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO,LTD.
Calibration Laboratory of s oy Sthwatzarischer Kallbeierdieist
Schmid & Partner = “ g Sarvica suksse d'dtalonnage
Engineering AG L g Servizio svizzero di taratura
Zoughsusstrasse 4, 8004 Zurich, Switzerland @ \“,, Swiss Calibration Servics

Accrodifed by the Swiss Accreditaton Service (EAS)
The Swiss Accreditation Service is one of the signataries to the EA
Multilateral Agreemant for the recognition of callbration certificates

Calibration procedureis)

Calbramon date

This calibration cedtificate

Accreditation No.: SCS 0108

the traceabilty to

The measurements and the uncertaintes with canfidencs probability sre gven on the following pages and are part of the certificale.

At calibrations have beon canducted in the closed laboentory faciiRy. anvironment tempanature (22 = 3)°C and humidity < 70%

Calibeation Equoment used (MATE critical for calibration)

| standards, which realze the physical unts of maasuraments ($1),

Primary Standaos 0 Cal Date (Certificate No ) Scheduled Calitration

Power metsr NRP SN 104778 06-Ape-18 (No. 217-022682289) AprA7

Pawer ssnso NRP-291 SN 103244 06-Apr-18 (No_ 217-02268) Apr1?

Paowar sansct NRP-Z91 4N 03245 06-Apr-18 (No. 217-02289) Ape-17

e 20 05 Alterumtor | SN: S8277 (20x) 05-Apr-18 (Na. 217-02293) Apr17

Reference Probe ES30V2 SN; 3013 31-Dec-15 {No_ ES3-3013 Dec15) Dec-18

DAES SN 660 23-Dac-15 (No, DAE4-560_Dects) Dec-18

Secondary Standanss 10 Check Date (in Mml] Scheculed Check

Power metes E44198 SN GB41293874 08-Apr-16 {in howss chieck Jun- 18] in house check: Jun-16

Power sensar EA12A SN: MY41458087 08-Apr-18 (in house check Jun-16] in mmww

Power sensct E4412A SN 000110210 0B-Ape-16 [in bousa check Jun-18) In house check: Jun-18

RF g HP 86480 SN US3842001700 04-Aug-89 (ins house chack Jun-16) In house check: Jun-18

Network Analyzer HP 87538 SN US37T90588 18-0¢1-01 (4 house check Oct-15) in house check: Oct-16
Name

Aporoved by:

This calibration cortificate shall not be reproduced sxcepl i full wihoot wrsten approval af the taboratory.

Cartificate No: ET3-1605_Jul16
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HCTCO,,LTD.
Calibration Laboratory of S, e o Ml ite
P
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG b =8 g Servisiosvizzero di tarstura
Zeughaussirasss 43, 8004 Zurich, Switzerand K RS & Swiss Callbration Service
el b
Accredited by Ine Swiss Accreditation Service (SAS) Accreditastion No.: SCS 0108

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

Multilateral Ags for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

A.B.C.D modulation dependent linearization parametors

Polarization ¢ i totation around probe axis

Polarzation % 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
lLe., 8 =0is normal o probe axis

Connector Angle Information used in DASY system 1o afign probe sensor X to the robol coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 82208-1, "Procedurs 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 622092, “Procedurs 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 885664, "SAR Measurement Requirements for 100 MHz to 6 GHzZ"

Methods Applied and Interpretation of Parameters:

»  NORMx,y.z: Assessed for E-field polarization 4 = 0 (f < 900 MMz in TEM-ced, > 1800 MHz: R22 waveguide),
NORMYx y.z are only intermediate values, i.e., the uncertainties of NORMx,y.z does nat affect the E”-field
uncertainty inside TSL (see below ConvF).

«  NORM(Ox.y.z = NORMxy.z * frequency_response [see Frequency Response Chart). This linearization is
implemantad in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

« PAR:PAR is the Paak to Average Ratio that is nat calibrated but determined based on the signal
characteristics

e Axyz Bry.z Cxy.z; Dxy.z VRxyz A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the dicde.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for f > 800 MHz. The same setups are usad for assessmant of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx.y,z * CanvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandant
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 & fiat phantom
exposed by a patch antanna.

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

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

Certificate No: ET3-1605_Jul16 Page Zof 11
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Manufactured:  July 27, 2001
Calibrated: July 29, 2016
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HCTCO,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

ETIDVE-- SN:1605

July 26, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

| Sensor X Sansor Y Sensaor Z Une (k=2)
| Norm (uVi(Vim)") 146 1.83 155 +101 %
| BCP (mV)" 100.9 99,5 990.3
Modulation Calibration Parameters
uio Communication System Name A B [ D VR Unc"
de dBVuv dB8 mvV (k=2)
0 cw X 0.0 0.0 1.0 000 | 2182 | 438 %
| Y 00 0.0 1.0 2325
Z 0.0 0.0 1.0 210.7

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 The uncartainties of Norm XY 2 da not affect the E7-fisld uncertainty inside TSL (ssa Pages 5 and 6)

" Numencal ineanzation paramater: uncerainty not required

& Uncartainty is determined usng the max. deviabon from inear respanse applying réctangular gistnbution and & axpressed for the squane of the

finid value

Cartdicate No: ET3-1605_Jul16
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HCTCO,LTD.

ETIDVE- SN:1605 July 29, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHZ)® | Permittivity”™ | (Sfm)* ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.96 .96 6.96 0.32 2.81 £120%
835 415 0.90 6.60 6.60 6.60 0.35 280 | £120%
800 41.5 0.97 5.50 6.50 6.50 0.31 284 | £120%
1450 40.5 1.20 5.64 5.64 564 0.48 260 | +120%
1750 40.1 1.37 537 537 5.37 0.72 215 | +120%
1800 40.0 1.40 518 | 518 518 | 080 | 208 | £120%
1950 40.0 1.40 5.03 5.03 5.03 0.80 210 | £120%
2300 395 1.67 479 4.79 478 0.80 205 | =£120%

 Fraguency validity above 300 MHz of + 100 MHz only applies for DASY w4 4 and higher {see Page 2), eise it is restricted to £ 50 MHz. The
unceriainty is the RSS of the ConvF uncertainty st caibeation fraquency and the uncertainty for the indcated frequency band. Fréquency vascity
betow 300 MH2 in = 10 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHx respecsvaly. Above 5 GHZ requency
valdity can be extended to + 110 MHz,

' A froquencies befow 3 Ghz. the validity of tissus parameters (¢ a0d ) can ba rasned to + 10% # tgud waton formuls is sppied to
maasurad SAR values. Al frequencies above 3 Gilz, the validity of ssue paramaters [ ard o) 8 restrcted 1o+ 5% The uncenainty is the RES of
tha CanvF uncertainty for indcated targst issue paramelers

' AlphaDepth are determined during calbation, SPEAG warrants that the remsaining doviation due to the boundary effect after compecsstion is
ahways less than £ 1% fore frequencies balow 3 GHz and delow + 2% for frequencies between 14 GHz at any distance larger than ha¥ the probe to
dasmetar from the boundary
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ha- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO,LTD.

ET3DVE~ SN: 1605 July 29, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth® Unc

f(MHz)® | Permittivity” |  (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6,55 6.55 8.55 p39 | 228 +12.0%
gas | 55.2 0.97 642 | 642 6.42 042 223 | £120%
1750 53.4 1.49 4,79 4.79 479 0.80 2.39 £120%
1900 53.3 1.52 4.55 4,55 455 0.80 246 | 2120%

* Fraouency validity sbove 300 MHz of + 100 MHz only applies far DASY v4.4 and higher fses Page 2), efse il is restrictad to + 50 MHz. Tha
uncartanty is the RSS of the ConvF uncenanty ot calibration frequency and the uncenainty for e indcsted frequency band. Froquency validity
below 300 MHz is = 10, 25, 20, 80 and 70 MMz for CanvF nssessments at 30, 64, 128, 150 and 220 MHz respecsvely. Above 5 GHz frequency
validrty can be extented to £ 110 Mz,

" Al trequancias beiow 3 GHz, the validity of tssue parameters (c and o) can be retansd 10 & 10% # bouid compensation formula (5 appied 1o
measured SAR values. At frequancies sbove 3 GHz, ihe validity of tesue parametars (s and o) i restncted to + 5% Tha uncertainty is the RSS of
the Canvf® uncenainty for indcated target ssue parameters.

' AlphaDapth sre datermined during catbraton, SPEAG warants that the remaining deviatian due to the boundary effect aflar compensation s
aways jees than = 1% for frequencies bolow 3 GHz and belaw ¢ 2% for frequences between 3-8 GHz al any dislance larger than hat the probe tp
dametar from the boundary

Certificate No: ET3-1605_Jul1é Page 6 af 11
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HCTCO.,LTD.
ET3DV6- SN.160S July 26, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO, LTD.

ETI0VE- SN:160S July 29, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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HCTCO,,LTD.

FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

ET30OVE- SN 1805

Signal [wv]

Input

Error [08]

July 29, 2016

Dynamic Range f(SAR}.aq4)

(TEM cell , fova= 1900 MHZ)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,,LTD.
ET3DVE~ SN1605 July 29, 2016
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comf) [ = 1900 MHz WGLS R22 (H_convF)
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L] L] » | x = Y »n . o 4 "0 " x > 0 - -
aiom) zlon]
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
<10 <08 06 -04 02 00 02 04 0s 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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HCTCO,LTD.

ETIDVG- SN:1605 July 20, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters

Sansor Arrangement [ Triangulas
Connector Angle (") \ 588
| Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode dsabled |
“Probe Overall Length 1 T 337Tmm|
Probe Body Diamster 10mm |
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Paint 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point ' 2.7 mm
Recommended Measurement Distance from Surace 4 mm
Certificate No: ET3-1605_Jul16 Page 11 of 11
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HCTCO,,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughaussirasse 43, 3004 Zurich, Switzerland

Acctedied y the Swise Accraditation Servce (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatersd Agreement for the recognition of calibration certificates

Tha amt the

This callbration canficate documents the aceabiity 0 national standards, wihich realze the

wath conds

v

‘l

dm

All cait have been

1 the ciosad lab

Caltwuton Equioment Lsed (MATE cracal for calibration)

y faciity. erm

24

units of (Sh)
iy are givan on the lollowing pages and are part of e cenificatn

mure (22 = 3)°C and humidity < 70%

Thia calération certificate shul nol be reproduced sxcapt in full withaut wiitten app

Primiry Stanaants o Cal Date (Certificate No.) Schedulsd Calibration
Pawer meter NRP SN 104778 Of-Apr-18 (No. 217-02268/2238) Apr-17
Power sensor NRP-291 SN 103244 06 Apr-16 (No. 217-02268) Ape-17
Power senscr NAP-291 SN 103245 06-Apr-16 (No. 217-02269) Ape-17
2 20 0B Aftermtor | SN: 86277 (200) 05-Apr-16 (No. 217-02263) Ape-17
e Probe ESIOV2 SN 3013 31-Dac-15 (No. ES3-3013_Dec15) Dac-16
DAE4 SN 660 23 Dec-15 (No. DAES-660_Dec15) Dac-18
Standavos i Check Dals [in house] Schecued Ghack
Power mater E44196 SN GB41293874 06-Apr-16 (in house chick Jun-16) In housa chedc Jun-18
Power sersor E4412A SN MY41290087 0B-Apr-16 [in houss chack Jun-16] In house chack: Jun18
Poawer sensor E4412A SN: 000110210 06-Apr-15 (in house chack Jur-16) n house chadc Jun-18
I geoarnor HP HE4HC SN USIB42U01700 (4-Aug-59 {In hotme chack Jun-16] In house check. Jun-18
Network Analyzer HP B7S3E | SN USI7380585 18-D1-01 (i howsa chack Oct-16) In house check: Oct-17
Calltrated by:
Approved by

Issuad November 26, 2016

| of the lsbaratory

Centificate No; EX3-3797_Nov16
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hC'- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO,,LTD.

Callbfatlon Laboratory of S  Schweizerischer Kalibrierdianat

Schmid & Partner c Service sutsse &' dilonnags
Engineering AG Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland 8 siise Callbrasion Service

Accredied by the Swiss Accredzation Sarvice (SAS) Accreditation No.; SCS 0108

The Swiss Accraditation Service s one of thw signatories to the EA

Multilateral Ag for the recognition of calibration certificates

Glossary:

TSL tisaue simulating bquid

NORMx,y,z sensitivity In free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode comprassion point

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

A B CD modulation dependent linearfzation parameters

Polarization ¢ i rotation around probe axis

Polarization 3§ A rotation around an axis that s in the plane normal to probe axis (st measurement center),

l.e,, 4 = 0is normal to probe axis

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

b) |EC 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

¢} |EC 62209-2, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used In close proximity ta the human body (frequency range of 30 MMz to 6 GHz)", March 2010

d) KOB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

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

NORM(f)x.y,z = NORMX,y.2 * froquency_response (see Frequency Response Chart). This inearization Is
implemanted in DASY4 software versions Iater than 4,2. The uncertainty of the frequency response is included
in the statad uncartainty of ConvF,

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

PAR: PAR |s the Peak to Average Ratio thal i not calibrated but determined based on the signal
characteristics

Axy.z; Bry.z Cxy.z Oxy.2 VRxy.z A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field dstributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters appbed 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
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and highes which allows extending the validity from £ 50 MHz o + 100
MHz.

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

Sensor Offset. The sensor offset correspands to the offset of virtual measursment center from the probe tip
{on probe axis). No tolerance required.

Connoctor Angle. The angle is assessed using the Information gained by determining the NORMx (no
uncertainty required)

Certificate No! EX3-3797 _Nov16 Page 2 of 11
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HCTCO,,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EX30DV4 - SN-3797

Novemnber 25, 2016

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 25, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No. EX3-3797_Nov10 Pagedot 11
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ha- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO,LTD.

EX30V4- SN:3T97 November 25, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
Noem (uVAVIm)y" _0.60 0.56 | 0.55 | =101 %
DCP (mv)" 97.9 97.7 97.2 |
Modulation Calibration Parameters
uiD Communication System Name A 8 c ) VR Unc~ |
dB dBvuV d8 mV {k=2)
0 cwW X | 00 0.0 10 | 000 | 1332 | *35% |
Y| 00 00 1.0 | 1485
z | oo 00 | 10 | 1468 |

The reported uncentainty 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 uncenakihes of Nom X.Y,Z do not aftect the £ -fiskl uncertairty meside TSL (see Pages 5 and 8)

* Numencal lineanzation perameter: uncenainty not required

. Uncertainty 1= dateeminad using the max. deviation from linese resporse spelying rectangular SsUoulion and & mpressed far the sguare of the
feld vahio

Centificate No: EX3-3797_Nov1d Page 4 of 11
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HCTCO,LTD.

EX30Va- SN.3Ta7 Navembar 25, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unc

f(MHz)" | Permittivity" {Sim)" ConvF X | ConvF Y | ConveZ | Alpha® | {mm) (¥=2)
150 52.3 0.76 11.89 11.99 11,99 0.00 100 | £13.3%
300 453 0.87 11.04 11.04 11.04 0.10 125 | 2133%
450 435 0.87 1036 10.35 1036 | 015 125 | +133%
750 419 0.88 9,66 9,86 9.66 0.44 088 | £120%
835 415 0.90 933 9.33 9.33 0.33 101 | $120%
900 415 0.87 9.17 917 9.17 0.48 080 | £120% |
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | £120%
1750 40.1 1.37 8.03 8.03 8.03 0.32 080 | £120%
1900 40.0 1.40 7.78 778 7.79 0.20 080 | £120%
2300 39.5 1.67 7.50 7.50 7.50 036 | 080 | +120%
2450 39.2 1.80 7.21 7.21 7.2% 0.39 0.80 | £120%
2600 39.0 1.98 6.97 .97 6.97 0.40 083 | +120% |
5250 359 4T 506 5.06 5.06 0.35 180 | £131%
5600 35.5 5.07 462 462 4.62 0.40 180 | =£131%
5750 354 5.22 4.76 4.78 4.76 0.40 180 | +131%

© Frequancy vaidity 8bove 300 MHz of + 100 MHz only apphes for DASY vd 4 and tigher (sae Page 2). else f is restricted to £ 50 MHz The
unceniinty is the RSS of the Comyf uncertainty &t caibvation frequency and the uncerainty for the indicated frequancy band. Frequancy validiy
beabow 00 Midz = ¢ 10, 26, 40, 50 and 70 MHz for ConyF assessments at 30, 64, 128, 150 and 220 MHz respectivaly. Above 8§ GHz frequency
validity can be exsended to = 110 MHz,

' At frequancias badow 3 GHz. the validity of tisus pacamelecs (c #nd o) can be miaxed fo £ 10% if liguid comp Hon 1 43 & apphed 10
moasured SAR values Al feauencies above 3 GHz, the validity of tasue {e and a) ts 10 = 5%. The uncertainly is the RSS of
the Cornd™ uncertainty for indcaind target issue paramesers.

S AphaiDepth are delerminad during calibrafion. SPEAG warrants that e remaining deviaton doe o the boundery sffect Mer compansation &
alweys l6ss than + 1% for frequoncies below 3 GHz and below + 2% for frequencies betwaon 3.6 GHz st eny distance lasger than hall tha probe tip
diametar from the boundary

Ceificats No: EX3-3797_Nov1 Page 5 of 11
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HCTCO,LTD.

FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EX30VA- SN:3797

November 25, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

— Rﬂ-uvp ) Conducu'vny ' e Depth® u-.rc ‘

)¢ | Permittivity (Stm)* | ConvFX | ConvFY | ConvFZ | Apha® | (mm) (k=2)
150 61.9 0.80 11.38 11.38 11.38 | 000 1.00 | £133%
300 58.2 0.2 11.02 11.02 1102 | 005 1.5 | £13.3%
450 56.7 0.94 10.70 10.70 1070 | 008 115 | 2133 %
750 55.5 0.96 9.60 9.60 9.60 050 | 080 [ £120%
B35 552 0.97 942 9.42 9.42 0.44 080 | £120% |
1750 534 149 | 778 7.75 7.75 0.34 093 | £120%
1800 533 1.52 7.45 745 7.45 0.41 080 | =120%
2450 52.7 1.85 7.19 7.18 7.9 0.42 080 | #120%
2600 52.5 216 6.94 6.94 6.94 0.32 080 | £120%
5250 489 5.36 4.43 443 443 045 190 | #131%
5600 485 577 393 | 393 | 393 | os0 | 190 | s131% |
5750 483 504 | 419 419 4.19 0.50 1.90 | £131%

® Frequancy vaddity abova 300 MHz of 2 100 MHz only apphias for DASY vd 4 and higher (sse Page 2) sise # s restrcted to £ SOMHE The
uncentainty Is the RES of the Comv uncenanty at calibrtion fnequency and the uncertaity for the ndicated frequency band. Freguancy validity
baiaw 300 Mizz = + 10, 25, 40, 50 8nd 70 MHz for CanvF assaasmecss at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 (GHz frequency

valldity can be extendad (0 + 110 MHz.

" At freguancies betow 3 Giz. the yalitity of Tses parametarns (c and o) can be refaned 10 + 10% If g campansation formuls & appliad to
mmasured SAR values. Al frequancies abave 3 GHz, fhe validity of tiosue paramedars {r and o) 18 sesticled 10 = 5%, The uncertainty is the RSS of
the Coend™ uncanainty for indicaded target bssue parameters
= Apha'Depth are determingd dufing calitation. SPEAG warmrants that the remaning 0sviaton due to the boundary affect after compensation &
Always less than ¢ 1% for Fequencies balow 3 GHz and below + 2% for fequencies betwean 34 GMz at any distance karger than half the probe tip
diamueter from the boundary.
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HCTCO.,LTD.
EX3DVA- SN:3797 November 25, 216
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EX30Va- SN:3707

Receiving Pattern (¢), 3 = 0°

November 25, 2016
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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HCTCO,,LTD.

EX3DV4- SN:3T707 Novamber 25, 2016

Dynamic Range f(SAR}caq)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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FCC ID: ZNFM700F
HCTCO,,LTD.

Report No: HCT-A-1706-F005-1

EX30V4- SN:3TaY Novemnber 25, 2016

Conversion Factor Assessment

{ = 835 MHz WGLS RO (H_convF) 1= 1900 MMz WGLS R22 (H_convF)
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Uncertainty of Spherlcal Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,,LTD.

EX3DV4- SN:3797 Navember 25, 2016

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

Other Probe Parameters

["Sensor Arrangement Trianguiar
[ Cannector Angle () T B89
Mechanical Surface Detection Mode - “enabled
“Optical Surface Datection Mode disabled

Probe Overall Length | T 337 mm |

Probe Body Diameter | 10 mm |

Tip Length . amm
[Tip Diameter 2.5mm

Probe Tip to Sensor X Galibration Point 1 mm
"Probe Tip to Sensor Y Calibration Paint i T 1mm |
“Probe Tip to Sensor Z Calibration Point 1mm
| Recommended Measurament Distance from Surface 14mm
Cartificate Na: EX3-3797_Nov16 Page 11 of 11
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HCTCO,,LTD.
Calibration Laboratory of PR, SRS
Schmid & Partner \\‘{//" G Service suisse détalonnage
Engineering AG T g Servisio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerlend %/,a Swiss Calibration Service
Acorediad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multliaterat Agroement for the recognition of callbration certificates

Calibration date:

This catbeation cemficats documants the troceabiity to naficeal standeeds, wiich reahize the physical units of messwemonts (51)
The ts ond (e s wiih confic peobabiity are givan on tha following pages and are pant of the certificarie.

All calbrations have been conducted In i clossd dorstony faclity, snvrorment tnmperatios (22 £ 3)°C and humidity < 70%.

Calbraton Equipment used (MATE ritical foe calibration)

Primary Standarc L4 Cal Date (Camificate No | Scheduled Calitration
Power meter NRP SN: 1778 08-Apr-16 (No. 217-0228812289) Ape17
Powar sensor NRP.281 SN 103244 0B-Apr-18 {No. 217-02288) Ape-17
Powar sansor NRP-Z31 SN 103245 06-Apr-18 (No. 21702289) Ape-17
Rah 20 B A SN S5277 (20m) Q5-Apr-18 (No. 217-02283) Agr-17
Prabe ESIDNV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16
| DAE4 SN 660 23-Dac-18 (No. DAE4-E60_Dect5) Dec-18
Secondary Stancands 0 Check Date (n house) Schedukd Check
Power motar E44108 SH: GBA1293674 05-Agr-16 {in house chedk Jun-16) In house chack: Jun-18
Pawar sensor E4412A SN MY4 1486087 05-Aar-18 {in house check Jun-18) In houss chack: Jun-18
Fowar sansor E44124 SN 000110210 05-Apr-14 (in bause check Jun-16) In house cheok: Jun-18
AF generator HP B64HC SN US3642001700 _04-Aug-98 (in house check Jun-16} I house chack: Jun-18
Analyzee HP B753E SN US37380565 18-0ct-01 {in house chack Oct-15) In house check: Oct-16
Function Scnature
Approved by:

Thes calibestion caificate shall not be reproduced except in il withoul weilten spgrovad of (he aberatory.
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HCTCO,LTD.

Calibration Laboratory of s s {scher Kalib

Schmid & Pariner G Service suisse détaionnage
Engineering AG Servizic svizzero di taratura

Zeughausstrasse 43, 0004 Zunch, Switzeriane S Swiss Caliration Service

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

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

Multilateral Agreement for the recognition of calibration certificstes

Glossary:

TSL lissue simulating Bquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DepP diode compression point

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

A B.C, D modulation dependent linearization parameters

Polarzation ¢ o rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal to probe axis (al measurement center),

re., B =0 s normal to probe axis
Connector Angle nformation used in DASY systam 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

IEEE Std 1528-2013, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head fram Wireless Communications Devicas: Measurement
Techniques®, June 2013

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

|IEC 62200-2, "Procedure to determine the Specific Absorption Rate (SAR) for wreless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 865664, "SAR Measurament Requirements for 100 MHz to § GHz"

Methods Applied and Interpretation of Parameters:

NORMz,y.2; Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell, { > 1800 MHz: R22 waveguide).
NORMx.y.z are only intermediate values, 2., 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 Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is inciuded
In the stated uncertainty of CanvF.

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

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

Ax.y,z: Bx.y.z: Cx,y.z: Dx,y.z; VRx.y,z: A. B, C, D ate numerical linearzation parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
medza, VR s the maximum calibration range axprassed in RMS voltage across the diode.

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

Spherical isotropy (30 devialion from isotropy): m a field of low gradients reslized using a fiat phantom
exposed by a palch antenna.

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

Connector Angle: The angle is assessed using the Information gained by determining the NORMx (no
uncertainty requirad)
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Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Calibrated: September 28, 2016

Calibrated for DASY/EASY Systems

[Nate: non-compatible with DASY2 system!)
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HCTCO,LTD.

EX3DVA- SN:3903 Saplembear 28, 2016

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

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k-zﬂ)"_z
Norm (uVAVIm))"® 0.39 (.36 0.53 +10.1 %
| DCP (mV)° | 102.5 106.2 1031

Modulation Calibration Parameters

ve ¢ System Name A 8 ¢ 0 VR | Unc
4B | dBVpv | dB mV (x=2)
0 | CW x| 00 00 10 | 000 | 1740 | #35%
y [ oo 0.0 10 | 1846
z| oo 0.0 10 1944

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

* The uncartainties of Noem X.¥,Z 0o not ffect the E*fieid uncadtanty Inside TSL (see Pages % and 6)

¥ Numerical inaanzaton parameter: unceriainty not requined

* Unoenainty is dotermined using the max: deviation from linaar respanse applying rectangular distibuton and 18 sxpessed fof the square of the
taxi value

Coriificate No: EX3-3903_Sepi6 Page 4 of 11
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HCTCO,,LTD.

EX3DV4- SN:3803 September 28, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth ™ Unc
1(MHz)C | Pormittivity’ |  (Sim)' | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1342 | 1342 | 1342 | 000 | 100 | £133%
300 453 0.87 1268 | 1268 | 1268 | 010 | 110 | £133%
450 435 0.87 1100 | 1100 | 1100 | 0620 | 125 | $133%
750 419 0.89 1135 | 1135 | 1135 | 033 | 114 | 2120%
235 45 0.90 1072 | 1072 | 172 | o5t | o080 | £120%
900 415 0.97 1030 | 1030 | 1030 | 035 | 101 | +120%
1450 40.5 1.20 8.76 8.76 876 | 039 | 080 | +120%
1750 40.1 1.37 8.75 8.75 B75 | 028 | 085 | £120%
1900 40.0 1.40 8.41 8.41 541 | 028 | 084 | +120%
1950 40.0 140 822 822 822 | 032 | 080 | £120%
2300 395 1.67 go1 | so01 801 | 032 | 080 | +120% [
2450 92 | 180 750 | 754 754 | 031 | oma | s120%
2600 39.0 1.96 7.42 7.42 742 | 031 | o086 | £120%
5250 359 471 5.51 5.51 551 | 035 | 180 | £131%
5600 355 5.07 478 478 478 | 045 | 180 | s131%
5750 35.4 5.22 5.04 5.04 504 | 045 | 180 | £131%

°muxyumtymm»uoumMmmmuuasvutwm(mvagezumnmeamonozsowq e
uncertainty 5 the ASS af the CanvF uncertainty =t caltration fre and the y for the i y bandl. F valaty
below 300 MHz is £ 10, 25, 40, 50 and 70 MH2 for Com assesaments at 30, 54, 128, 150mmmkwecmty Ahuvos@ixtm:.-n:y
vlhd«ycmbemndedlnxﬂoMH:

' A1 trequencies bolow 3 Gz, th valdity of tissue parameters (¢ and o) can ba reiaxed 10 + 10% I liquic compensation formula is sppled 10
messured SAR values, Al requencies above 3 GHz, the valldity of 1ssue paramaeders [« and o) is resiricied to = 5% The uncertainty is the RSS of
tha ConvF uncatanty for indicated target tssoe paramaters,
© ajphalDapth are cetarmined during calibration. SPEAG warrants that the remaining deviaban dus (o thi boundary sffect aftee compenzation i
ahways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies Detween 3-6 GH2 & any distancs larger than hat the probe bp
dametar kom he boundary,
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HCTCO,LTD.

EXIDV4- SN:23803 September 28, 2016

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

Calibration Parameter Determined in Body Tissue Slmulating Media

Ralativo Conducﬁvity Depth © Unc

F(MHZ)© | Pormittivity" (Sfm)" ConvF X | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
150 519 0.80 333 | 1333 | 1333 | 000 | 100 | #133%
300 5682 0.92 1207 | 1207 | 1207 | oos | 110 | s133%
450 56.7 0.94 1185 | 1185 | 1105 | 0410 | 120 | £133%
750 55.5 0.96 1050 | 1050 | 1050 | 020 | 113 | £120%
835 552 0.97 1042 | 1042 | 1042 | 055 | 080 | £120%
1750 ! 534 1.42 B.37 8.37 837 | 035 | 091 | z120%
1900 53.3 152 810 | 810 810 | 037 | o080 | £120%
2450 527 1.95 769 | 789 | 769 | 033 | 085 | +120%
2600 525 216 | 745 | 745 | 745 | 033 | o090 | :120%
5250 48.9 5.38 463 | 463 | 483 | 080 | g0 | 131
5600 485 577 385 | 385 385 | 060 | 180 | £134%
5750 483 5.94 413 | 413 | 413 | 060 | 180 | :131%

 Frequency valdty above 300 MHz of + 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elsa it is restficted 1o 2 50 M4z The
uncedsnty is tha RSS of the Com® uncartainty at calibeaticn frequency and ihe uncanainty Yor the indicaied Fequency band, Frequency validity
Delow 300 MHz i1s £ 10, 2640, 50 and 70 Mz for ConyF assassments o 30, 64, 128 150 ang 220 MHz mspoctvely. Above § GHe froquency
valdity can be extended %o £ 110 MHz,
" Al frequencies bakow 3 GHz. the validity of tssue parameters (e and ) can be relaxed to = 10% If Iguid cempensaton fonmula is applied to
measured SAR values. Al freguencies above 3 GHz. the validky of tissue parameten (c and o) & restricted 1o & 5% The uncananty = the RSS of
the Convi uncerainty for indicatad targal Ussue parametars

9 Alpha'Depth are detammined dunng caltirason. SPEAG warrants thal the remaring teniation dus 10 tha b y eflact after comp
always less than + 1% for fequancies below 3 GHz and below = 2% for lrequancias between 3-6 GHz at any distance larger than ndfmpmbu tip
diamaler from the Soondary.
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FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1
HCTCO.,LTD.
EX3DV4-- SN:3803 Seplember 2B, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1
HCTCO, LTD.

EX3DV4- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
1
. . . . L] o
To X Y 4 Tot X Y Z
%\'
E‘ RS SRS = . S o L 7 S S SN e S e + oot =33
i
Rol [7]
l=’=.v-; 3 V:T‘T;H'.' 2 0 Wt <

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)
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EX30V4- SN:3903 Septamber 28, 2016
Dynamic Range f(SAR}caq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EX3DV4- SN:3903

September 28. 2016

Conversion Factor Assessment

=835 MH2 WGLS RS (H_convf)

‘0

14

AR vy
"

[ = 1900 MHz, WGLS R22 {H_convF)

N > n A -
REL

e e ool

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

-0 -08 -06 -04 02 00 02 04

08 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD.

EX3DV4- SN:3803 September 28, 2016

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) \ 333 |
‘Mechanical Surface Detection Mode enablad
“Optical Surface Detection Moda disabled
Probe Overall Length 337 mm
Probe Body Dismater 1 T 10mm |
Tip Length “8mm
Tip Diamster 25mm
’—m—’fip_mbsve?sorﬂ)'(ﬁéﬁﬁmion Point Tmm |
Probe Tip to Sensar Y Calibration Point T mm
Probe Tip to Sensor Z Calibration Point 1 mm
| Recommended Measurement Distance from Surface 14 mm 1

Certilicate No: EX3-3903_Sep16 Page 11 0of 11
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HCTCO,,LTD.

Calibration Laboratory of ~“'\"\‘:‘-'.Z""’a § Schweisrischer Kefib

Schmid & Partner % G Service sutsse détalonnage
Engineering AG ) s Servizio avizzero di taratura

Zeughaussirasse 43, 5004 Zurich, Switzprdand Y 4@_\“\? Swiss Calibration Sarvica

Accredited by (he Swiss Accradiiation Servico (SAS) Accreditation No.: SCS 0108

Tha Swiss Accreditation Service |s ane of (he signatorias to the EA

Mustitateral Ag nt for the recognition of calibration certificates

i ”.' I{ii":”'li.i'!.i ‘ cartificate No: EX3-7370_ Aug16

Calibeation date: August 30, 2016

This caibeation certficals docurents the aceabiity to national standards, which realize the physical urits of measursments {Si)
The maset @no the with confick probabilly are ghven on the following poges and are pért of the caithcate
All cality have besn cond, i the dosed laboratory tacilty: anvironment tempemature {22 & 55°C and huemidRy < 7T0%

Calratian Equipment wsed (METE crecal for calibration)

Prmary Standards 10 Ca Date |Cortifcate No ) Scheculed Catbration
Power meler NRF SN: 104778 06-Ape-16 (No. 217-02288/02253) Apr-17
Power sersor NRP-Z91 SN: 103244 DE-Ape-16 (No. 217.02268) Apr-17
Power sensor NRP-291 SN: 103245 065-Ape-16 (Na, 217-02263) Apr-17
Reference 20 4B Atanuatoc SN: S5217 (20x) 05-Agr-16 (No. 217.02283) Apr-17
Reference Probs ESI0V2 SN: 3013 31-Osc-15 (No, ES3-3013_Dec15) Dag-18
DAEA SN: 880 23-Doc- 48 (Na. DAE4-HE0_Dec15) Doc-16
Secondary Standards 1D Check Deta (in house) Scheduied Check
Power meter E44158 SN. GB41293874 US-Apr-18 (n housa check Jur-18) In house check- Jun-18
Powar sensor E44124 SN, MY414980687 O Apr-18 (in howuse check Jun-16] in house check: Jun-16
Power sensor E4412A SN. 000110210 08-Apr-18 (n houss check Jun-18) In bouse check: Jun-18
RF genaratar HE 85480 SN US3642U01700 O4-Auy-99 (n hewse chack Jun-16) In house check, Jun-18
_Network Analyzar HP 8753E NI USIT300585 18-Oct-01 {in house chaok Oct-15) In howss check: Oct-1E
Name Function Signatire

_ sl A — T e T
Cafibrated by, Jatan Kastratl «WIM Q*Z ,%_/
Apavoved by Kot Pokov Tochiical Managar e

issusd: September 1, 2016

Tiss calibration cecificate shali not be reproducsd except in il withaut wiitten sooroval of the labostory
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Calibration Laboratory of L& S Schweizerischer Kalibr

Schmid & Partner e G Service suisse diétalonnage
Engineering AG i g Servitlo svizzero & taraturs

Zoughsusstrasse 43, 8004 Zurich, Swizeriand % /.ﬁ\vy' Swiss Calibration Sesvice

Accredited by the Swiss Accredtation Sarvice {SAS) Accreditation No.: SCS 0108

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

Multilaterat Agreement for the recognition of calibration certificates

Glossary:

TSL tssue simulating lquic

NORMx,y.2 sensitivity In free space

CanvF sensitlvity In TSL / NORMx,y.2

DCP diede compression point

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

A B CD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarzation 4 5 rotation around an axis that is in the plane normal o probe axis (at measurement center),

lLe., 8 =0 s normal to probe axis
Connecior Angle Information used in DASY system lo align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB B85684, "SAR Measurament Requirements for 100 MHz ta 6 GHz"

Methods Applied and Interpretation of Parameters:

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

o NORM(fIxy.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This inearization s
Implemented in DASY4 software versions iater than £.2. The uncertainty of the frequency response is included
In the stated uncertainty af CanvF.

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
charactenstics

s Axyz Bxy.z Cxy.z Dxy.z: VRxy.z A B, C, D are numerical linearization paramelers assessed based on
the data of pawer swesp for specific moduiation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. Thess parameters are
used In DASY4 software to improve probe accuracy cloge to the boundary. The sensitivity in TSL corresponds
to NORMz,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MMz to + 100
MHz.

« Sphevical isotropy (3D deviation from isotropy): i a field of low gradients realized using a flat phantom
exposed by a patch antenna.

» Sensor Offset; The sensor offsst corresponds to the ofisat of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

= Connector Angle: The angle is assessed using the Information gained by datermining the NORMx (no
uncertainty required)

Centificate No: EX$-7370_Aug16 Page 2.0l 11
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EXIDV4- SN:7370

August 30, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sansor 2 Unc (k=2)
Norm (eVIV/m)) 0.46 0.49 0.42 $ 10,1 %
DCP (mV)* BB.7 108.3 93.7
Modulation Calibration Parameters
uiD [ ication System Name A 8 [ ) VR Unc® |
d8 | dByuv a8 mV (ke2)
0 [} X 00 | 00 10| 000 | 1398 | #33%
Y 0.0 0.0 1.0 1364
zZ | 00 0.0 1.0 142.6

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 uncenantes of Nom X Y,2 do not affect the £” Seid uncartainty inside TSL (es Pages 5 and B)

¥ Numercal linearization paramator: uncertanty not required

¥ Uncsetanty &5 determined using $he max. deviatian from inesr response applying rectangular distribution and is expressed for the square of the

Neicd value.
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HCTCO,,LTD.

EX30V4-SN.7370 August 30, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | | Depth ™ Unc

FIMHz)® | Permittivity” (8im)" ConvF X | ComFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 13.30 13.30 13.30 0.00 1.00 | +133%
300 453 0.87 12.29 12.28 12.28 0.10 130 | £133%
450 435 0.87 11.07 11.07 11.07 017 160 | £133%
750 419 0.89 10.41 10.41 10.41 0.42 0.91 +120%
835 Mns 0.80 10.00 10.00 10.00 043 080 | £120%
S00 41.5 0.87 9.75 9.75 375 0.39 093 | +120%
1450 40.5 1.20 8.60 8.60 B8.60 0.41 080 | £120%
1750 40.1 1.37 852 8.52 8.52 0.40 080 | £120%
1900 40.0 1.40 816 | 8186 B16 | 037 0.80 120%
1950 40.0 1.40 7.84 7.94 7.94 0.38 080 | £120%
2300 305 1.67 7.82 7.92 7.92 0.31 080 | +120%
2450 30.2 1.80 7.28 7.28 7.28 0.41 0.80 | #120%
2600 39.0 1.96 7.15 7.15 7.15 0.41 080 | $120%
5250 359 4.71 5.26 5.26 526 035 180 | £131%
5600 355 5.07 4,80 4.60 4.60 0.40 1.80 | 2131%
5750 354 5.22 4.85 4,85 485 0.45 180 | £131%

:Flmmyvﬂmnymmuﬂxd:?wmomymhruASYMlmth(seer?).clunmmmmw:SOMm ™e
uncartainty is tho RSS of the CanvF uncertmnty af calibration fraquancy and the uncenainty for 21 indicated frequency band. Frequancy validity
betow 300 MMz is & 10, 25, 40, 50 and 70 MHz for CornF assessments 82 30, 54, 128, 150 and 220 Mz respectively, Above 5 GHz frequency
validity can be extended (o + 110 MHz

" Al frequencias beiow 3 Giz, the validly of Ussus paramesars (c and o) can be relaxed 1o £ 10% # Joud comp formuts = apphed o
messured SAR v8lues. Al frequencies above 3 GHE, the valdly of tissue paramaters (¢ and o is restricled 1o = 5% The uncerturty i the RSS of
e Comnf unoertainty for indicaled targe! sSus persmatens

© AjphaDepth are determined diring c¥ibeation. SPEAG wamants that the femaining deviation dus 10 the toundary efoct sfter compensgalion is
nu-mlmm-ns1$lahmmaw3mmdhda-:Zihtmwc'aommMGDuatuym;rummmmmpmbanp
diameder from the boundary

Centificate No- EX3-7370_Aug16 Page 5 of 11

F-TP22-03 (Rev.00) 167 /217 HCT CO.,LTD.



-
hC'- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1
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EX30V4- SN:7370 August 30, 2018

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) ¢ m&;' co?;‘:i‘“w ConvFX | ConvFY | ConvFZ | Alpha® “(.u'::h;.)u (23)
150 61.2 0.80 1243 | 1243 | 1243 | 000 1.00 | £133%
300 58.2 0.82 1162 | 11.62 1162 | 0.08 120 | 2133%
450 56.7 0.94 11.22 | 1122 1122 | 0.0 150 | #133%
750 55.5 0.98 9,96 9,96 9.96 048 | 086 | 2120%
835 55.2 0.97 9.87 9.87 9.87 038 | 094 | £120%
1750 53.4 149 | B24 a4 | 82 037 | 080 | £120%
1900 53.3 152 7.92 7.92 7.92 042 | 080 | +120%
2450 52.7 1.95 7.62 7.62 762 | 035 | 080 | 2120%
2600 52.5 2.16 7.42 7.42 7.42 043 | 080 | 2120%

5250 489 5.38 4.66 466 4.66 050 | 180 | £134%
5600 48.5 577 3.92 392 392 055 | 190 | +13.1%
5750 483 594 | 425 425 | 4325 0.55 180 | +131%

° Frequency vaidily above 300 MHz of + 100 Mz ooly sppliss for DASY vé.4 and higher (see Page 2), else it i restricled 1o £ 50 MHz. The
uncertainty |8 the RSS of the ConvF unoertainty at calibralion Fequancy and tha uncestainty for the indicatad frequancy Band Frequency vakdity
Dalow 300 MHz & £ 10, 25 40, 50 and 70 MHZ for ConvF assessmants at 30, 84. 126, 150 and 220 MHz respectively. Above § GHz frequency
valdity can be extended o £ 11 MHz

¥ Al frequancies balow 3 GHz. the lidity of fmaue parsmeters (x and r) can be relaxed fo = 10% 11 Iqukl compensation fonmuta is appied to
mensured SAR yalues. Al fraguancios abava 3 GHz, the validty al tissue parameters (s and s} = restricted (0 £ 5% The uncerainty is the RSS of
the Convi uncensinty for ndicated target lissue paramelens.

% Alpha/Depth are determined during calibration, SPEAG warmants hat tha remaning deviabon dus 1o tha bouncary offoct afier campearsaton is
Hmysw!nanaNhtimauam‘ubabwsGhzancocxm:nmmm;m&seﬂzmwmhwvmhalmmw
diamater from the Socundary.
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

EX30V4- SN.73T0

104

esponse (normalized)
™

0.9

0a-f

Frequency r

Cerificate No: EX3-7370_Aug16

August 30, 2016

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

500 1000 1500 2000 2500 3000
f [MHZ]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX30V4- SN:T3T0

August 30, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
. . - . B .
Tat Y 2z Tot Y F 4

i PR A S S A W SIS SRR BT S s Sl S SIS T B S 3

Ervor [dB]

Rol [

1600 MHz 2500 Mkz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

EX30V4- SN: 7370

August 30, 2018

Dynamic Range f(SARcaa)
(TEM cell , foyy= 1900 MHz)

413
o
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w
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SAR [mWicm3]
el L
not compensated compensatec
Uncartainty of Linearity Assessment: £ 0,6% (k=2)
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1
HCTCO.,LTD.
EX30V4- SN'7370 August 30, 2018
Conversion Factor Assessment
f= B35 MMz, WGLS R8 (H_comf) f= 1900 MHz WGLS R22 (H_convF)

0|

i 34 T Bi

z, o

p il

" " Y o = x " £ 3 o ) = = » n “@
& ot el
2 £ . .
P Trw—

P "

Deviation from Isotropy in Liquid
Error (¢, 8), f = 300 MHz

Deviation

40 -08 066 04 02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EXIDVa.- SN.T3T0 August 30, 216

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

Other Probe Parameters

Sensor Arrangement Triangular
“Connector Angle () - | 93.9
| Mechanical Surface Detection Mode [ enabled

Optical Surface Detection Mode h disabled

Probe Overall Length 337 mm

Probe Body Diameter 10 mm
“Tip Length - Smm |

Tip Diameter Z5mm

Probe Tip to Sensor X Calibration Point 1mm

Probe Tip to Sensor Y Calibration Point o Tmm

Probe Tip to Sensor Z Calibeation Point 1mm

Recommended Measurement Distance from Surface ‘ 1.4 mm
Cetilicata No: EX3-7370_Aug1é Paga t1of 11
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Attachment 4. — Dipole Calibration Data
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HCTCO,,LTD.
Calibration Laboratory of S,
Schm!d & Ffartner % g Service sulsse d'éalonnage
Engineering AG Ty Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ’/f‘%\\\\‘ S swiss Callbration Service
Accredited by the Swiss Accraditation Senvice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitateeal Agr for the recognition of calibration certificates
client  HCT (Dymstec) Certificats No: DB35V2-441_Nov16
CALIBRATION CERTIFICATE =i
Object D835V2 - SN:441
Callbration procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz

Calration date! November 16, 2016

This calibration cedificate documants (e tracesbilty 1o nafionad standards. which realize the physical unils of measuremeants (S9)
The measurements and thi uncanainties with confidanca probability ans grvan on the following pages and are part of the cadificate
Al calibeations have baen conducted in the closed Ieboratovy tacility. erméronment femparatura 122 + 3)°C and humidty < 70%.

Calibeation Equipment used (MATE critical foe calbration)

Primary Standarids 1D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter NP SN: 104778 O6-Ape-16 (No, 217-02288/02289) Apr17
Powar sensor NRP-Z61 SN 103244 06-Apr-18 (Na, 217-02268) Apr17
Power aensor NRP-Z91 SN 103245 U6Apr16 (No. 217-02289) Apr-17
Ralerence 20 o8 Attenuatar SN. 5058 (20%) 05-Apr-16 (Na. 217-02282) Apr7
Type-N mesmatch combination SN 5047 .2 / 08327 05-Apr-16 (No. 217-02255) Apr-17
Rofarance Probe EX30V4 SN 7348 154lun-16 (N, EX3-7328_Jun18) Jun17
DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-18
Secondary Standards iD# Check Date (in house) Schedided Check
Powar matar EPM-4424 SN: GB3748070¢ 07.0ct-15 (in house check Det-186) In housa check: Oc1-18
Powur sansor HP B4B1A SN: US37292783 070ct-15 (in house chéck Oct-18) in house chack: Oc1-18
Powwr sansor HP B4B1A SN MY4t0s23” 07-0ct-15 {in house check Dct-18) In nouse chack: Oct-18
AF genesator RS SMT-06 SN 100372 15Jun-15 (in house check Oct-18) In house chack. Oct-18
Network Analyzer HP 8753E | SN: US37300585 18-0ct-01 (in houyse chack Oct-16) n house check: Oct-17
Name Function r

Calibrated by: Claudio Lesibar Laboratory Technician 7

| /é-

Approved by: Katja Pokonc Tachnioal Menager , %

tasuad: Novembar 17, 2016

This calibeation centdicate shall not ba mproduced excepl in full wethout writtan approval of the labaratory
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Calibration Laboratory of Ry,

; {;\“ Nt Schwelzerischer Kalibrisrdignst
Schmid & Partner % S Sarvice suisse d'stalonnage
Engineering AG B c Sarvizio svizzerc di taratura
Zoughaussirasse 43, 8004 Zurich, Switzertand G S swiss Calibration Servics
ol
Accrodited by the Swiss Accreditation Servioe (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of callbration 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:

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

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

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

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

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

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

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

Cantificate No: DB35V2-441_Nov16 Page 2ol B
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HCTCO,,LTD.
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 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHZz = 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.80 mho/m
Measured Head TSL parameters (2201 02)"C 40926% 0.94 mho/m + 8 %
Head TSL temperature change during test <05°C e -
SAR resuit with Head TSL
SAR averaged over 1 em’ {1 g) of Head TSL Candition
SAR measured 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.38 Wikg 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Hoad TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2) °C 552+6% 1.01 mho/m+6 %
Body TSL temperature change during test <05°C e —
SAR resuit with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized o 1W 9.62 W/kag £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.37 W/kg = 16,5 % (k=2)

Certificate No: D835V2-441_Novi6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtarmed to feed point 5080-18jQ

Return Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600460

Return Loss -2404d8

General Antenna Parameters and Design

’ Electrical Delay (one direction) ] 1.369 ns —I

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is directly connacted to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 Improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is siill
according 10 the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 09, 2001
Certificate No: DE35V2-441 Novié Paged ot @
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DASYS5 Validation Report for Head TSL
Date: 16.11.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441
Communication System: UID () - CW; Frequency: 835 MHz
Medium parameiers used: f= 835 MHz: 6 = 0.94 S/m; & = 40.9; p = 1000 kg/m”
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASYS52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 15.06,2016;

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

« Electronics: DAE4 Sn601; Calibrated: 30,12,2015

« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

« DASYS52 52.8.8(1258);: SEMCAD X 14.6.10(7372)

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

Reference Value = 61.83 V/m; Power Drift = -0.02 dB

Peak SAR (extrapotated) = 3.67 Wikg

SAR(] g) = 2.43 W/kg: SAR(10 g) = 1.57 Wikg

Maximum value of SAR (measured) = 3.27 W/ikg

-2.23

-4.47

N

0dB=3.27 Wkg

5.15 dBW/kg

Cenificate No: DB35V2-441_Nov18 PagoS5of8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:441

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

Medium parameters used: = 833 MHz; o= 1.01 8/m: &, = 55.2; p= 1000 kg/'m‘
Phantom section: Flat Section

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

DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

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

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

Reference Value = 59.90 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.25 Wikg

-2.12
-4.24
6.37

-8.49

-10.61

0dB=3.25W/kg =5.12 dBW/kg

Cenrtificate No: D835V2-441_Novis Pago 7 of B
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FCC ID: ZNFM700F Report No
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Impedance Measurement Plot for Body TSL

o -
']
9
H2 11 LD S d8/BEF -28 aB 1t 338 ok 235,000 999 nHz
‘_7‘-— JE e
Ca 5
fr— e a——l -
s 57
[ \ /
16~

Certfficate No: D835V2-441_Nov16 Page Boi8

F-TP22-03 (Rev.00) 182 /217

HCT CO.,LTD.



aCT

HCTCO,LTD.
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Report No: HCT-A-1706-F005-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughsusstrasse 43, 8004 Zurich, Switzeriand

Accradied by the Swiss Accrediation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
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Cortificate No: D1800V2-2d007 Nov1é

S
Cc
S

Accroditation No.: SCS 0108

Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero d| taratura

Swiss Calibration Service

[CALIBRATION CERTIFICATE

Ooject

Callbration proceduns(s)

Cafbration date:

This calbration cerlificalo documeants the frac

D1800V2 - SN:2d007

QA CAL-05.v8

November 16, 2016

Calyration Equipment used (METE cntical for calibrstion)

V¥ 10 nationgd

s, which realize tha physical unils of measurements (Si)
The measuremants and the uncertamtias with confidance probability are given on the folowing pages and are par of the cedificate

All caibrations have been conducted in INe closed Eaboratory laciity. envitonment fempesatire (22 + 3)"C and humidty < 70%.

This calibration carficate shall not ba reproduced except n full without written approval of the abaratary

Primary Standards [10# Cal Date (Cortificate Na.) Schodulod Cai

Powar meter NRP SN: 104778 06-Agr-16 [No. 217-02268/02238) Apr-17

Power sensor NRP-Z31 SN: 103244 C6-Apr-16 (No. 217-02288) Apr-17

Power sansar NRP-281 SN: 103245 06-Apt-16 (No. 217-02269) Apr-17

Rufarance 20 48 Afteruator SN 5058 (20%) 05-Ape-16 (No. 217-02202) Apr-17

Typa-N mismatch combination SN: 5047.2/ 06327 06-Apr-16 (No. 217-02265) Apr-17

Retarence Probe EX30V4 SN: 7349 15dur- 16 (No. EX3-7349_Jun18) Jus-17

DAEA SN 601 a0-0oc-15 (No. DAES-601_Dec15) Dec-16

Secondary Standards Lo Check Oate {in hause) Schoduled Check

Powsr meter EPM-4420 | SN: GBA7480704 07-Oct-18 (in house chack Oct-16) In house check: Oct-18

Power sensor HP BAB1A SN: US37262783 07-Oct-15 (in house check Oct-16) In house chack: Oct-18

Puwer sansor HP B481A S MY41002317 07-Oct-15 {in house chack Oct-16) In house check: Oct-18

AF geneaiot RES SMT-08 SN: 100872 15-Jun+18 (in house chinek Oct-18) in house check: Oc-18

Network Analyzer HP 5753E SN; US37390685 18-0ct-01 {in house check Oct-18) In house check: Oct-17
Nama Fisnction Signanks

Calisentad by: Cluia Laubler * Laboratory Fechnician \

Approved by Katja Pokavic Technical Manager -

Issuat. November 17, 2018
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Calibration Laboratory of

. S Schweizarischer Kalibrierdienst
Schml_d & Eanner ¢ Service suisse détalonnage
Engineering AG Sarvizio svizzero di taratura
Zeughausstrasss 43, B004 Zurich, Switzerand S Swiss Calibeation Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multifateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "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.

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

* FElectrical Delay: One-way delay 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 fo an input power of 1 W at the antenna
connector.

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

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

Certificate No: D1800V2-2a8007_Nov16 Page2of 8
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Measurement Conditions
DASY system configuraticn, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
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 follawing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220+0.2)°C 391+6% 1.3 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 Candition
SAR measured 250 mW input power 9.47 Wikg
SAR lor nominal Head TSL parameters normalized 1o 1W 37.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 19.8 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220+02)°C 536=26% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.39 Wikg
SAR for nominal Body TSL parameters normalized to 1W 37.6 Wikg = 17.0 % (k=2)
SAH averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.97 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.9 Wikg = 16.5 % (k=2)

Certificate No: D1800V2-2d007_Nov16
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Report No: HCT-A-1706-F005-1

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 4720-84Q
Retum Loss -209 dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4380-82Q
Return Loss -20.7 dB
General Antenna Parameters and Design
| Etectrical Detay (one direction) [ 1,203 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 leeding line is directly connected to the
second arm of the dipole. The antenna is therefore shont-circulted for DC-signals. On some of the dipoles, small end caps
ara added to the dipole arms in order 10 improve matching when loaded according to the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The oversll dipole length is still

according to the Standard,

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

feedpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Certificate No: D1800V2-2d007_Nov16
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DASYS5 Validation Report for Head TSL

Date: 15.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007

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

Medium parameters used: = 1800 MHz: 6 = 1.39 $/m; £ = 39.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 15.06.2016;
= Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

o DASYS5252.R.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 105.8 V/im; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.47 W/kg; SAR(10 g) = 4.95 W/kg

Maximum value of SAR (measured) = 14,7 Wikg

-3.60
-1.20
-10.80
-14.40

0dB = 14.7 W/kg = 11.67 dBW/kg

Ceortificate No: D1800V2-2d007_Nov16 Page501 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1S00V2 - SN:2d007

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

Medium parameters used: f= 1800 MHz; 0 = 1.52 S/m; & = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 15.06.2016;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002

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

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

Reference Value = 101.5 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 16,3 Wikg

SAR(I g) =9.39 W/kg; SAR(10 g) =4.97 Wikg

Maximum value of SAR (measured) = 14,1 Wikg

-3.33
6.65
-9.98

-13.30

-16.63

0dB = 14.1 W/kg = 11.49 dBW/kg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM700F

Report No: HCT-A-1706-F005-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, B004 Zurich, Switzeriand

Accradied by the Swiss Accreditation Seevice (SAS)
The Swiss Accreditation Secvice is one of the signatories to the EA
Multilateral Agreement for the recognifion of cafibration cenificates
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Certificate No: D1900V2-5d032_Mar17

Accraditation No.; SCS 0108

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di tarstura
S 5wiss Calibeation Service

|[CALIBRATION CERTIFICATE

Object

Catbration dale

Calloeation procadurais)

D1900V2 - SN:5d032

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

March 21, 2017

Calbrabon Equipment used (MATE ciitical tor calibestion)

Thig calibeation certficato documents the iraceabillty to nationai standards, which resize the physical units of measuremants (S1)
The measyrements and tha uncerairties with confideénce probabiity are given on the following pages and are part of the certdicate.

A calitvations have baen conducted in the closed labosmoey facility: anveonment temporature {22 + 3°C and humidity < 70%

Primary Standards 10 A Cal Date {Codificalo No.) Schedided Calbration

Fawsr mater NAP SN: 104778 06-Apr-16 (No. 217-02288/02286) Apr-17

Powsr sansor NRP-Z21 SN 105242 06-Ape-16 (N0, 297-02288) Apr17

Power sansoe NAP-281 SN 103245 DE-Ape-16 (No. 217-0228%9) Age7

Raferanog A dB Altenuator SN: 5058 (20k) DE-Api-16 (No. 217-02292) Ape17?

Type-N mismaich combination SN: 5047 2 { 06327 05-Apr-18 (No. 217-02295) Ape-17

Retarance Probe EX3DVA SN. 7348 31-Doc-18 (No. EX3-7348_Dec16) Dec-17

DAEA SN: 801 0d-Jan-17 (No. DAE4-801_Jan17) Jan-18

Secandary Standarss lioe Check Onte {In housa) Scheduled Chisck

Power matar EFM.442A SN Q83748074 07-Oct-15 (in house chack Oct16) In house chack: Oct-18

Power sensor HP B4BIA SN: US3T202783 07-0ct-15 (in house chack Oct-16) In house chack: Dct18

Powear sensor HP BAB1A SN, MY41002317 07-0ct-15 {in housa check Oct-16) In house chack: Oct18

RF generator R4S SMT-08 SN: 100872 15-Jun-15 (n house check Oct-16) In bouse chack: Oot-18

Natwork Analyzer HP 8753 SN; US37390585 18-0ct-01 (In houss check Oct-16) Ity house check: Cct17

Name Functian Signaturs

Cadl . 7 te LT
brated by Johannes Kurikka Laboradory Technician

Approved by: Katja Pokovic Technical Managor

A

tasued: March 23, 2017

[ This calibration cartificate shak not be reproducad except i full without witten appeoval of the laboatory
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Calibration Laboratory of A .

2 S‘\\\\_//’:'-. s izanscher Kalibe

Schmid & Partner k\—/E ; El;' Sarvice sulsse d'étalonnage

Engineenng AG e c Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand AN S swiss Calibration Service
Accreditar by the Swiss Accradifation Sarvios {848) Accreditation Ne.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ag for the gnition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequancy 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 cerfificate 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
parailel 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 iow
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 narmal distribution corresponds to a coverage
probability of approximately 95%.

Cedificate No: D1900V2-5d032_Man 7 Page20f 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Vearsion DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 1800 MHz + 1 MHz
Head TSL parameters
The following paramaeters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2}'C 403+6% 1.38 mho/m £ 6 %
Head TSL temperature changeo during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 ocm?® (1 g) of Head TSL Condition
SAA measured 250 mW input power 9.91 Wikg
SAR for nominal Head TSL parameters normalized to TW 40.0 Wikg = 17.0 "% (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 518 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 22p'C 533 1.52 mho/m
Measured Body TSL parameters {220+02)"C 541 +6% 1.50 mho'm = 8 %
Body TSL temperature change during test <05°C — eee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.0 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5,30 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 21.4 W/kg = 16.5 % (k=2)
Certificate No; D1800V2-50032_Mar17 Page 30l 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transtormed to feed point 51.702+53[0Q

Return Loss -253d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed pont 471Q+82K2

Retum Loss -231d8

General Antenna Parameters and Design

[ Electrical Detay (one direction) | 1.184 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 centaer 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 dipoles, small end caps
are added 10 the dipoie arms in order to improve matching when lpaded according to the position as explained in the
‘Mexsurement Conditions® paragraph. The SAR data are not affected by this change. The oversll dipole length is still
according to the Standard.

No excessive lorce must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 17, 2003
Certificate No: D1900V2-5d032_Mar17 Paga 4ofB
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Report No: HCT-A-1706-F005-1

DASYS5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

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

Medium parameters used: f = 1900 MHz; o = 1.38 S/m; £ =40.3; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016;

Sensor-Surface: |.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 04.01.2017
Phantom: Flat Phuntom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

Date: 21.03.2017

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x8x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 107.2 V/im; Power Drift =-0.07 dB
Peak SAR (extrapolated) = 18,6 W/kg

SAR(1 g)=9.91 W/kg: SAR(10 g) = 5.18 W/kg
Maximum value of SAR (measured) = 15.4 W/kg

-3.60

-7.20

-10.80

-14.40

0dB =154 W/kg =11.88 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 21.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN:54032

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

Medium parameters used: £= 1900 MHz; o = 1.5 S/m; e = 54.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 3 (IEEE/TEC/ANST C62.19-2011)

DASY3S2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016:;
« Sensor-Surface: L4mm (Mechunical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 04.01.2017
« Phantom: Flut Phantom 5.0 (back); Type: QD 000 PSO AA; 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 {:
Measurement grid: dx=5mm, dy=Smm, dz=3mm

Reference Value = 104.1 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 17.9 W/kg

SAR(1 g) = 10 W/kg; SAR(10 g) =53 W/kg

Muximum value of SAR (measured) = 14.9 Wikg

-3.40

T ]
=

-6.80

-10.20

-13.60

-17.00

0dB =149 Wikg=11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of \\@,’ S Schweizerischer Kalibrierds
Schmid & Partner m G Service suisse détalonnage
Engineering AG S Servizio svizzero di taratura
Zeughsusstrasse 43, B004 Zurich, Switzeriand N S swiss Calibration Service
l,llll'"l‘l
Accredited by Ihe Swiss Accredaation Semvice (SAS) Accreditation No.. SCS 0108

The Swise Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Clieot HCT (Dymstec) Certificate No: D2450V2-743 Marl7
CALIBRATION CERTIFICATE

Object D2450V2 - SN:743

Culibraticn procedun(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Caltoration date: March 15, 2017
This calibration certificate documents the receabilty to nationat slandards, which resiize the physical units of measuremants (S1)
Tha measurements ard the uncerainsies with confidence probability are given on the folowing peges and are par of the cedificals

| A caliteations have been conducted In tha closed laboratory taciity: anvironment femperalune (22 = 3)°C and humidty < 70%.

Catbration Equipment used (MATE criticat 1or calibration)

Prenary Standards D2 Cul Dato (Carilicate No ) Scheduled Callbrstion

Powar matar NRP SN 104778 06-Apr-16 (No. 217-02288:0228%) Ape-17

Power sensot NAP-Z91 SN: 103244 08-Apr-18 (No. 217-02288) Ape1?

Power sensor NAP-Z91 SN 103245 06-Apr-18 (No. 217-02285) Ape-1 T

Rafargnce 20 &8 Aftanuator SN: 5058 (20%) 05-Apr-16 (No. 217.02282) Apet?

Typa-N msmatch combinabon EN: 5047 2 / 06327 05-Apr-16 (No. 217-02295) Apr1?

Heforence Probe EX3DVA SN: 7348 31-Dec-16 [No. EX3-7349_Dectt) Dect?

DAE4 SN 80 Od-tan-17 (No. DAE4-801_Jan17) Jan-18

Secondary Standards 0 ® Check Date {in house) Scheduad Check

Powar mater EPM-4424 SN: GBI7480704 07-Oct-15 (In houss chack Oct-16) In house check: Oct-18

Power sensor HP BLB1A SN USI7292783 07-0ct-15 (In housa ghack Oct-16) In housa check: Oct-18

Powar sensor HP B281A SN MY41082317 07-0ct-15 (In houss chack Oct-16) In housa check: Oct-18

A ganerator R4S SMT.06 SN; 100872 15-Jun-15 (in housa check Oct-16) In house chack: Oct-16

Nelwork Analyzer H® B753E 8N US373805a5 18-0ct-01 {In house chack Oct-18) In house chack: Oct-17
Name Function Signature

Calitzated by Johannes Kurida Labaratory Technician

atedii

Approved by: Katja Pokavic Tochnioal Manager ’/Z/@_

Issued: Masch 16, 2017

This calilbrallon cartificate shall not be reproduced except in full withow written spproval of ihe laboratory
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Report No: HCT-A-1706-F005-1

HCTCO,,LTD.
Calibration Laboratory of \\@'/',, g s Kalitr
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland o S gwiss Calibration Service

Accrediled by the Swiss Accreditstion Servicae (SAS)
The Swiss Accreditation Service is ono of the signatories to the EA

Multilateral Agr for the gnition of calibration certificates
Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

Accreditation No.: SCS 0108

a) |EEE Sid 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 cerfificate 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

parallei to the body axis.

* Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low

reflected power. No uncertainty required.

» Elactrical 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.

probability of approximately 95%.

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

Cerdificate No: D2450V2-743_Mar17 Page 20f8

F-TP22-03 (Rev.00) 200 /217
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Measurement Conditions

DASY system configuration, as far as not glven on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =« 5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 382 1,80 mho/m
Measured Head TSL parameters (220x02)"C 378+26% 1.87 mho/m + 6 %
Head TSL 1emperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 om” (1 g) of Head TSL Condition
SAR measured 250 mW Input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.0 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” {10 g) of Head TSL condition
SAR measured 250 mW input power 6,30 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.8 W/kg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations ware apphed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho'm
Measured Body TSL parameters (220=02)"C 528=6% 203 mha/m+6 %
Body TSL temperature change during test <05°C - reee
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Candition
SAR measured 250 mW Input power 12.9 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measurad 250 mW Input power 5.04 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 23.9 Wikg = 16.5 % (k=2)
Certificate No: D2450V2-743 _Marl7 Page 3018
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to leed point 544 +72Q

Retumn Loss -218¢B

Antenna Parameters with Body TSL

Impedance, translormed 10 feed point S5010+78[2

Returmn Loss ~222d8

General Antenna Parameters and Design

| Esectrical Delay {ona direction) | 1180 ns

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

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line s directly connected 1o the
second arm of the dipole, The antenna Is therefore short-circulted lor DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve malching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard.

Nao aexcessive force must be appiled 1o the dipole arme, becausa they might bend or the soldered connections near the

feedpoint may be damaged
Additional EUT Data
Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_Marl7 Page 4 of 8
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DASY5 Validation Report for Head TSL

Date: 15.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: = 2450 MHz: a = 1.87 S/m; & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY352 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.72, 7,72, 7.72), Calibrated: 31.12.2016;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
«  Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Seral: 1001

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

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

Reference Value = 115.8 Vim; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6.3 W/kg

o]

Maximum value of SAR (measured) = 22.3 Wikeg

-1.60
-9.20
-13.80
-18.40

-23.00

0dB =223 W/ikg = 13.48 dBW/kg

Ceriticate No: D2450V2-743_Mart7 Page50f8
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Report No: HCT-A-1706-F005-1

Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 15.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: = 2450 MHz; o = 2.03 S/m; & = 52.8; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79. 7.79). Calibrated: 31.12.2016;
« Sensor-Surface: L4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Seral: 1002

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

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

Reference Value = 105.3 V/im; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 25,5 Wikg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.04 W/kg

Maximum value of SAR (measured) = 20.2 Wikg

-13.20

-17.60

-22.00

0dB =202 Wrkg= 1305 dBW/kg

Cartificato No: D2450V2-T43_Mart7 Page 7of 8

F-TP22-03 (Rev.00) 205 /217 HCT CO.,LTD.



W
hC'- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO.,,LTD.

Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1706-F005-1

HCTCO.,LTD.
Calibration Laboratory of FANT Y S Schwotzarischar Kalibriordienst
Schmid & Partner e G Service suisse déialonnege
Engineering AG % Servizio svizzero di taratura
Zaughausstrasse 43, 8004 Zurich, Switzerland NN S  suies Calibration Service

Atcrodited by the Swiss Accreditation Sence (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Agreament for the recognition of calibration certificates

ool A

Accreditation No.: SCS 0108

Certificnte No: D2600V2-1015_Jan17

CALIBRATION CERTIFICATE
Objest D2600V2 - SN:1015
Calipration procadure(s) QA CAL-05.v8

Calitvation date,

Calibration procedure for dipole validation kits above 700 MHz

January 18, 2017

Canbration Equpment used (MATE critical for catibration)

This caiibration canificate documents 1ha tracealility 10 national standards, which realze Ihe physical units of measuraments {SI).
The maasurements and the uncenainies with confidence peobabilty are given on the following pages and are pan of Me cembicate

Al calibrations have boon conductod in the dosad labomsory faciity: envircnment temperature (22 = 3)°C and humidity < 70%

Primary Standards D¥ Cal Dite (Centificale No.) Scheduled Calrabon

Power malar NR# | SN 104778 06-Ape-16 (No. 21702283/02289) Apra7

Power sansor NRP-Z91 SN 103244 D6-Ape-16 (No, 217-02288) Agr17

Power sensor NHF-Z91 SN. 103245 06-Apr-16 (No. 2170228%9) Agra7

fateranca 20 4B Atsaustor SN; 5058 (20k) 05-Apr-16 (Na. 21702292) Apr1?

Type-N mismaich combination SN: 5047.2 / 06327 05-Apr-16 (No. 217-02295) Ape7

FRaterenca Froba EX30VA SN 748 31-Dac-16 (No. EX3-7340_Dec186) Dec7

DAE# SN: 601 04-Jan-17 (No. DAEA-601_Jan17) Jar-18

Seccodary Starderds Da Check Dals (n house) Schaduled Chack

Puwar metsr EPM-4424 SN: GB37480704 07-0ct-15 {in housa chack Oct-18) In house check: Oct-18

Fower sensor HP BAB1A SN: US37202783 07-0¢4-1% (In housa chack Qct-16) in house chack: Oct-18

Power sensor HF B481A SN! MY&1082317 07-0ct15 {in housa chack Oct-18) In housie check: Oct-18

RF garsrator R8S SMT-06 SN: 100872 15-Jun-15 (In house check Oct16) in houso chack: Oct-18

Network Anulyzet HP? B753E SN: US37300585 16-0c1-01 (In house check Oct-18) in housa check: Oct-17
Name Functron Signature

Calibeatod by: Leit Klyanes Laborutory Technician x‘/%/

Approved by Katja Poovic Technical Maniager

Thes calibration cartificate shall not be reproduced except n full without weilten spproval of the aboratory.

pr

lsgued Jwouary 19, 2017

Certificate No: D2600V2-1015_Jan17
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Calibration Laboratory of

y g Schwelzerischer Kalibrierdienst

Schmid & Partner Service sulsse d'étalonnuge
Engineering AG C  Servizio svizzero i taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibestion Service

Accredited by the Swiss Accreditation Senvice (SAS) Acereditation No.: SCS 0108

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

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

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

Additional Documentation:
o) 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 FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

e SAR normalized: SAR as measured, normaiized 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 85%.

Certificate No: D2600V2-1015_Jan17 Page 2018
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantam
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculstions were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 380 1.96 mho/m
Measured Head TSL parameters (220+02)°C 37426% 2.05 mha/m + 6 %
Head TSL temperature change during test <0D5"C -
SAR result with Head TSL
SAR averaged over 1 em?® (1 g) of Hend TSL Condition
SAR measured 250 mW input power 14.8 Whka
SAR for nominal Head TSL parameaters normalized to 1W 57.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6549 Wikg
SAR lor niominal Head TSL parameters normalized to 1W 25.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2,16 mho/m
Measured Body TSL parameters (220+0.2)°C 52326% 2.20 mhao/m £ 6 %
Body TSL temperature change during test <05"C e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.9 Wikg

SAR for nominal Bedy TSL paramaters

normalized to 1W

55.1 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 617 Whkyg
SAR for nominal Body TSL parameters normalized to 1W 246 Wikg = 16.5 % (k=2)

Cartficate No: D2600V2-1015_Jan17

Page3 0l 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed o fead point 4880 -28BiQ

Retumn Loss -30.3 dB

Antenna Parameters with Body TSL

impedance, transformed 1o feed point 4510-25)1

Heturh Loss -248dB

General Antenna Parameters and Design

Electrical Delay (one direction) ] 1.150 ns

After long teem use with 100W radiated power, only a sight warming of the dipole near the feedpoint ¢an be measured.

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

No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connecfions near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manutactured on October 30, 2007

Cartificate No: D2600V2-1015_Jan17 Page 40t 8
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DASYS5 Validation Report for Head TSL

Date: 17.01.2017
Test Laboratory: SPEAG, Zurich, Swatzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: f = 2600 MHz; o= 2,05 S/m; & = 37.4: p= 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration
o Probe; EX3DV4 - SN7349; ConvF(7.56, 7.56, 7,.56): Calibrated: 31.12.2016;
« Sensor-Surface: | .4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001

« DASYS525288(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 116.7 V/im; Power Drift = -0.04 dB

Peuk SAR (extrapolated) = 32.4 Wrkg

SAR(] g) = 14.8 W/kg: SAR(10 g) = 6.49 Wikg

Maximum value of SAR (measured) = 25.3 Wikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 25.3 Wikg = 14.03 dBW/kg

Certificate No: D2600V2-1015_Jan17 Page 50i 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.01.2017
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1015

Communication System: UID () - CW; Frequency: 26() MHz

Medium parameters used: = 2600 MHz; 6= 2.2 S/m: &= 52.3; p = 1000 kg/m’
Phuntom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF{(7.48, 748, 7.48); Calibrated: 31.12.2016;
«  Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 PS5O AA; Serial: 1002

« DASYS525288(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=5Smin, dz=5mm

Reference Value = 108.8 V/m: Power Drift = 0.06 dB

Pesk SAR (extrapolated) = 28.6 W/ikg

SAR(1 g) = 13.9 W/kg; SAR(10 g) = 6.17 W/kg

Maximum vilue of SAR (measured) = 23.4 W/ikg

dB
0

-4.60
-4.20
-13.80

-18.40

-23.00

0dB =234 W/kg= 1369 dBW/kg

Certificate No: D2600V2-1015_Jan17 Page 7 of 8
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Certificate of conformity / First Article Inspection

p_€e a g

Item Triple Modutar Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests

The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the botiom area
Material Dielectric parameters for required | 200 MHz — 6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
accoerding to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards

[1] [IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -

Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February

{2] IEC 62209 -

2005

[3] |EC 62208 ~ 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific

Absorption Rate (SAR) for ..

[4] KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Conformity

. including accessories and multiple transmitters”, March 2010

Based on the dimensions and sample tests above, we cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015
Signature / Stamp
Ww Bharecirp
arrapes 13, 4004 w%ﬁn
M‘-b DN Fam 44 2459779
S)Ga.;m R l.‘kuwspoaqwn
DocNo BB1 -QDOXOPS1C-0 Page 1(1)
F-TP22-03 (Rev.00) 215 /217 HCT CO.,LTD.



w
ha- FCC ID: ZNFM700F Report No: HCT-A-1706-F005-1

HCTCO.,,LTD.

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 bactericide 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. Harts grove.

Ingredients Frequency (MHz)
(% by weight) 835 1750 2 450 — 2 700
Tissue Type Head Body Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 52.6 68.8 54.9 70.17 71.88 73.2
Salt (NaCl) 1.4 0.9 1.45 0.94 0.4 0.2 0.18 0.39 0.16 0.1
Sugar 57.0 47.2 57.0 449 0.0 0.0 0.0 0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0.0 0.0 0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 47 31 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) 216 /217 HCT CO.,LTD.
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Attachment 6. - SAR SYSTEM VALIDATION

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

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

Dlelectrlc Parameters cw Valldatlon Modulatlon Validation
Probe Probe
Type CaIFl)bri?]ttlon Dipole)  Date Measured Measured | ...~ Probe | Probe MOD. | Duty
9 Permlttlwty Conductivity Y Linearity | Isotropy| Type | Factor

7 1630 [ET3DV6 | Head | 835 2017.03.10 41.3 PASS | PASS | PASS |GMSK PASS N/A
7 1630 [ET3DV6 | Head | 835 | 441 | 2017.03.10 41.3 0.88 PASS | PASS |PASS | N/A | N/A | N/A
5 3903 |[EX3DV4|Head | 835 | 441 | 2016.11.24 41.5 0.89 PASS | PASS | PASS |GMSK| PASS | N/A
7 1630 [ET3DV6 | Body | 835 | 441 | 2017.03.10 55.4 0.97 PASS | PASS | PASS |GMSK| PASS | N/A
7 1630 [ET3DV6 | Body | 835 | 441 | 2017.03.10 55.4 0.97 PASS | PASS |PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head | 1800 |2d007| 2016.11.24 40.1 1.41 PASS | PASS |PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head | 1800 |2d007| 2016.11.24 40.1 1.41 PASS | PASS | PASS |GMSK| PASS | N/A
3 3797 [EX3DV4 | Body | 1800 (2d007| 2016.12.7 53.1 1.5 PASS | PASS | PASS |GMSK| PASS | N/A
3 3797 [EX3DV4 | Body | 1800 (2d007| 2016.12.7 53.1 1.5 PASS | PASS |PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head | 1900 |5d032| 2017.03.31 40.1 1.42 PASS | PASS |PASS | N/A | N/A | N/A
4 1605 ET3DV6 | Head | 1900 |5d032| 2017.03.31 40.1 1.42 PASS | PASS | PASS |GMSK| PASS | N/A
3 3797 [EX3DV4 | Body | 1900 [5d032| 2017.03.31 53.3 1.53 PASS | PASS | PASS |GMSK| PASS | N/A
3 3797 [EX3DV4 | Body | 1900 [5d032| 2017.03.31 53.3 1.53 PASS | PASS |PASS | N/A | N/A | N/A
3 3797 EX3DV4 | Head | 2450 | 743 | 2017.03.24 39.2 1.83 PASS | PASS | PASS |OFDM| N/A | PASS
3 3797 [EX3DV4 | Body | 2450 | 743 | 2017.03.24 52.8 1.94 PASS | PASS | PASS |OFDM| N/A | PASS
5 3903 [EX3DV4 | Head | 2600 | 1015 | 2017.01.30 39.1 1.94 PASS | PASS | PASS | NA N/A NA
12 7370 |EX3DV4| Body | 2600 | 1015 | 2017.01.31 52.3 2.17 PASS | PASS | PASS | NA N/A NA

SAR System Validation Summary 1g

Note;

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