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h'a- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LTD
Schmid & Partner g Service suisse étalonnnge
Engineering AG g Servizio svizzero i taratura
Zoughaussirasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Acoredred by the Swiss Accredtatian Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement for the recognition of callbration certificates

Calibration date:

This calbeation cenficats documants the troceatiity to naicnal standeeds, wiich reshize the physical units of messwremants (51)
The meesuremetis snd the uncamsrtiss wih conficeacs probablity are givan an the folowing pages and are part of the certificarle.

All caibrations have been conducted In thi closed dorsiony faclity, snvrorment tnmperatre (22 £ 3)°C and humidity < 70%.

Calbraton Equipment used (MATE critical Toe calibration)

Primary Standards L4 Cal Dale (Camificate No | Scheduled Calibration
Power meter NRP SN 1M778 0-Apr-16 (No, 217-02288/02265) Ape1T
Powar sansor NRP.291 SN 103244 08-Apr-16 {No. 217-02288) Ape-17
Powar sansor NRP-Z91 SN 103245 06-Apr-18 (No. 21702289) Ape-17
Rah 20 dB A SN S5277 (20%) O5-Apr-16 (No. 217.02233) Agr-17
F Probe ESIDV2 SN 3013 31-Dec-15 (No. ES3-3013_Dec5) Dec-16
| DAE4 SN 660 23-Dec-18 (No. DAE4-660_Dects) Dec-18
Sacondary S 10 Check Date (in house) = 4 Check
| Power matar E44108 SN: GBA1293674 T5-Apr-18 {in house check Jun-16) | In house chack: Jun-18
Pawer sensor E4412A SN MY4 1486087 05-Apr-18 {in houne chedck Jur-18) In houss chack: Jun-18
Power sansor E44124 SN: 000110210 08-Apr-18 (in house check Jun-16) In house check: Jun-18
AF g HP B548C SN US3642001700 04-Aug-9% {in house check Jun-16} In house chack: Jun-18
Analyzee HP B7S3E SN US37360565 18-0ct-01 (in house check Oct-15) In howse check: Oct-16
Function
Cailbrated by botac
Approved by:

Ths cafibestion caificale shall not be reproduced except in il withou! weillen sparovad of the

Certificate No: EX3-3903_Sep16 Page 1of 11
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Calibration Laboratory of S  Schwsizerischer Katibrierd:

Schmid & Partner G Service suisse détalonnage
Engineering AG g Servisio svizzero dl taraturs

Zeughausstrasse 43, 0004 Zurich, Switzerfane Swiss Calibration Service

Accradiind by the Swiss Accrediation Sstvice (SAS) Accraditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration cortificstes

Glossary:

TSL lissue simulating Bquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

pCP diode compression point

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

A B.C,D modulation dependent linearization parameters

Polarzation ¢ o rotation around probe axis

Polarization 4 4 rotation around an axis that is in the plane normal to probe axis (al measurement center),

re., B =0is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X ta the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢} |EC 62209-2, "Procedure to detarmine the Specific Absorption Rate (SAR) for wrreless 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 GHZz"

Methods Applied and Interpretation of Parameters:

o NORMy,y.2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell, { > 1800 MHz: R22 wavegulde).
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|fx.y,z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions iater than 4.2, The uncertainty of the frequency response is inciuded
In the stated uncertainty of CanvF.

« 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.

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

o Axyz Bxyz Cxyz Dxyz VRxyz A B, C, D ate numerical linearation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
média, VR is the maximum calibration range axpressed in RMS voltage across the diode.

« ConvF and Boundsry Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distrbutions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 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.

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

*  Sensor Offsel: The sensor ofiset corresponds to the offset of vitual 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)

Cerificate No: EX3-3903_Sap16 Page 20of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX30V4 - SN:3803

September 28, 2016

Probe EX3DV4

SN:3903

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DVA4- SN:3903 Saplembar 28, 2016

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

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor Z Unc (k=2) |
Nomm (uVi(Vim))" 0.39 (.38 0.53 +10.1%
| DCP (mV)" | 102.5 106.2 1031

Modulation Calibration Parameters

uin c System Name A B c ) VR une’
6B | dBVWV | d8 mv (=2}
) cw x| o0 0.0 10 | 000 | 1740 | 435%
Y 0.0 0.0 10 | 1846
Z 0.0 0.0 1.0 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 uncertainties of Noem X.Y,Z do not affect ihe E*fieid uncaetainty Inside TSL (see Pages % and 6)

¥ Numerical inaarzation parameter; uncerainty not required

* Unoenainty is dotermined using the max: deviation from linear respanse applying rectangular distibuton sad 18 sxpressed fof the square of the
taki value

Corfificate No: EX3-3903_Sepié Page 4 of 11

F-TP22-03 (Rev.00) 131 /223 HCT CO., LTD



-~
“"’C'. FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
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EX3DV4- SN:2803 Septembec 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Mucﬂvﬂy Dopth * Unc
f(MHz)® | Permittivity” (sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 13.42 13.42 1342 0.00 100 | £133%
300 453 0.87 12.68 12.68 12.68 0.10 110 | £13.3%
450 435 0.87 11.00 11.00 11.00 0.20 125 | $133%
750 419 0.82 11.35 11.35 11.35 033 114 | 2120%
835 1.5 0.90 10.72 10.72 10.72 0.51 080 | +£120%
900 415 0.97 10.30 10.30 10.30 0.35 1.01 +12.0%
1450 40.5 1.20 B.76 8.76 8,76 0.39 080 | +£120%
1750 40.1 1.37 8.75 875 B.75 0.28 085 | +120%
1900 40.0 1.40 841 8.41 B.41 0.28 084 | +120%
1950 40.0 1.40 8,22 822 8.22 0.32 080 | £120%
2300 395 167 8.01 ]: 8.01 8.01 0.32 080 | +120% |
2450 39.2 1.80 7.54 I 7.54 7.54 0.31 0.84 £12.0%
2600 39.0 1.96 7.42 7.42 7.42 0.31 086 | £120%
5250 359 471 5.51 5.51 5.51 0,36 180 | 2131 %
5600 35.5 507 478 478 4.7 0.45 1.80 | £13.1%
5750 35.4 522 5.04 5.04 5.04 0.45 180 | $131%

‘meymmmmmazmuanwymbrmsvucmm(mvmzumnuwmwzsoum e
uncertainty &5 the ASS af the ConvF uncertainty &t caltiration fre y and the y bandl. Freg y valoty
below 300 MHz is « 10, 25, 40, 50 and 70 MHz far Com® assessments at 30, 64, 128, 150arudmmuwepow»¢ly ms@u'rmncy
vumymmmmm:ﬂouﬂz

' a1 troquencies bolow 3 Ghlz, tha validty of tissue parameters (¢ and o) can ba reiaxed 10 + 10% If hquic comp fion & i is appied 10
measured SAR values, AL fraquencies above 3 GHz. the valldity of 1ssue parameters [« and o) is resiricied to = 5% The uncertamty is the R3S of
the ConvF uncartanty for ingicated target tssue parameters,
% ajphaDapth are cetarmined during calibration. SPEAG warrants that the remaining deviaban dus (o thi boundury ffect aflee compensation i
ahways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GH2 & any distance larger than hat the probe Bp
dametar kom the boundary,

Cartificale No: EX3-3903_Sap16 Page Saf 11
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EXIDVA- SN:3903 September 28, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Rolativo Conductivity | [ Unc

F(MHZ)® | Permittivity" (8im)" ConvF X | ComvF Y 1 ConvFZ | Alpha® l {mm) (k=2)
150 651.9 0.80 13.33 13.33 13.33 000 | 100 | £133%
300 582 0.92 12.07 12.07 12.07 0.08 110 | £133%
450 56.7 0,94 11.85 11.85 11.85 0.10 120 | +133%
750 55.5 0.96 10.50 10.50 10.50 0.29 113 | £120%
835 §5.2 0.87 10.42 10.42 10.42 0.55 0.80 +12.0%
1750 | 534 1.49 B.37 B.37 8.37 0.35 0.91 £120%
1900 53.3 1.52 8.10 8.10 8.10 0.37 0,80 +120%
2450 527 1.95 7.69 7.69 7.69 0.33 0.85 +120%
2600 525 2.16 " 7.45 7.45 745 0.33 080 | +120%
5250 48.9 5.36 463 483 | 463 0.50 190 | £131%
5600 48.5 577 3.85 385 3.85 0.60 180 | £134%
5750 48.3 5.94 413 413 413 0.60 190 | 131 %

" Frequency valdty above 300 MHz of £ 100 MHz cnly applies for DASY vé.4 and higher (ses Page 2), eiss it s restricted 1o 1 50 MHz The
uncednty is tha RSS of the ComvF uncartainty at calibeaticn frequency and the uncantainty Yor the indicased frequency band. Frequency validity
Delow 300 MHz is £ 10, 2540, 50 and 70 Mz for ConyF assassments o) 30, 64. 128 150 ang 220 MHz mspoctvely. Above § GHz froquency
valdity can be extendatd o £ 110 MHz,
" Al requencies bakow 3 GHz. the validity of ssue parameters (e and o) can be relsxed o = 10% If Iguid compensaton fonmula is appiied o
measured SAR values. Al frequencies above 3 GHz. the validiy of tissue parameters (c and o) & restricted 1o £ 5% The uncanainty = the RSS of
theConvF uncertainty for indicatad targal Ussue parametans.
% Alpha'Depth are detammined dunng calbirason. SPEAG warrants thal the remaring teniation dus 10 tha b y aftact aftor

l2ss than 1 1% for fequencies below 3 GHz and below & Zﬁbhmsms—eeﬂxiunymmmmmanpmbwp
damater from the houndary.

Certificate No: EX3-3203_Sep16 Page Gof 11

F-TP22-03 (Rev.00) 133 /223 HCT CO., LTD



aCT

HCTCO,LTD

FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

EX3DV4-- SN:3803

Frequency response (normalized)

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

T

—-

: | N | s | [l | Koy | -
0 500 1000 1500 2000 2500 3000
f [MHz]

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

Seplamber 28, 2016

Certsficate No; EX3-3803_Sep18 Page 7 of 11

F-TP22-03 (Rev.00)

134 /223

HCT CO., LTD



aCT

FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
HCTCO,LTD

EX3DV4.- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
} ’ 3 3 s

00 S=tmpig-$F o1 bt 3 23 ugun-e-g-B-go-8 2 :

.'Az"—""ii".':
|

Error [d8]

16T Mkz € ’%] : 'w:’?'dn;- _“"L'

Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)

Cenificate No EX3.3903_Sap16 Pape 8 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3903

Cartificate No; EX3-3803_Sep16

Input Signal [uV]

Dynamic Range f(SARcad)
(TEM cell , fyuu= 1900 MHz)

Septamber 28, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3903 Saptember 28. 2016
Conversion Factor Assessment
f=835 MHz WGLS RS (H_convf) [ = 1900 MHz WGLS R22 {(H_comvF)
ET » i
i s ﬂ';
B ™
w
I"I‘l v ' ‘,I;:';' > 3 AII ”» - D;-, 3 ‘\: 1- ‘—'I;J;l I‘lVA. ‘77 -
=y " =8 i
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 -08 -06 -04 02 00 0z 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cartificate No; EX3-3803_Sep16 Page 10 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3903

September 28, 2016

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) T 333 |
"Mechanical Surface Detection Mode enabled
“Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Dismatar 10mm |
Tip Length g mm |
“Tip Diameter 25mm
_mg;sor'fﬁﬁhbmlion Point tmm |
[ Probe Tip to Sensar Y Calibration Poimt 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommaended Measurement Distance from Surface 14 mm

s

Certilicate No: EX3-3803_Sep16
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“"’C'- FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

HCTCO,LTD
Calibration Laboratory of o, Sclvwelzerischer Kalibrierdienst
Schmid & Partner S S Sarion mims (licange
Engineering AG % eovs i ol firutere
Zeughaussirasse 43, 5004 Zurich, Switzerland ‘«,,,,ﬁ\ >4 S swiss Catibration Sarvice
Accrodiied by the Swiss Accraditalion Secvice (SAS) Accrednation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates
client  HCT (Dymste ‘ Cortificate No: EX3-3863_Jul16
CALIBRATION CERTIFICATE |
|
Cject EX30V4 - SN:3863
Cafibeaticn procedurals) QA CAL-01.v9, QA CAL-12.v8, QA CAL-14.v4, QA CAL-23.5,
QACAL-2546
Calibrath : ocedirs for dosimetric E-flaid probes
Caliirstion date July 28, 2016
This calibeation cenificate documents the traceabiity to naional standards, which realze the physcal units of emants (S1)
Tha ts and the L Jas with confich probablity are given on the following pages and sre part of the certificate.

[&m Exquipment used (M8 TE cracal tor calibeation)

All calib vs Nawve besn cond n the dosed lnbotatory taciity: anvironmant semperature (22 = 3)°C and humidity < 70%

Primary Standards 0 Cal Date (Certificate No. | Scheduled Catbration
Powar meter NRP SN: 108778 06-Age-16 (No. 21702288002289) Ape-1T
Power sersor NRP-Z91 SN: 103244 05-Agr-16 {Na. 217-02288) Aor-1T
Power sersor NRP-Z01 SN: 103245 05-Apr-16 {No. 217-02288) Apt-17
Reference 20 dB Atanuator SN: S5277 (20x) 05-Apr-16 (No. 217-02283) Apr-17
Reference Probe ES30V2 SN: 3013 3t-Dec-15 (No. ES3.3013_Dec15) Oec-16
OAE4 SN- &80 73-Dec-15 (No. DAEA-B50_Dec'5) Cwc-16
Sacoodary Standsrds 0 Chack Date {in house) Scheduled Chack
Powear meter E44188 SN. GBA1293374 06-Apr-18 (in house check Jun-16) In howse check: Jun-18
Powar sensor EA492A SN: MY4142980687 D6-Agr-16 {in house chadk Jun-18) In house check: Jun-18
Power sensor E4412A SN, 000110210 05-Apr-16 {in house chack Jun-18) In house check: Jun-18
R¥ g HP 8648C SN; US3B42001700 04-Aug-86 {in house check Jun-18) in house chedk: Jun-18
Network Analyzer HF 8753E EN: US37360585 18.0c4-01 (in houss check 021-15) In bouse check. Oct-18
Namo F\{ncnon
Gallbrated by: ‘Clatdo Leutiar Leboraiory Technician
] )

Issued: July 29, 2015

This certificate shall not ba reproduced excest in full winout wison approval of the lsbaratory.
Certificate No: EX3-3863_Jui18 Page 1 of 11
F-TP22-03 (Rev.00) 139 /223 HCT CO., LTD
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HCT CO,LTD

Calibration Laboratory of A §  Sehweizsrischer Kailbriardienst

Schmid & Partner % G Service suisse détaionnage
Engineering AG T g Servislo sviazera df taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland S ,{flx\\__\,y’ Swiss Calibration Service

Acorodied by the Swiss Acorediiation Serice (SAS) Accreditation No.: SCS 0108

The Swiss Accroditation Service Is ona of the signatories to the EA

Multiiatoral Agreement for the recognition of calibration cartificatas

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

ConvF sensiivity 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 inearization parameters

Polarization ¢ o rotation around probe axis

Polarization 3 & rofation around an axis that is in the piane normal to probe axis (al measurement center),

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

Calibration is Performed According to the Following Standards:

a)

b)
<)

d)

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

|EC 82208-1, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-held davices 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 closa proximity to the human body {frequancy range of 30 MHz to 6 GHz)", March 2010

KDB 8856684, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

NORM(Ax.v.z = NORMx,y.z * frequency_respanse (see Frequancy Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is inciuded
in the stated uncertainty of ConvF

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

PAR! PAR is the Pesk to Average Ratio that is not calibrated but determined based on the signai
characteristics

Ax.y,z; Bx,y.z: Cx.y.z: Dx.y,2; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweap for specific modalation signal. The parameters do not depend on frequency nor
media. VR is the maximum cakibration range exprassed 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 selups are used for assessmant af 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 ta the boundary. The sensitivity in TSL cofresponds
to NORMzx,y,z * ConvF whereby the uncertainty comesponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows extending the vaidity from £ 50 MHz to + 100
MHz

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

Sensor Offset: The sensor offset corresponds to the offset of virtual measuremeant 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),

Corfificate No: EX3-3883_Julé Page 2 of 11
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Report No: HCT-A-1611-F003-1

EX30V4 — SN:3863

Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: July 28, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systam!)
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN:3863

July 28, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
[ Norm (uWi(Vimyy® 0.35 0.34 | 0.44 | 2101 %
| DCP (mV)" 98.2 101.0 * 99.6 |
Modulation Calibration Parameters
uin c Ication System Name A 8 c D VR Unc™
dB | dBVyV 8 | mv | (k=2
0 _low X | 00 0.0 10 | 000 | 1314 | 0%
' Y 00 | 00 1.0 148.2
[ 'z | 00 | 00 10 1497

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 uncerainties of Namm XY .Z 4 nat affect the E7.fisld uncerainty Inside TSL {see Pages 5 and 6),

Y Numarnical Iinearization parameder uncestaingy not reguired.

* Uncertainty ia dstermined using $ho max. deviation kom Inear response applying rectangular distribution and & exqresssd for (ha souane of the

field valoe
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EX30Va~ SN:3863 July 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc

1(MHD)® | Permittivity” (Sim)* ConwF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.78 12.50 12.59 12,59 0.00 1.00 | £133%
300 453 0.87 1175 175 1176 | o1 120 | £133%
450 43.5 0.87 10.84 10.84 10.84 0.20 125 | +133%
750 41.9 0.89 10.44 10.44 10.44 0.36 108 | £120%
835 415 0.80 10.03 10.03 10.03 0.48 023 | £120%
900 415 0.97 9.61 9.81 9.81 0.28 111 | 2120%
1450 405 1.20 8.84 8.84 8.84 0.32 080 | £120%
1750 40.1 1.37 8.65 8.65 8.65 0.28 097 | +120%
1900 40.0 1.40 6.38 8.38 8.38 0.33 080 | £120%
1950 200 1.40 8.00 8.00 | 800 0.33 080 | £120%
2300 385 1.67 7.84 7.84 7.84 0.30 080 | £120%
2450 392 1.80 7.42 7.42 7.42 0,39 080 | £120%
2600 39.0 1.96 7.7 747 717 0.41 0.81 +12.0 %
5250 35.9 471 5,01 5.01 5.01 0.40 1.80 | £131%
5600 355 5.07 4,85 485 4.85 0.40 1.80 | £13.1%
5750 354 522 | am82 4.92 4.92 0.45 180 | £131%

‘quncyvmnym:mmzdz!oowzwyappuutumsvuawm»u(mmnp.-uummw:soumm
uncentainty is the RSS of the ConvF unceranty at calibraticn frequancy and the inty for the d fres band. Frequency validity
bolerw 300 MHZ I8 = 10, 25, 40, 50 and 70 MH2 for ConvF assessments at 30, B4, 128, 150 and 220 MHz respectively. Above 5 GHz frequancy
vatlidity can be extenced to 4 110 Mz

'Nfroqwnc'nebdou:i@ﬂlwwidﬂydmmkwn)mbuimdtnsw?'.lllmum- P 1 i du = apphed 0
MSARquu.MhomcmmSGHz.Irnvdadnydﬁnuaonammn{Luwalbmm:sx.TbeuncmmslmRSSd
e Comf uncertainty for indicated target lissue parameters.

“ AlphaOepth are determined during calbration SPEAG warrants thal the remaining deviation due 10 the boundary effect after compensation is
umylIeum-n:1'lrumu'dnhcbw3Gl‘kmab«kmtnwtmqumnbemﬁGwmmummbwmanwlmmnp
diamener from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Ralative Conductivity Depth ® Unc

| 1(MHz)® | Pormittivity" {Stm)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12.11 12.11 12.11 0.00 1.00 | 2133%
300 58.2 0.82 11.56 11.58 1156 | 0.05 120 | +133%
450 56.7 0.94 11.24 11.24 1124 | 009 125 | £133%
750 55.5 0.96 9.98 9.98 9.98 0.48 082 | £120%
835 55.2 087 8.73 9.73 9.73 0.48 080 | 2120%
1750 53.4 149 8.17 817 B8.17 0.40 083 | 2120%
1900 53.3 1,52 7.83 7.83 7.83 0.38 083 | £120%
2450 52.7 195 7.45 7.45 7.45 0.38 0.80 | +120%
2600 52.5 2,16 7.24 7.24 7.24 0.32 0.80 | £120%
5250 48.9 5.36 449 449 4.49 045 190 | 2131 %
5600 48.5 5.77 arm | 377 arr | oss 190 | +131%
5750 48.3 5.94 4.19 419 4.19 055 | 190 | +131%

cmewul‘dﬁymmMHsdg100MHLonlyopoluhrOASYNlmaﬁgbef{mPaq-n.mlismsmodloesonlux.Tha
uncerisinty s tha RSS of the ConviF uncertainty 8t catration fraguency and Ihe uncertainty for the indicated Frequency band. Frequency vahdiy
Bbelow 300 MHz is + 10, 25, 40, 50 and 70 MHz for Com® assessments & 30, 54, 128, 150 anc 220 MHe respectively. Abave 5 Gz frequsncy
valdty can be extended 10 = 170 MHZ

* At frequencies below 3 GHz, the validty of issue parametars (r and a) can be ralaxad 1o = 10% if iquid compensation farmula is appied to
mons«ndSARvahnas.Nmmam!Giz.theva!dlydtw:pwnm(zanua)hmmﬂbzﬁ% The uncenainty ts the RSS of
the Canvf unoaitanty for Indcated tarpet lissus parametans.

U AlphaiDeptn are Gelermined during calbration. SPEAG warmants that the remaining cestaton tue to the boundary effect afier compensstion &
auavsleesm:1%hﬁmmmw36mwbsbn:2%vunmnwmSﬁmuwdmmmmmmmmnp
diamenar from the boundary.
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EX30V4- SN-3863 July 28. 2018
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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EX3DV4- SN:3B63

July 282016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz, R22
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Uncartainty of Axial Isotropy Assessment: £0.5% (k=2)

Certificate No; EX3-3863_Jul16 Pape 8 of 11

F-TP22-03 (Rev.00)

146 /223 HCT CO., LTD



-~
“'I'C'- FCC ID: ZNFM250H

HCT CO,LTD Report No: HCT-A-1611-F003-1
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Dynamic Range f(SARpeaq)
(TEM cell , fouy= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f = B35 MH2 WGLS RS (H_conF) = 1900 MMz WGLS R22 (H_comF)
£ £ »
g 20 g
i §
w " & e,
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
10 084 -06 04 02 0D D02 0',4 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters
Sensor Arrangement Triangular
Connector Angle (7) 107.2
Mechanical Surface Detection Mode o enabled
Optical Surface Detection Mode disabled
Probe Overali Langth 337 mm

[ Probe Body Diameter 10mm
Tip Length 9 mm |
Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip 1o Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4 mm |
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

HCT CO,LTD
Calibration Laboratory of S, Schwalarischer Kalbaardenst
Schmid & Partner Sarvice sulsse d'dalonnage
Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland @ Swiss Calibration Barvics

Accredifed by the Swss Accredilabon Servicas (SAS)

W

Accraditation No.: SCS 0108

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

Calbraton dale

Caiibeation Equpment used (MBTE critical for calibration)

This calibration certificale documents the lracesbiily to nationa] standards. which reakze the piysical unts of measuremeants (1),
The massurements sod the uncanainbes wilh confidenca probadiity are given on the following pages ond are part of the cenlficais

Al caiibrations have beer conducied in the cloged laboratory facilty: anvironment temperaturs (22 = 5)°C and bumidity < T0%

Thes calibeation cartificate shall not be repeoduced excegt in ful wihout wilen approval of the b

Primary Standards 1D Cal Date {Certifcate Na.) Scheduled Callirmtian
Pawer meter NRP SN- 104778 06-Apr-18 {No. 217-02268402288) Ape-17
Pawer sensor NRP-291 SN 103744 08-Apr-16 (No. 217-02288) Apr-17
Bower senscr NRP-Z91 SN. 103245 06 Ape 16 (No. 217-02269) Ape-17
Hok 20 08 Attenustar SN S5277 (20x) 06 Ape- 18 (Na. 217-02293) Apr-17
Refarence Probe ESIOV2 SN: 3013 31-0pc-15 (No, ES3-3013_Decis) Dec-18
| DAE4 SN E501 23 Dec 15 (No. DAE4-560_Dec15) Dat-16
Standards D Check Date (In houss) Scheculed Chack
Power muter E44158 SN: GBA1293674 00-Apr-16 (in house check Jur-16) In house chadkc Jun-18
| Power sensor E4412A SN MYA41496087 08-Apr-18 (in house check Jun-16} In house check: Jun-18
Power sensor E44124 SN 000110210 00-Apr-18 (in houss check Jun-16) In house check: Jun-18
RF g HP 66400 SN US3I542U01700 04-Aug-69 (in house check Jun-16) In house chack: Jun-18
Notwork Aratyzer MP 8753E | SN US37390585 18-Oct01 (in housa check Oct-15) In house chock: Oct-18
Caibrated by.
Approved by

lasued: July 29, 2018
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HCTCO,LTD

Calibration Laboratory of A, Schwelzasischer Kalibrierd

Schmid & Partner N g Service suisse d'étulonnage
Engineering AG T g Servisiosvizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerfand 4%;5‘\‘\\\\? Swiss Calibration Service

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

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

Multitateral Agreament for the rocognition of calibestion cestificates

Glossary:

TSL tssue simulating fiquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,2

DCceP diode compression point

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

A B,C.D modulation dependent linearization parameters

Polarization ¢ i rotation around probe axis

Polanzation 5 1 rotation around an axis that is in the plane normal to probe axis (at measurement center),

iLe., 8 =0isnormal lo probe axis
Connector Angle information used In DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c}

d)
Meth

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

|IEC 62200-1, "Procedure 1o measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

|EC 62200-2, "Procadure 1o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity (o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 8585664, "SAR Maasurement Requirements for 100 MHz to 6 GHz"

ods Applied and Interpretation of Parameters:
NORMx,y,2: Assessed for E-fiald polarization 8 = 0 {f < 900 MHz in TEM-ce¥i; f > 1800 MHz; R22 waveguide).
NORMx.y,z are only intermediate values. i.e., the uncertainties of NORMx.y.z does not affect the E”-field
uncertainly Inside TSL (see below ConvF).
NORM(f)x,y,z = NORMx.y,z * fraquancy_response (see Frequency Response Chart). This linearization is
implemented in DASYA software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncerainty of ConvF,
DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with cwW
signal (no uncertainty required). DCP does not depend on frequency nor media.
PAR: PAR s 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.yv.2; VRx,y,z: A, B, C, D are numerical knearization parameters assessed based on
the data of pawer sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.
ConvF and Boundary Effect Parameters: Assessad in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anaiytical field distributions based on power
measurements for { > 800 MHz, The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 1o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the uncertainty correspands to that given for CanvF. A frequency depandent
ConvE is used In DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz.
Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using 2 fiat phantom
exposed by a patch antanna.
Sensor Offset: The sensor offset comesponds to the offset of virtual measurement center from the probe Ui
(on probe axis). No tolerance required.
Connecior Angle: The angle Is assessed using the information gained by determining the NORMx (no
unceriainty required),

Certificate No: ET3-1605_Jul16 Page 2ot 11
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

ET3OVE - SN 16806

July 29, 2016

Probe ET3DV6

SN:1605

Manufactured:  July 27, 2001
Calibrated: July 29, 2016

Calibrated for DASY/EASY Systems

(Nate: non-compatible with DASY2 system!)
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ET3DV8- SN:1605 July 28, 2016

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

Basic Calibration Parameters

i Sensor X Sansor Y SensorZ Une (k=2)
| Nomm (uVi(Vim)*)* 146 1.83 1.55 £ 101 %
| DCP (mV)" 100.9 99.5 99.3
Modulation Calibration Parameters
uiD Communication System Name A 8 c ) VR Unc"
dB dBVuv B8 mv (k=2)
0 cw X 0.0 0.0 1.0 000 | 2182 | #38%
Y 0.0 0.0 1.0 2325
z 0.0 0.0 1.0 210.7

The reported uncertainty of measurement is slated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage

probability of approximatety 95%.

A The uncertainties of Norm XY Z da not affect the E*-fisld uncenainty inside TSL (ssa Pages 5 and 6)
¥ Numnerical insargation parameter uncensinty nol reguired

¥ Uncartainly is detemined usng the max, deviaton from Inear respanse applying rectangular distnby Y ang s exp d for the square of the
fiedd value
Certificate No: ET3-1605_Jul16 Pagedof 11
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ET3DVE- SN:1605 July 28,2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Rolative Conductivity Depth Unc

f(MHz)® | Permittivity” {8im)” ConvF X | ConvF Y | ConmvFZ | Alpha® | (mm) {k=2)
750 419 0.89 6.96 6.08 6.96 032 | 281 | £120%
835 415 0.0 6.60 6.60 6.60 035 | 280 | +120%
00 415 097 | 650 8.50 6.50 031 | 284 | $120%
1450 405 1.20 5.64 564 5.64 048 | 260 | £120%
1750 40.1 1.37 5.37 537 5.37 072 | 215 | £120%
1900 40.0 1.40 516 | 518 5.18 080 | 208 | +120%
1950 40.0 1.40 5.03 5.03 5.03 080 | 210 | £120%
2300 395 187 4.79 479 4.79 080 | 205 | £120%

© Frequancy velidity sbove 300 MHz of + 100 MHz onty applies for DASY w44 ard higher (see Pags 2). else It Is resinciad 1o ¢ 50 MHz. Tha
uncartanty ks the RSS of the ConvF uncertanty at cafibeation frequency and the uncertainty for the indcated frequancy band. Frequency valdty
bedow 300 MHZ 15 = 10, 25, 40, 50 and 70 MMz for CanvF ussesameny st 30, 64, 128, 150 and 220 MHz respecavely, Above 8§ GHz frequency
vuhdny can be extended to £ 110 MHz,

" AL trequencies below 3 (3Hz, the validity of ¥ssue parameters (c and o) can ba retaxsd 10 + 10% ¥ fgud compensaton formula 1s appled to
maasured SAR values. Al lraguancies above 3 GHz, the valldity of tssue paramaters (c and a) is restncted 1o £ 5%. Tha uncartainly is the RSS of
mwmnlywlmwwuump-nmm

% ajphaDepth are determined curing calb . SPEAG that the r g daviation due to the boundary efact atter compensation is
siways l8ss than = 1% for frequancies b-bwaGNzandbelowzmbrkeqmoemmHGHtal any distance larger than half the probe tp
dameter from the baundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relath Conductivity | Depth® Unc |
f{MHz)" | Permittivity” (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 55.5 0.96 6.55 6.55 .55 0.39 228 | +120%
835 55.2 0.87 642 | 642 6.42 0.42 223 | 2120%
1750 53.4 1.49 4.79 4.79 4.79 0.80 238 | 2120%
| 1900 53.3 1.52 4,55 4.55 4.55 0.80 246 | 2120%

“ Froguency validity above 300 MHz of + 100 MHz only applies for DASY Wi 4 and highar {see Page 2), eise it s rastncted to 4 50 MHz. The
uncartaiy ks fhe RSS of the ConvF uncenainly at caityation fraquency and the uncerainty for the indcated frequency band. Frequency validity
below 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 Mz respecively. Above 5 GHz frequency
validity can be extenced 10 + 110 Mz,

" A frequencies below 3 Gz, the validity of tssue paramelers (« &0d o) can ba relaxed to + 10% # qud compensaton formula is appled 1o
massured SAR values. At frequancies abava 3 GHz. the valkifly of tusue parameters (r and o} i reglricted (o + 5% Tha uncentainty is the RSS of
tha ConvF uncartanty for indcated target Hssue paramedars

" alphaDapth are determined during cakbraion. SPEAG warrants that the remaining daviation due to the beundary effect sfer compeasation =
siways less than & 1% for frequencies below 3 GHz and below ¢ 2% for Mequencies betwesn 3-6 GHz at any distance larger than ha¥ the probe o
damesar from the boundary
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ET3IDVG- SN:160S July 26, 2016

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

ncy response (normalized)

Freque
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f (MHz]

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), $ = 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: ZNFM250H

ET30OVE~ SN:1805

Input Signal [uV]

July 29, 2018

Dynamic Range f(SARcaq4)
(TEM cell , fora= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

f=835 MHz WGLS RS (H_convF) f = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz

Lossbeo
o-;—f’,,'.uovv&

40 08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ETIDV6- SN:1605 July 28, 20186

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (") 588
“Mechanical Surface Detection Mode | enabled
Optical Surface Detection Mode disabled |
Probe Overall Langth l 337 mm |
Probe Body Diameter 10mm |
Wﬁ— T 10mm
Tip Diameter 6.8 mm
Probe Tip 1o Sensor X Calibration Point 27mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
“Probe Tip to Sensor Z Calibration Polnt 2.7 mm
Recommended Measurement Distance from Surface 4 mm
Certificate No: ET3-1806_Jul16 Page 11 of 11
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HCTCO,LLTD

Calibration Laboratory of S, Schweizerischer Kadibrigrdierist
Schmid & Partner = : Service sulsse détalonnage
Engineering AG 2 3 g Servisio svizero di taratura
Zeugh 43, 8004 Zurich, Switzarland g@# \- ‘,, Swiss Callbration Servics
Accredited by the Swiss Acredtation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Secvice is one of the signatories to the EA
Muititateral Agreement far the recognition of callbration cartifcates

Client

This catbeation cenficate doouments the trmcaatiity to natona! standards, which realze the phy wnis of 151

The measaur and the with canfidence probabilty are given on the following peges and are part of the cenificate.

AV caribrations have been conducied in the dossd laboratary fastity: emi 122 £ 3Y°C and humidity < 70%.

Catbraton Equipment used (MATE critical for calibration)

Primary Standards 0 Cal Date {Conficate Na ) Scheduted Caltira
Power mater E44198 GB41293872 Ot-Apr-15 (No. 217-0212€) Mar-10
Poww sensor E4412A MY41458087 O1-Apr-15 (No 217-02128) Mar.18
| Refaeace 3 dB Attenuatol SN 55054 (3¢} G1-Apr-15 (No. 217-02120) Mar-10
Reterence 20 uB Ateruator SN 85277 (20x) Of-Apr-15 (No. 217-02132) Mar-18
Refacence 30 0B Atlenuator SN. 55129 (30b) Qt-Apr-15 (No. 217-02133) Mar-10
Retorance Probe ES30VZ 5N 3013 30-Dec-4 (Na. ES3.3013_Dec14) Dec-18
DAE4 SN 660 t4-dan-15 (No. DAE4-8EQ_Jan15) Jan-16
Standands 0 Chack Data (i housal} Scheduled Check
RF genarator HF BS48C US3842U01700 4-Aug-88 {In house check Apr-13) In hause check: Apr-18
Network Analyzer HP 6753E | US37390585 1E-Oct-01 (in house check Oct-15) In hause check: Ogt-18
Function
Cattwatad by shoratory Te
Appraved by:

This calibration camficate shall not b reproduced except in full without wntten spproval of e lsbomsory.
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1
HCTCO,LTD
Calibration Laboratory of S S Schweizarischer Kalibriecdicnst
Schmid & Partner % G Service suisse détalonnage
Engineering AG T = Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzarland LT S Swias Calibcation Servics
Hlihon®
Accredied by (he Swiss Accredgation Serace (SAS] Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the recognition of calbeation cerntificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity In free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB.C,D modulation dependent linearization parameters
Polarization p o rotation around probe axis
Polarization 9 8 rotation around an axis that is in the plane normal to probe axis (al measuremeant centar),
Le, 8 =0 & normal to probe axis
Conneclor Angle Information used in DASY system to align probe sensor X 1o the robot coordinate System

Calibration is Performed According to the Following Standards:

a)

b)
<)

d)

|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

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

KDB 865664, "SAR Measursment Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

NORMzx.y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; | > 1800 MHz: R22 wavaguvda)
NORMx,y,z are anly intermediate values, i 6., the uncertaintios of NORMx,y.z does not affect the E*-fisld
uncertainty Inside TSL (see below ConvF),

NORM()x.y.z = NORMx.y.z * frequency_response {see Frequency Response Chart), This lineanzation is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency 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 unceriainty required). DCP does not depand on frequency nor media.

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

Ax.y,z; Bx,y.2; Cx,y,2; Dx,y.z; VRx.y.z. A, B, C, D are numerical lingarization parameters assessed based on
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range éxpressed in RMS voltage acrass the diode.

ConvFF end Boundary Effect Parameters, Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anahytical field distnbutions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
usad in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMYx.y.z * CanvF 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 vaidity from £ 50 MHz to = 100
MHz,

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

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),

Centificate No: EX3-3797_Nov15 Page 20! 11

F-TP22-03 (Rev.00) 162 /223 HCT CO., LTD



aCT

HCTCO,LTD
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Report No: HCT-A-1611-F003-1

EX3DVa - SN:3797

November 24, 2015

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 24, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ2 system!)
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX30Va- SN:3767

November 24, 2015

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

rBasic Calibration Parameters

; Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVi(Vim)’)* 0.62 0,58 0.56 +10.1% |
| DCP (m\V)" Qg 5 7.0 98.4
Modula(ipn Calibration Parameters
uio Communication System Name A B8 ¢ (7] VR Ung®
_— g d8 dByuv dB mV (k=2)
0 cw X 0.0 0.0 1.0 000 | 1775 | 225%
Y 0.0 0.0 1.0 1769
Z 0.0 0.0 1.0 1718

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

* The uncartainties of Norm X Y.Z do not affect the E*fisld uncentanty inside TSL (see Pages 5 and 6),
" Numerics! ineanzstion parsmeler uncerainly not requinsd.
 Uncertaity s determingd uaing e max. daviation from linegr respanss dpplying rectangular dsintul

fisld vale

ang & exp & for Iha sguare of he

Cartificate No: EX3-3787_Nov15
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EX30V4-SN:3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth* Unc
f(MHz)® | Pormittivity” |  (Sim)" | ConvEX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 419 0.89 9.38 9.38 9.38 0.32 0.96 +120%
835 415 0.90 8.98 B.98 8.98 0.16 178 +12.0 %
900 415 097 5.56 B.86 8.86 021 | 153 +120%
1450 40.5 1.20 7.73 7.73 7.73 0.15 1.77 +120%

1750 40.1 1.37 7.85 7.85 7.85 0.35 0.80 +120% |
1900 40,0 1.40 7.61 7.61 761 0.34 0.80 +120% ‘

1950 40.0 1.40 7.32 7.32 7.32 0.39 0.83 +120%
2300 395 1.67 1.27 1.27 7.27 0.39 0.85 £12.0%
2450 39.2 1.80 6.90 6.90 6.90 0.40 0.80 +12.0%
2600 39.0 1.96 65.68 6.68 6.68 0.48 0.80 £12.0%
3500 378 2.9 6.61 6.61 6.61 0.39 0.99 131 %
5200 36.0 4668 4.80 4.80 4.80 : 0.40 1,80 213.1%
5300 359 476 459 4.59 4.58 0.40 1.80 2131 %
5500 35.6 456 4.52 4,52 4.52 0.45 1.80 +13.1 %
5600 35.5 5.07 4.1 4.21 a1 0.50 1.80 131 %
5800 353 527 420 4.20 4.20 050 | 1.80 +131 %

" Fraquency validey above 300 MHz of 2 100 MHz only sppies for DASY w44 and highar {see Paga 2), eise it is restricted 1o = 50 MMz, The
uncertainty @ the RSS of the Comd uncenaintly &t calteaton frequency and the uncariainty for the indcated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComF assessments at 30, 64, 128, 150 and 220 Mz respectively. Above 5 GHz frequency
mcenbemmaw~noum

" At frequencies bolow 3 GHz, the validity of lissus parametens (c and o) G8n ba refaxed 10 + 10% I foud 1 $a = apphad to
measured SAR vades, Al froquancies above 3 GHz. the validity of ts5ue parameters (c and o) is restricted to = 5%, Theuncensnty-ovaSSd
the ConvF uncertainty for ndicated target bszue paramelars.

“ Alpha'Depth are detarmined during calitration. SPEAG warrants thal the remaining deviation dus 10 the y offoct after ¢

always less than ¢ 1%hrbwmbehw.'l@-unmnmszWﬁmummMUmmmydmmowmmﬂmmw
diameler from the bowndary
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EX3DVA.- SN.3797 November 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

3 Relative | Conductivity [ Depth * Unc

f (MHz) Permittivity (8m)* ConvF X | ConvFY | ConvFZ | Alpha (mm) | (k=2)
750 555 0.96 9.39 9.39 9.39 029 1.16 +£120%
835 55.2 0.97 9.17 0.17 ‘ 9.17 0.32 1.08 +120% |
1750 534 1.49 7.52 7.52 ! 7.52 0.42 0.80 +£120% ‘
1900 53.3 1.52 7.32 7.32 ‘ 7.32 0.31 0.97 +120%
2450 52.7 1.85 5.91 6.91 8.91 0.34 0.85 £120%
2600 525 216 . B6.75 6.75 6.75 0.16 0.99 £120%
5200 49.0 5.30 424 4.24 424 0.50 1.90 +13.1%
5300 48.9 542 407 4.07 4.07 0.80 1.90 £131%
5500 486 | 585 380 | 380 3.80 055 | 190 | £131%
5600 48 5 5.77 3.54 354 3.54 0.60 1.90 $13.1%
5800 482 6.00 3.84 384 384 | O0&0 1.90 +13.1%

" Frequency validity sbove 300 Mz of = 100 Mz ory applies for DASY vl 4 and highes (sse Page 2, sise £ s restricted 1o + 50 MHz Tha
uncanainty is the RSS of me ConyF uncantanty at calibeation Sequency and tha uncantainty for tha = frequency band. Fraquancy valkity
Dalow 300 MHZ is = 10 25, 40, 50 and 70 MHz for ConvF assessmonts @t 30, 64, 128, 150 and 220 MHz respectively. Above 5 Gz frequancy
vmmycsnbomnmwxnomz
' Al Irmquencies below 3 GHz, the validity of tesue paramaters { and o) can be relaxed 1o = 10% If liquid pensation f 1a is appled 1o
muasired SAR values. At frequencies above 3 GHz, the validty of hssue parameters (¢ and ) @ restrcied 1o £ 5%. mmmvmneﬂssa
m:ComFummmyhrmocmM-MImemm

| ore datermined during caitrution. SPEAG wartanty that (hs remaining devialicn due %o tha boungsey sftect afier compensation is
aways less than = 1% for frequancias besow 3 GHz and belw = 2% for fraguencias betawen 3-6 GHz at any astanca larger than had the prote op
diametar from the boundary

Certificate No: EX3-3797_Nov1s Page 6 of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4-- SN:3797

Frequency response (normalized)

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

November 24, 2015

e d A4 T ) S . - | | | | | :
0 500 1000 1500 2000 2500
f [MHz]

Uncertainty of Frequency Response of E-fleld: £ 6,3% (k=2)

3000
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EX3DV4.. SN.3797 November 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
N 4 ;wl‘.' " . 7 / :_; % L
» ° B ’ . . .
T X Y 4 Tat x Y b 4

&
k)
E 004 8=F-g=g—g A o B e B e o = B o o e o = [
it :
YA - 1 . | T
1 AL ] 0 5 1
Roll []
1 ‘tTH—t ot FT—*'I: '%‘.Eﬂ'ﬁj—«: » ,-T.Cu-;
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cenlificate No: EX3-3797_Nov15 Page 8of 11
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

EX3DV4- SN-3797

Dynamic Range f(SAR}caq)
(TEM cell , foyu= 1900 MHz)

November 24, 2015
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Uncentainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

EX3DV4- SN.3797

=835 MHz. WGLS R9 (H_comfF)

November 24, 2015
Conversion Factor Assessment

= 1900 MHz WGLS R22 (H_convF)

£n
\ Z
™
Kl
w
L
. “— 1 Y T R T S T PETT Py P T s
=~ = - - - L . w " o n n ar -
R ] Al ‘
£ 21 1)
resssw=! = Ternset

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

o=
@ ;o

Deviation

D A ooSR
*6°¢$b~&

coeas

10 -08 06 04 02 00 02 04 08 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30V4- SN:3787 Novernbaer 24, 2015

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

Other Probe Parameters

Sensor Arrangement Triangudar |
Connector Angle (*) 67.5
| Mechanical Surface Detection Mode enabled
Optecai Surface Detection Mode disabled
Probe Cverall Length 337 mm
Probe Body Diamater = 10 mm
Tip Length amm
Tip Diameter 25mm
‘Probe Tip to Sensor X Calibration Point Tmm
Probe Tip to Sensor Y Calibration Point | 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measuroment Distance from Surface 1.4 mm
Cartificate No: EX3-3787_Novi5 Page 11 of 11
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HCTCO,LTD
. . Sy,
(S::hbfatlon Laboratory of S, § Schweizerischer Kalibrierdienst
hm{d & I_’artner % C Service suisse détslonnage
Engineering AG T Servizio svizzero di taratura
Zoughaussirasse 43, B004 Zurich, Switzeriand % ,ﬁ\“\‘} S Swiss Calibeation Service
BB

Accradited by the Swiss Accreditation Servcs (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiisteral Agreement for the recognifion of calibration certificates

Accreditation No: SCS 0108

cient  HCT (Dymstec) Cartificate No: D750V3-1014_Jul16
CALIBRATION CERTIFICATE
Object D750V3 - SN:1014
Calibeation proceduseds) QACAL-05v9. | o
Calibration procedure for dipole validation kits above 700 MHz
Calibration date: July22, 2016

This calibeation cedificate documents the {racesbilty to national standards, which reaize the physical units of measuremants {S1),
The meast s and he ur intims with confidence probablity are glven on the follawing pages and ame part of tha candicate

All calibrations have been conducted in the closed laboratory taclity: snvirpnmaent tumperature (22 = 3)°C and humdity < 70%,

Calitention Equipment used (MATE critical for callbration)

Primary Standards 10 & Cal Dato (Cortficate No.) Schaculed Cailbration

Powser mater NAP SN: 104778 05-Ape-16 (No. 217-02288K0228%) Ape17

Powar sanaor NRP-Z91 SN: 103242 06-Apr-16 (No. 217-022388) Ape-17

Power sensor NAP-291 SN: 103245 08-Apr-16 (No. 217-02289) Apr-17

Fieleranca 20 dB Atteauator SN: 5068 {20k) 05-Apr-16 {No. 217-02292) Apr17

Type-N mismatich combination SN; 5047 2/ 06327 05-Apt-16 (No. 217-02285) Apr-17

Aelerance Probe EX30VA SN; 7340 16-Jun-18 (No. EX3-7348_Jun16) Jun-17

DAE4 SN; 601 40-Dec-15 {No. DAEA-601_Dec15) Doc-18&

Socondary Standards 10 ¥ Check Date (in hovss) Soheduled Check

Powsr metsr EPM-4424 SN GBIT480704 07-0ct-15 (No. 217-02222) In house checke Oct18

Power sansor HP 8481A SN: US37292783 07-0ct-15 (No. 217-02222) In house check: Oct-16

Power sansar HF 84814 SN MY41092317 07-0ct-15 (No. 217-02223) In house checke Oct-16

RF genecator A&S SMT-06 SN 1006972 15-Jun-15 {in house check Jun-15) in housa check: Oct-16

Network Anatyzer HF 8753E | SN US3T360585 18-0ct-01 {in houss check Oct-15) in housa check: Oct-16
MName Function

Cadbrated by: Claudio Laublar Laboratory Technician

Aporoved by, Rasa Pokavic.

This caliteation corificate shall not be reproduced excepl in full without written appeoval of the laborstory.

lssued, July 26, 2016

Certificate No: D750V3-1014_Jul1g
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Calibration Laboratory of Schweizerischer Kalibrierdienst

Schmid & Partner S Service suisse d'étalonnage
Engineering AG C  senvirio svizzero di tarsturn
Zeughausstrasse 43, B004 Zurich, Switzerland S Swiss Calibration Service

Accradited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service s one of the signatories to the EA
Multilstersl Agresment for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 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 68 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 cerificate are valid at the frequency indicated.

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

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.

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

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

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

Cartlicate No: D750V3-1014_Jul16 Page 20t 8
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FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequoncy 750 MHz = 1 MH2z
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)°C 40.9+8% 0.91 mho/m =26 %
Head TSL temperature change during test <05°C e —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAA measured 250 mW input power 212 Wihkg
SAR for nominal Head TSL parameters normalized to 1W 8.29 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.39 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

5.46 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters {220202)°C 551+6% 0,98 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 2.24 Wiy
SAR for nominal Body TSI parameters normalized to 1W B.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input powert 1.46 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

5.72 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiormed to feed point 5470Q+22i0

Aeturn Loss -26.1d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4360Q-08[12
Return Loss -411dB

General Antenna Parameters and Design

[ Electnical Delay (one direction) ] 1.033 ns

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

The dipole is made of standard semirigid coaxial cable. The canter conductor of the feading line is directly connected to the
second arm of the dipole, The antenna is therefore shon-circuited for DC-signals. On some ol the dipoles, small end caps
are added 1o the dipole anms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is 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
feadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 22, 2010
Certificate No: D750V3-1014_Jul1é Pagedof 8
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DASYS5 Validation Report for Head TSL

Date: 21.07.2016
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V3; Serial: D750V3 - SN:1014

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

Medium parameters used: =750 MHz; o= 0,91 S$/m; &= 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 4 9L; Type: QDOOOP49AA; Serial: 1001

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

Reference Value = 58.75 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.12 W/kg: SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 Wikg

-2.14
-4.28
-6.42

-8.56

-10.70

0dB = 2.83 Wikg = 4.52 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 22.07.2016

T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014
Communication System: UID ) - CW; Frequency: 750 MHz )
Medium parsmeters used: =750 MHz; o = 0.99 8/m; & = 55.1; p= 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

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

« DASYS52352.8.8(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=5mm, dy=5mm, dz=5mm

Reference Value = 57.48 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.42 W/kg

SAR(I g) = 2.24 W/kg; SAR(10 g) = 146 W/kg

Maximum value of SAR (measured) = 3.01 Wikg

dB
0

-2.40
4.80

-9.60

-12.00

0 dB = 3.01 W/kg = 4.79 dBW/kg

Certificate No: D750V3-1014_Jul18 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of e, PO 2 AP

Schmid & Partner % (s: Service suisse d'#alonnage
Engineering AG e Servizio svizzero di tarstura

Zoughausstrasse 43, 8004 Zurich, Switzertand W ,‘ﬁ.\\.\-’ S swiss Calibration Service
Accredned by the Swiss Accroditation Service [SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Ag tor the recognition of calibration certificates

ciient  HCT (Dymstec) Cartificate No: DB35V2-4d165_Nov15
[CALIBRATION CERTIFICATE

|

| Object D835V2 - SN: 4d165

Catbration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Callbration datw: November 24, 2015

This calibention cetficata dacuments the traceabiity 1o national standards, which realize the physical units of measurements s,
The measurements and the uncenaintas with confidence prabability are gven on the following pages and ans part of the cenificats

AX calibentions have been conducted in the closed laboratory fachity: environmnaent lempesaties (22 + 3)°C and humidity < 70%.

Calbration Equipmant used (MATE critical for caliration)

Primary Stangatds Dy Cal Date (Certificals No.) Scheduled Calbration

Power meser EPM-$42A GB3748070 07-Oct-15 (No. 217-02222) Oct-16

Power sansor HP 8481A US37292783 07-0ct-15 (No. 217-02222) Cct16

Power sansor HP 8481A MY41092317 07-0ct-15 {No. 217-02223) Oct16

Aelerance 20 dB Attarastos SN 5058 (20w) O1-Agr-15 (No, 217-02131) Mas-16

Type-N mismatch combination | SN 5047.2/ 08327 01-Apr-15 (No, 217-02134) Mar-16

Relerence Proba EX30VA SN 7349 a0-Dec-14 (N, EX3-7349_Doxtd) Dot-16

DAE4 SN: 601 17-Aug-15 (No. DAEA-601_Aug15) Aug-16

Socandary S1endards [1D# Chack Date (in houss) Schedued Check

RAF genartor AAS SMT-06 I 100972 15-Jun-15 (in housa check Jun-15) in house check: Jun-18

Network Anatyzer HP 8753E US37300565 54206 18-0c2-01 (in house check Oct-15) in house check: Oct-16
Name Function Signature

Caliwatad by Michas! Wabar Laboratory Tocknician I %
Approved by Kufsa Pokovic Technical Manager o /%

Issued. November 24, 2015

This calration carificate shall not be reproducad axcept in full without weliten approval of the labaratory.
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Calibration Laboratory of S,
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Zeughausstrasse 43, 8004 Zurich, Switzerland Y 'vﬁ“‘\ S Swiss Calibration Service
Accrodifed by the Swiss Accreditaton Serdca (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr t for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The dipale 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.
Ne 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 85%.

Certificate No: D835V2-4d165_Nov1s Page 2 0f 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0,20 mho/m
Measured Head TSL parameters (220=:02)°C 426=6% 0,92 mho/m £ 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL
SAR averaged over 1 em? (1 g) of Head TSL Condition
SAR measured 250 mW input power 2,20 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 552 0.97 mha/m
Measured Body TSL parameters (220202} °C 5566 +6% 0.99 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 measurad 250 mW input power 2.40 Wikg
SAH lor nominal Body TSL parametars normalized to 1W 9.47 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.25 Wikg = 16.5 % (k=2)
Certificate No: D835V2-4d165_Novis Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed fo feed point S5210Q-47 0
Retumn Loss -26.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 478Q-68j0Q
Retumn Loss -227dB

General Antenna Parameters and Design

Elactrical Delay (one direction) ] 1,440 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 semingid coaxial cable, The center conductor of the feeding line is directly connected 1o the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the pesition as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

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

Additional EUT Data

Manufacturad by SPEAG
Manufacturad on December 28, 2012
Certificate No: D835v2-4d165_Nov1s Paged ot 8
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DASYS5 Validation Report for Head TSL

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

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

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

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

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

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

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

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

Peak SAR (extrapolated) = 3.40 W/kg

SAR(I g) = 2.29 W/kg; SAR(10 g) = 1.49 W/kg

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

649

6As

-am

0 dB =3.03 W/kg = 4.81 dBW/kg

Cantificale No: DB35V2-4a165 _Nov15 Page50i 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parameters used: =835 MHz; o = 0.99 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(9.72, 9.72, 9.72). Calibrated: 30.12,2014;
»  Sensor-Surface: |, 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 100]

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

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

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

Peak SAR {extrapolated) = 3.54 Wrkg

SAR(1 g) = 2.4 W/kg: SAR(10 g) = 1.58 Wikg

Maximum value of SAR (measured) = 3,17 W/kg

mn

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

Centilicate No: DBE35V2-4d1685_Nov15 Page 7 of 8

F-TP22-03 (Rev.00) 187 /223 HCT CO., LTD



aCT

HCTCO,LTD

FCC ID: ZNFM250H

Report No: HCT-A-1611-F003-1

Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Coject

Callbration date:

The moast

Caiibration procedure(s)

D1800V2 - SN: 2d006

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

January 22, 2016

5 and the |

Calibeation Equipmunt used (MATE crtical far calibration)

Thie calibration cenilicate documents the traceabliity to national standards, which reaiize (he physical units of meesuremants (S1)
with confidence probabdity are given on the fofowing pages and are part of the certificate

All calibrations have deen conducled in the clused laboratory faciity: environment temperstre (22 + 3)°C and humidity < 70%.

Primary Standarss 1D ¥ Cal Dale (Cerfificate No,) Schoduled Calibration
Power metor EPA-442A GBa74e0704 07-0cs-15 (No. 217-02222) Oct-18
Pawer sansar HP 84814 US37262763 07-0ct-15 (No, 217.02222) Oct-16
Pawer sansar HP 8481A MY&1092317 07-0ct-15 (No, 217-02223) Oot-18
Asferance 20 dB Atteruator SN: 5058 (20x} 01-Apr-15 (No. 217-02131) Mar-16
Type-N mismatch combination SN 5047 .2/ 06327 01-Apr-15 (No. 217-02134) Mar-18
Aederance Probe EX30V4 SN 7340 31-Dec-15 (No. EX3-7349_Declb) Dec-16
DAE4 SN 60 30-Dec-15 (No. DAEQA-B01_Dec15) Dec-16
Secondary Standards 0¥ Check Date (in house) Scheduled Check
HF generator HAS SMT-06 100972 15-Jun-15 (In house chack Jun-15) In nouse checlc Jun-18
Network Analyzar HP 8753E US37380585 S4206 18-0ct-01 (in house check Oce-15) In house check. Oc1-16
Name Funcsian S {1}
Catbraled by Michaal Waber Laboratory Techmcan 2;
.
Appraved by: Katja Pokoevic Technical Managor

T

issueed January 25, 2016

This calibration certilicate shall not be reproduced except in full without wriltten approval of the abaratory.
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Calibration Laboratory of
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Accredited by Ihe Siwiss Accredifation Sarvica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) 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
paralle! to the body axis.

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

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

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

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

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

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

Certificate No: D1800V2-2d006 _Jan16 Page2of 8

F-TP22-03 (Rev.00) 190 /223 HCT CO., LTD



-~
“"’C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LTD
Measurement Conditions
DASY system coafiguration, as far as not given on page 1.
DASY Version DASYS v52.88
Extrapolation Advanced Extrapolaton
Phantom Modular Flat Phantam
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following parametars 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 401 £6% 1.3 mho'm =6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged aver 1 cm® (1 g) of Head TSL Condition
SARA measured 250 mW input power 9.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.5 Wikg + 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5,03 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 20.2 W/kg + 16.5 % (k=2)
Body TSL parameters
The tollowing parametars and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mhovm
Measured Body TSL parameters {22.0202)°C 537=6% 1.52 mho/m +6 %
Body TSL temperature change during test <05°C soee -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.57 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 38.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.2 Wikg = 16,5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, fransformed to feed point 4650Q-6810
Return Loss -221dB
Antenna Parameters with Body TSL
Impedance, transformed 1o feed point “w7Q-621
Retumn Loss -21.3d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

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

Tha dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connected fo the
second arm of the dipole. The antenna is theralore 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 to the position as explainad in the
*Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stil

according to the Standard.

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

feedpoint may be damaged

Additional EUT Data
Manufactured by SPEAG
Manuactured on July 23, 2001
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DASYS Validation Report for Head TSL
Date: 22.01.2016

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DISOOV2 - SN: 2d006
Communication System: UID 0 - CW; Freguency: 1800 MHz
Medium parameters used: = 1800 MHz; o = 1.39 Sfm; & = 40.1; p = 1000 kg/m*
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2011)
DASYS52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12,2015;

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

¢  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASYS5252.8.8(1258). SEMCAD X 14.6.1((7372)

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

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

Peak SAR (extrapolated) = 17.5 Wikg

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

Maximum value of SAR (measured) = 14.5 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB = 14.5 W/kg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz: Type: DI1800V2; Serial: DIS00V2 - SN: 2d006
Communication System: UID 0 - CW; Frequency: 1800 MHz
Medium parnmeters used: = 1800 MHz; o= 1.52 S/m; 2 = 53.7; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;
»  Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASY52352.8.8(1258): SEMCAD X 14,6.10(7372)

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

Reference Value = 102.4 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 16.8 Wikg

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

Maximum value of SAR (measured) = 14.4 Wikg

-3.60
-7.20
-10.80

-14.40

-18.00

(HdB = 14.4 Wikg = 1 1.58 dBW/kg
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Impedance Measurement Plot for Body TSL

22 Jan 2016 11:14:42
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner = S s bitoes S
Engineering AG N G Sorialo avssro @ Stk

Zoughausstrasse 43, 8004 Zurich, Switzeriand TN S swiss Callbration Service
Accredited by the Swiss Accradation Service (SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Muitilateral Agreement for the recognition of calibration certificates

ctiem  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE

Object D1800V2 - SN: 5d061

Calibeation procedurels) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbration dute: Aprﬂ 25. 2016

This calluration cerlificats dacumants the racaabilty to national standards, which realize tha physical Lnils of measiremants (51)
The 1 18 and the une with ceafic probabillly are ghven cn the folowing pages and are par of the certificate

All calbrations have bean contuctad n the closed ory fachity:

P (22 + 3)°C and humidily < 70%.

Calibeation Equipment used (METE critical for casbration)

Primary Standarcs 10 # Cal Date {Cestificats No.) Schaduled Callbraton

Power meoler NAP SN 104778 06-Ape-16 (No, 217-02288/02288) Apr-17

Power sensor NRP-Z91 | SN 103244 05-Apr-186 (No. 217-02288) Apr-17

Power sensee NRP-Z81 SN 103245 D5-Apr-16 (No. 217-02289) Apr-17

Aeferance 20 dB Alenustor SN: 5058 {20K) 05-Apr-18 (No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047 2/ 06327 05-Apr-16 (No. 21702295) Ape17

Referance Probe EX30V4 SN: 7345 G51-Dac-15 (No. EX5-7340_Dec15) Dec-18

DAE2 SN 601 30-Dec-15 (No. DAE4-601_Dac15) Dec-16

Seconadary Siandards D # Check Date (in house) Scheduled Chock

Powar meter EPM-342A SN: GEI7480704 07-Oct-15 (No, 217-02222) In hausa check: Oct-16

Power sensar HP 8481A SN: US37292763 07-Oct-15 (No, 217.02222) In house check: Oct-16

Pawer sansor HP 8481A EN MY41092317 07-0c1-15 (No, 21702223) In house check: Ocl-16

AF genarator &S SMT-06 SN 100872 15-Jun-15 {in house chack Jun-15) In house check: Oct-18

Network Anatyaar HP 8753E :, 8N US37390585 18-0O0t-01 (in house check Oct-15) in house check: Oct-18
Narne Function Signalure

Cafbraled by: Michaal Waber Laboralory Technician /{“ !
Approved by: Katja Pokovic Technical Managor % 4

lesued: April 26, 2016

This calibration cedtiticata shall not be reproduced except In full without writton aporoval of the laboralory
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Ay
Calibration Laboratory of S, G Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse détalonnage
Engineering AG = C' servisio svizasro di taratura
Zaughausstrasse 43, 8004 Zurich, Switzerland % /";\\‘\_,\? S  Swiss Calibsation Service
UM
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration cartificates

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:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center- TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)°C 400+6% 137 mho/m £ 8%
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAHA moeasured 250 mW input power 9.53 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

38.6 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 528+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR resulit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 W/kg = 16.5 % (k=2)
Certificate No: D1900V2-5d061_Apr16 Page 3of B
F-TP22-03 (Rev.00) 199 /223 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 479Q+B5Q

Aeturn Loss -210dB

General Antenna Parameters and Design

I Electrical Delay (one direction) [ 1192 ne

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond arm of the dipole. The antenna i therefors short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Condifions” paragraph. The SAR data are not affected by this change, The overall dipole length is stil
according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manutactured on December 10, 2004
Centificate No: D1900V2-50d061_Apr16 Page 4 ol B
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DASYS5 Validation Report for Head TSL

Date: 25.04.2016
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

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

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

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12,2015;
e Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

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

Peak SAR (extrapolated) = 17.2 Wikg

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

Maximum value of SAR (measured) = 14.5 Wikg

dB8
0

E -3.80
T
-7.60
-11.40

-15.20

-19.00

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

Date: 25.04.2016

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

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

Medium parameters used: [ = 1900 MHz; 6 = 1.49 S/m; £ =352.9; p = 1000 kg/m’
Phantom section: Flat Section

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

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

» DASYS5252.8.8(1258); SEMCAD X 14.6.1(X7372)

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

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

Peak SAR {extrapolated) = 17.3 Wikg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0 dB = 14.9 Wikg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL

35 Apr 2016
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Calibration Laboratory of S8, Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG T Secvizio svizzero di taratura
Zoughousstrasse 43, B004 Zurich, Switzerland s 4/‘Fl\\\>_>? Swiss Calibration Service
Accrodited by the Swiss Accreddatian Sendce (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
([CALIBRATION CERTIFICATE
. Dbject D2450V2 - SN: 965
Calibration procedura(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calitration datw April 19, 2016

This catibeation certficate documents tha tiaceability to natonal standards, which realize the physicsf units of measurements (S1).
The measuroments and the uncenainties with confidence probabiity are givan on tha follswing pages and are part of the canificite.
Al calitvations have baen condusied in the closed Inbonsiory taciilty: emviconment temperature {22 + 3)°C and humidity < 70%,

Caitirnbon Equipment used (METE critical for calibration)

Primary S D4 Cal Date (Cerificate No.) Scheduled Caloration

Pawar meter NRP SN: 104778 06-Ape-16 (No. 217-02288/02289) Apri7

Pawar sensor NRP-Z81 SN: 103244 C6-Apr-16 (No. 217-02288) ApraT

Power sansor NRP-Z21 SN: 103245 06-Apr-16 (Na. 217-02268) AprAT

Hedarance 20 dB Attenuator SN: 5058 (20K) 05-Ape-16 (Na. 217-02282) Apri7

Type-N mismatch combination SN: 5047.2 7/ 06327 05-Apr16 (No, 217-02295) AprT

Reterancy Proba EX30V4 SN 7349 31-Dac-15 (No. EX3-7M48_Dects) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE4401_Deci15) Deac-16

Secondary Standards DA Check Data (n heuss) Scheduled Chack

Powear meter EPM-242A SN: GB37460704 07-Oc115 (No. 217-02222) In house check: Oat-16

Power sensor HP 8481A SN: US37292783 07-0ct-15 (No, 217-02222) In hoisss check:; Oct16

Power sarsar HP 84814 SMN: MYA1082317 0701415 (Na, 217-02223) In house check: Oct- 18

AF ganacator H&S5 SMT-08 SN 100872 15-Jun-15 {In house chock Jun-15) In house check: Oct- 18

Network Anatyzer HP 8753E S LIS37380585 18-0¢1-01 (in house check Oct-15) In house check: Oct 16
Name Function Sgnature

Caibratsd by: Michanl Weabtier Latoratory Technician “ !

Apronod by: Katia Pokovic Tecnnical Manager /g %%.«

Issued: Apre 20, 2016

This calibeation cerniticate ahall not be reproduced except n full without written appeoval of the laboratary,
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S swiss Calibration Service

Accredited by 1he Swiss Accreditabion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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:

s 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.

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

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

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

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

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

Cantificate No: DR450V2-965_Apr16 Page 208
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ t MHz
Head TSL parameters
The toliowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAA for nominal Head TSL parameters normalized 10 TW 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 589 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominai Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (22.0+02)°C 527x6% 1.98 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 12.4 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wig
SAR for nominal Body TSL parameters normalized to TW 23.0 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-865_Apri6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.004+591Q

Hetumn Loss -245dB

General Antenna Parameters and Design

[Eiectncal Delay (one direction) ] 1162 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 feeding line is directly connecled 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 to improve matching when loaded according to the position as explained in the
“Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

No axcessive force must be applled to the dipole arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
Cenlificate No: D2450V2-865_Aprié Page 4 0f B
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DASYS5 Validation Report for Head TSL

F'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: f= 2450 MHz; 6 = 1.83 S/m; & = 40; p = 1000 kg/m’®
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76). Calibrated: 31.12.2015;

Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 100]

DASYS2 52.8.8(1258); SEMCAD X 14.6.1(0(7372)

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=5Smm, dz=5Smm
Reference Value = 112.4 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) =5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0dB =207 Wikg = 13.16 dBW/kg

Ceriticate No: D2450V2-965_Apr16 Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963

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

Medium parumeters used: = 2450 MHz; o = 1.98 S/m; &, =52.7; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
« Sensor-Surface: 1, 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

« DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=230 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

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

Peak SAR (extrapolated) = 24.7 Wikg

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

Muximum value of SAR (measured) = 20.0 W/ikg

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 20,0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalib
Schmid & Partner —— S Service “:“:mmmm
Engineering AG S C - Sarvizio sviczaro ol tarsturs

Zeughausstrasse 43, 8004 Zurich, Switzerfand s 4ﬁ_\.>*} S Swiss Calibration Service
Accroditod by the Swise Accredilaticn Service {SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is ono of the signatories to the EA

Multiiateral Agreement for the recognition of callbration cerfificates

ciem  HCT (Dymstec) Contificate No: D2600V2-1106_Feb16
CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1106

Calbraton procedure(s) QA CAL-05.va8

Calibration procedure for dipole validation kits above 700 MHz

Caltyration date: February 18, 2016

This calbration cerlilicate coclments the traceabiity fo national standards, wiich realize the physica? unts of measuraments {S1),
The measurements and the uncedanties with confidence protatiity are gven an the following pages and are pan of the cantiticate

All cadbrations have boen conducted In the ciceed laboratory facility: anvwonment lemperalire (22 + 37°C and humidity < 70%

Calration Equipment used (METE critical lor calibention)

Primary Standards Da Cal Date (Cantficats No,) Echeduled Calibration

Powar meter EPM-442A GB3IT480704 07-0ct-15 (No. 217-02222) Oct-16

Power sensar HP 8481A US37292783 07-0ct-15 (No. 217-02222) Qer-16

Power sonsor HP 8481A MY41092317 07-0ct-15 (No. 217-02223) Oct-16

Refarence 20 48 Attenuator SN: 5058 {20k) O1-Apr-15 (No. 217-02131) Mur-16

TypeN msmatch combination SN: S047.2 /06227  01-Apr-15 (No. 217-02134) Mas-16

Refarance Probs EX3DV4 SN: 7349 31-Dec-15 (No, EX3-7328 Dects) Dec-16

DAE4 SN: 601 30-Dec 15 (No, DAEL.601_Dects) Dec-16

Secondary Siandards 0* Check Data (in house) o Schatuled Chack

RF generator RAS SMT-06 100072 158-Jun-15 (in house check Jun-15) in house check: Jun-18

Network Analyzer HP 8753E US37390685 54206 180101 (in houso check Oct-15) In house checl: Oct-16
Name Function S re

} Calibwated by Clauda Laubler Labaratory Technician

]Mmmdby Ketja Pokovic Technical Managec /ﬁ%f‘

Issuod: Fabruary 18, 2046

This catbration cartificale shall not be reproduced axcept i full wehout weittan approval of the labaratary.
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Accrediied by the Swiss Accradiation Service (SAS) Accreditation No.: SCS 0108

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

Multitateral Agr t 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 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, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

e 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 85%.

Certificate No: D2600V2-1106_Feb16 Page2of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nomina! Head TSL parameters 220C 390 1.96 mho/m
Measured Head TSL parameters (220£0.2)C 381+6% 2.01 mhoim =6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SARA measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 55.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL candition
SAR measured 250 mW input power 618 Wikg
SAR for nominal Head TSL parameters normatized to 1W 24.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220+0.2)°C 525+6% 218 mhom =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 13.4 Wikg
SAR for nominal Body TSL parameters normatized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5,94 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.7 Wikg = 16.5 % (k=2)

Certificate No: D2800V2-1106_Feb16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed poimnt 49541-731Q
Return Loss -227dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 44B0Q-60 0

Return Loss -215d8

General Antenna Parameters and Design

[Eioctrical Dalay {one direction) ] 1150 ns ]

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

The dipole s made of standard semirigsd coaxial cable. The center conductar of the feeding line s diractly connected to the
sacond arm of the dipole. The antenna is therefore shon-circuited for DC-gignals. On some of the dipoles, small end caps
are added to the dipole amms in order to improve matching when loaded according to the pesition as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No axcessivs 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 February 18, 2015
Centificate No: D2600V2-1106_Feb16 Page 4 of 8
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DASYS Validation Report for Head TSL

Date; 18.02.2016
Test Laborntory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: { = 2600 MHz: 6 = 2.01 S/m; & = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49); Calibrated: 31,12,2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Value = 113.4 Vim: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.19 W/kg

Maximum value of SAR (measured) = 23.1 Wikg

l -4.89
=-9.77
-14.66

-19.54

-24.43

0dB =231 W/keg = 13.64 dBW/kg
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Impedance Measurement Plot for Head TSL

18 Feb 2016 17:59:42
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DASYS Validation Report for Body TSL

Date: 18.02.2016
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: f = 2600 MHz: o = 2.18 S/m; & = 52.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12,2015;
« Sensor-Surface: [ 4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn60)1; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

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

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

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

Peak SAR (extrapolated) = 27.7 W/kg

SAR(I g) = 13.4 W/kg: SAR(10 g) = 5,94 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

dB
0

-4.82
-9.64
-14.46

-19.28

-24.10

0dB =21.2 Wikg = 13.26 dBW/kg

Centificate No: D2600VZ-1106_Feb16 Page 7 of B8
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Impedance Measurement Plot for Body TSL
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Certificate of conformity / First Article Inspection

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 bottom 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.
accerding 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
Abscrption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

2] 1EC 62209 - 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
2005

[3] |EC 62209 - 2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific
Absorption Rate (SAR) for ... including accessories and multiple transmitters”, March 2010

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

Conformity
Based on the dimensions and sample tests above, we certify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 2450 -2 700
Tissue Type Head Body Head Body Head Body Head Body
Water 41.1 51.7 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 14 0.9 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 47.2 57.0 44.9 0.0 0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether ) ) )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter

F-TP22-03 (Rev.00) 222 /223 HCT CO,, LTD



-~
""’C'- FCC ID: ZNFM250H Report No: HCT-A-1611-F003-1

HCTCO,LLTD

Attachment 6. — SAR SYSTEM VALIDATION

Per FCC KCB 865664 DO02v01r02, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

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

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

5 3903 |EX3DV4 | Head | 750 | 1014 |2016.10.10 42.1 0.92 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 750 | 1014 | 2016.08.09 55.9 0.98 PASS PASS | PASS | N/A | N/A | N/A
5 3903 |EX3DV4 | Head | 835 | 4d165 | 2016.10.10 41.4 0.91 PASS PASS | PASS |[GMSK|PASS | N/A
5 3903 |EX3DV4 | Head | 835 | 4d165 | 2016.10.10 41.4 0.91 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2016.08.09 55.3 0.99 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Body | 835 | 4d165 | 2016.08.09 55.3 0.99 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 [EX3DV4 | Head [1800| 2d006 | 2016.08.08 39.9 1.42 PASS PASS | PASS |[GMSK|PASS | N/A
5 3903 [EX3DV4 | Head [1800| 2d006 | 2016.10.10 40.2 1.41 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body |1800| 2d006 | 2016.08.09 53.7 1.54 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 [EX3DV4 | Body [1800| 2d006 | 2016.08.09 53.7 1.54 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head [1900| 5d061 | 2016.08.08 40.3 1.43 PASS PASS | PASS |[GMSK|PASS | N/A
5 3903 [EX3DV4 | Head [1900| 5d061 | 2016.10.10 40.3 1.39 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body |1900| 5d061 | 2016.08.09 53.5 1.49 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 [EX3DV4 | Body [1900| 5d061 | 2016.08.09 53.5 1.49 PASS PASS | PASS | N/A | N/A | N/A
5 3903 |EX3DV4 | Head [2450| 965 |2016.10.10 39.4 1.82 PASS PASS | PASS [OFDM| N/A |PASS
3 3797 [EX3DV4 | Body [2450| 965 |2016.05.03 52.4 1.96 PASS PASS | PASS [OFDM| N/A |PASS
3 3797 |EX3DV4 | Head [2600| 1106 |2016.03.07 39.2 1.94 PASS PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 2.12 PASS PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

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