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CALIBRATION CERTIFICATE

oyt EX30V4 - SN:3863

Calibeation procedurels)

Calbrstion date

The nts and the unc

July 28, 2016

This calibration cestificale documants the tracostilty 1o

'[Caﬂnmn Eguoment used (MATE ontical for calibraton)

¢a, which realiza the physical units of measurements (S1),

wes with confidencs probablity ane given on the following pages &nd & part of the cedificate.

Al calibrations have been concucted in the closed iaboratory facilty: anvilmnment temperature (22 ¢ 3)"C and humadty < 70%

Primary Standards D | Cal Date {Contficate No.j Sehaduied Catbation
Powar meter NRP SN 104778 0B-Apr-16 (No. 21 1-0228802288) Apr-17

Powar sensoc NRP-Z31 SN 103244 06-Apr-16 (No 217.02208) Apr-17

Power senaor NRP-281 SN: 103245 06-Ape-16 (No. 217-02289) Ape-17

Reference 20 4B Atenuator SN: E8277 (20w) 05-Ape-16 (No. 217-02283) | Apr-17

Referencs Probe E530V2 SN: 3013 31-D9c-15 (No. ES3-3013_Dec15) Dao-16

DAEA SN: 660 23-Oec-15 (No. DAE4H60_Dec15) Dac-18

Saecondary Standards 1 Check Date (in house) Schatubed Check
Power meter E44198 SN GB41293874 05-Apr-18 (i house check Jun-16) I house check: Jun-18
Power sansor EA412A SN- MY4 1488087 | 08-Apr-18 (in howse check Jun-16) In house chedk. Jun-16
Powear sensor EA412A SN 000110210 06-Apr-16 (in houss check Jur-16) in house check- Jun-16
RF generptar HF 8546C SN: USI8420U01700 04-ALg-89 (In house check Jun-16) In house check: Jun-18
N tk Anolyzer HP 8753E SN US37390535 18-Oct01 (in house check Cct-15) In house check: Oct-16

Name Furction
Gallbrated by: Clautic Laubier ' Laboratory Techeician 1
s
Issued: July 29, 2016

This caltaration certificate shall not be reproduced except £ hill without weitten approvat of the leboratory,
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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_cycie) of the RF signal

AB.C.D modulation depandent linearization paramelers

Polarization p o rotation around probe axis

Polarization % & rotation around an axis that (s in the plane normal to probe axis (at measurament center),
Le, 8 =0is normal 1o probe axis

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

Calibration is Performed According to the Following Standards:

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

b) |EC 82208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held davices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢} |EC 62208-2, "Procedure 1o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in ciose 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"

Methods Applied and Interpretation of Parameters:

«  NORMx.y,z Assessed for E-fleld polarization 8 = 0 (f < 900 MMz in TEM-cell; I > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.6., the uncertainties of NORMx,y.z does not affect the E*fiald
uncertainty inside TSL (see below ConvF).

«  NORM(fx.y.z = NORMx,y.z * fraquency_response (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response i inciuded
in the stated uncertainty of ConyF

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

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

o Axy.z; Bry.z Oxy.z: Dxy,z VRx.y.z: A B, C, D are numerical linearation parameters assessed based on
the data of power swaep for specific modutation signal. The parameters do not depend on frequency nar
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters; Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using anafytical field distributions based on power
measurements for f > 800 MHz, The same selups 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 to improve probe accuracy close to the boundary. The sensitivity In TSL comesponds
to NORMzx,y,z * CanvF wheraby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which alfows extending the validity from = 50 MHz to + 100
MHz

« Sphencal isotropy (3D deviation from isolrapy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement cantar from the probe tip
(on probe axis). No tolerance requirad.

«  Connecfor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty requirad).
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EX30V4 — SN:3862 July 28, 2018

Probe EX3DV4

SN:3863

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3863 duly 28, 2016

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

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z Unc (k=2}
Norm (uVH(Vim))" 0.35 0.34 0.44 +10.1 %
| DCP (m\V)” 632 ] 101.0 99.6

Modulation Calibration Parameters

uvio c System Name | A B [ ) VR Unc”
4B | aBVuV d8 | mv (k=2)
0 W X | 00 0.0 10 | 000 | 1314 | 0%
| Y | 00 0.0 1.0 148.2
L zZ | 00 0.0 1.0 1487

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 comresponds o a coverage
probability of approximately 95%.

A The uncertainties of Norm X,Y.Z ¢o not affect the E°-field uncenainty naide 751 (soe Pages 5 and 6)

 Numarical insarization pammates uncerainty not reguired.

* Uncertainty is dstemmingd using the max. deviation from linear response apphying rectanguse dstribution and is sxpréssed for the square of the
fiald value
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EX30V4- SN:3863 July 28, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unec
f(MHz)® | Permittivity” (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) | (¥=2)
150 523 0.76 12.50 12.59 12,50 0,00 100 | £133%
300 453 0.87 11.75 11.75 1.75 0.11 1.20 | +133%
450 43.5 0.87 10.84 10.84 10.84 0.20 125 | +133% |
750 419 0.89 10.44 10.44 10,44 0,36 103 | 2120%
835 415 0.90 10.03 10.03 10.03 0.48 083 | £120%
900 415 0.97 9,81 9.81 9.81 0.28 1.11 £120%
1450 405 1.20 B.84 8.84 8.84 0.32 080 | +120%
1750 401 1.37 B.65 8.65 8,65 0.28 097 | +120%
1900 40.0 1.40 8.38 8.38 8.38 0.33 080 | £120% |
1850 40.0 1.40 8.00 8.00 8.00 0.33 080 | 2120%
2300 395 1.67 7.84 7.84 7.84 0.30 0.80 | £120%
2450 92 1.80 7.42 742 742 0.39 080 | £120%
2600 39.0 1.96 747 7.7 7197 0.41 0.81 +120%
5250 359 am 5.01 5.01 5.01 0.40 180 | £3.1%
5600 355 5.07 4,85 4.85 4.85 0.40 1.80 | £131%
5750 354 522 492 4.92 492 045 1.80 +131%

‘ancyvﬂlﬂﬁyammm&dz!OOMHzonlymfotDASYv‘.lmdm(mFmZ).ﬂunhmmn:SOMHl ™he
umny'umeRBSdlhaCawFuncmimymcslmnmcynmmeunnmmumlwwmyband Fraguancy validity
below 300 MHZ 18 + 10, 24, 40, 80 and 70 MHz fr Comé asssssmants at 30, 64, 128, 150 and 220 MHz respectively, Above 5 GHz Frequancy
vatlidiy can be extended to 4 10 MHz
'AlkcquemmMWSGHLlhova\dtyalnsrucpnwm(zanﬁn)wmmhndm:1oxllw‘dwnocmwmfmm‘saoplmw
messurad SAR vakies. A frequencies above 3 GHz, 1he valdty of tissus parameters (¢ and o) & restricted to + 5% The uncestainty s the RSS of

the ComF uncertanty for Indicated larget lissus parameters.

U Alpha/Dopth are determined dixing caibration. SPEAG warrants thet tha g duviation due to the boundary sffact atter compensation &
myumlmx1%w&mwm36ﬂ:wm:2%fwﬁmdusmmS-Bcl-intanyabnmummmndlnepmboua
diamestar from the boundary,
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EX3DV4- SN:3863 July 28,2018

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

Calibration Parameter Determined in Body Tissue Simulating Media

R Relative | Conductivity [ T Dapth ® Une

| 1{MHz)® | Pormittivity (Sfm) ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1211 12.11 12.11 0.00 1.00 | $133%
300 58.2 0.92 11.56 11.56 11.56 | 005 120 | +133%
450 56.7 0.94 11.24 11.24 11.24 0.09 125 | +133%
750 55.5 0.96 9.98 9.98 9.98 0.48 082 | £120%
835 55.2 0.97 9.73 9.73 8.73 048 | 080 | £120%
1750 53.4 148 8:17 8.17 817 040 | DB3 | #120%
1800 53.3 152 7.83 7.83 7.83 039 | 083 | +120%
2450 52.7 1.95 7.45 7.45 7.45 0.38 080 | £120%
| 2600 52.5 2.16 7.24 7.24 7.24 l 032 | 080 | 2120%
5250 489 536 4.48 4,49 4.49 0.45 190 | £134%
5600 485 5.77 377 377 | 3n 0.55 190 | +131%
5780 48.3 5.94 4.19 419 418 0.55 1.90 | +131%

cmewvamymmmkd:100MquwaWusquAS?vl.laMhbgM(sooPago?}.-bol'sreeumomu:omu.Tha
uncerainty s tha RSS of the Cornd uncertainty it caibration froquency and te unoerainty for the ndicated fraquency band. Frequency valkiity
below 300 MHz ts + 10, 25, 40, 50 anit 7 Mz for Canwf assessments ol 30, 54, 128, 150 and 220 MHz respactivoly. Abave 5 GHz frequancy
yamwumwmwznoum_

'MWNWJG&.!MMWMWWM(«mdn)mbomﬁnamawﬁdl'muin P fion formida s appled (o
measume SAR values. Al Mequencies above 3 GHz the validity of 15500 parameters [z and o) \a restricind 10 = 5% The uncedginty is the RSS of
the Convi® uncestaiy Tor iIngdicated target fssus Daramelers

I Alpha/Depth are determined during calibration. SPEAG warants thet the remaining deviatian due to the boundary offect aftor compensation &
My:lessl'en:|%iurhoquarmtbelowa(iﬂxwbdmz%hvkoqummmSdGmmmyoulmuwwmmnnHMpouIlp
dametsr from the boundary
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EX30V4- SN:2863 July 28, 2016
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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Report No: HCT-A-1701-F003-1

EX3DV4A.. SN:3863

Receiving Pattern (¢), 9 = 0°

July 28, 2016
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN-3853 July 28, 2016
Dynamic Range f(SAR}eaq)
(TEM cell , fu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
Certficate No: EX3-3883_Jul16 Page 9ol 1
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EX3DV4- SN:3863 July 28, 2016

Conversion Factor Assessment

f = B35 MHz WGLS RS (H_convF) { = 1900 MHz, WGLS R22 (H_comfF)
i - i =1
¥ §™
| 3]
"l", - ‘ ! "w . “f;‘ -.‘_- VIJ : I. « U‘;' — l : - 1‘?- ‘l.‘:"‘ S S’ - .
.-;5&.« n-J‘L- -ﬂr a-;nLud
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
40 -08 -06 -04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: T 2.6% (k=2)
Cartificate No: EX3-3863_Jul16 Page 10 of 11
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EX30V4- SN-3863 July 28, 2016

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

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (7) h 107.2 |
Mechanical Surface Deteciion Mode T enabled
"Optical Surface Detection Mode disabled
Probe Overall Length 337 mm

[ Probe Body Diameter 10 mm
Tip Length amm
Tip Diametar 25mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm

" Probe Tip to Sensor Z Calibration Paint 1mm
Recommended Measurement Distance from Surface 1.4 mm

Cartificate No: EXS-3883_Jul16 Page 110of 11
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Accreditad by the Swiss Accredtation Senvice (SAS)
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Accraditation No.: SCS 0108

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

Calbraton oste

This caliramon centificats o

he traceabdity to
The measwurements and the uncanainties with coafidence probatyiity are given an the followng pages and are part of the cedificate

Calbrntion Equipment used (MATE criical for calibration)

mwow

Sarvice suisse d'étalonnage
Sarvizio svizzero & taratura

standargs. which reaiize the pwsical unils of messuremeats (S1).

Al calisrations have bean conductad i the closed labanstory faciity: ervtronment temperature (22 4 3)°C and humidity < T0%.,

Thes cafibeation cermficate shall net be reproduced axcapt In 1l without wettien appror of the laboratory,

Primary Standarts 1 Cal Date {Cendcata No ) Schedukd Caltwation

Pawee moter NRP SN 104778 QOf-Apr-18 (No. 217-02288/2289) Apr-17

Power sensor NRP-291 SN 103248 O8-Apr-16 (No. 217-02288) Apr7

Power sensar NRP-Z91 SN 103245 Gf-Apr-18 (No. 217-02288) Apr-17

Ref 20 ¢8 A SN S5277 (20x) 08-Apr-16 (Np. 297-02283) Apr-1?

Ref Probe ES30V2 S 3013 31-Dec-15 (No. ES3.3013_Dec15) Dec-18

DAE4 SN 680 23.Dec-15 (No. DAEA-860_Dects) Dec 16

Secondary Stardard D Chack Uate (in houss) Scheduled Check

Power meter E44198 SN GBA1233874 06-Apr-18 (No. 217-02265X12284) In house check: Jun-16

Pawes sensor EA412A SN MY41468087 06-Apr-18 (No. 217-02285) in house check: Jun-16

Power sensar EA412A SN. 000110210 Q6-Ape-18 (No. 247-02284) in house check: Jun-16

RF generator HP 8648C SN US3642001700 04-Aug-84 (in house check Apr-13) in house chack: Jun-16

Network Anavyzer HP 8753E SN US37380585 18-Oct-01 (in house check Oct-15) in house chack: Oct-16
Name Function

Calibrated by: shorats

Appeoved by:

Certificate No: EX3-3068 May16

Pags 10f 11
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HCTCO,LTD.

Calibration Laboratory of S, 7R §  Schweizorischor Kalibrierdienst

Schmid & Partner e C  Service suisse d'étalonnage
Engineering AG 3 ¥ Servizio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerand {'I:‘/f—\\ NF \ & S Swiss Calibration Service

el " =

Acorodiied by the Swiss Accreditaion Secvios (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity In free space

ConvF sensitivity in TSL/ NORMx.y.z

DCcP diode compression point

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

A B CD modulation dependent linearization parameters

Paolarization ¢ o retation around probe axis

Polarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “"IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuremant
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

o) IEC 62209-2, "Procedure to determine the Specific Abscrption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMx.y,z: Assessed for E-fisld polarization & = 0 (f < 900 MHz in TEM-cell, I > 1800 MHz: R22 wavogu-de)
NORMx.y,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (ses below CanvF),

«  NORM(Tjx.y.z = NORMx.y,z * frequency_respanse (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response Is included
in the stated uncertainty of ConvF.

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

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

o Axyz Byz Cxyz Dxy2 VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power swaep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on power
mesasurements for > B00 MHz The same selups are used for assessment of the parameters applied for
houndary compensation {alpha, depth) of which typical uncertainly values are given. These parameters are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMY,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £ 100
MHz,

« Sphencal 1sotropy (3D dewiation from isotropy): In a 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 measurement center from the probe tip
(on probe axis). No inlerance required,

« Connector Angle: The angle i assessed using the information gained by determining the NORMX (no
uncertainty required).

Certificate No: EX3-3968_ May16 Page 2 of 11
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EX3DV4 - SN:3968 May 31, 2016
Manufactured:  September 30, 2013
Calibrated: May 31, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 systeml)
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EXIDV4- SN:3068

May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

Sensor X Sensor Y I Sensor Z | Une (ks2)
Norm (pViVImY') 0.36 0.35 0.42 =101 %
DCP (mV)* 101.7 102.0 a7.4 |
Modulation Calibration Parameters
uip | G ication Sy Name [ A B c [3) VR Unc"
d8 | dBVuv | | dB mv (k=2)
0 | CW | X 0.0 0.0 1.0 000 | 1344 | 225%
| Y| o0 0.0 1.0 1315
Z| o0 0.0 1.0 146.5 =

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

* The uncanainties of Nom XY Z do not affect the £ field uncerainty inside TSL {ses Pages 5 and 6)
" Numarical ineaczation parameter. uncanainty not reuired
" Uncartainty s detanmined using the ma. devinlon fron inear response spphying reciangular datributon and Is expressed for the square of the

fiald value
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EX3DV4- SN:3968 May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
f(MHZ)® | Permittivity" {Stm) * ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1347 13.17 1317 | 0.00 1.00 | £133%
300 45.3 0.87 1210 12.10 12.10 0.09 110 | +133%
450 4335 0.87 10.73 10.73 1073 | 018 120 | £133%
750 41.9 0.89 10.27 10.27 1027 | 051 ’ 080 | £120%
835 41.5 0.90 9.97 9.97 9.97 0.42 | 087 | +120%
200 41.5 0.97 9.62 9.62 9.62 025 | 120 | £120%
1450 40.5 1.20 855 B.55 B.55 0.34 080 | +120%
1750 401 1.37 8.45 | 8.45 B.45 0.33 080 | +120%
1900 40.0 1.40 814 | B4 8.14 0.31 080 | £120%
1950 40.0 1.40 7.89 7.89 7.89 0.37 080 | +120%
2300 39.5 1.67 7.72 7.72 7.72 030 | 089 | £120%
2450 39.2 1.80 7.30 7.30 7.30 0.35 080 | £120%
2600 39.0 1.96 7.24 7.24 7.24 0.37 080 | $120%
5250 35.9 amn 535 5.35 5.35 0.30 180 | +131%
5600 355 5.07 4.66 4.66 4.66 0.40 180 | +£131%
5750 35.4 5.22 478 4.78 478 0.40 1.80 | $131%

‘vamvﬂiﬂﬂymmuﬂzdz1m!b§zurwmphshrD&Sle4mnghu(uqu:2] -s-umcnozsomm The
uncerarity s the RSS of the ConvF uncestartty at calibration frequency and the uncertanty for the y band. F valdty
Delow 300 MHZ is £ 10, 25, 40, 50 and 70 MHz for CornvF assesaments st 30, 64, 128, lﬁOtnd?ZOM&rauacwdy AbauSGszrmncy
valdty can ba extended 10 ¢ 110 MHz

© At Bnquencies below 3 Gz, the valdey of tissue parameters (c and «) can be relaxod t = 10% if liguid compensation formula s appied 1o
maasured SAR vaues. Al frequencies above 3 GHZ, the vaidily of lissue parametens (= and o) & rastrictad 10 £ 5%. Tha uncartainly is the RSS of
the CanvF uncertainty for ndicaled target tssue parameters.

* Alpha'Depth are determined during calibration. SPEAG that the i jon due to the b y offact atter comp
ammmz1%b¢hqmbe‘m36ﬂznrdbduz?&h1mmwnmMG&nlmmmwmmhﬂmmnp
diamater from the boundary,
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EX30V4- SN:3968 May 31, 2616

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ” Unc

f(MHz)® | Permittivity" (S/m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1246 | 1246 | 1246 | 000 | 100 | 2133%
300 58.2 0.82 11,57 11.57 11.57 0.08 1.11 £13.3%
450 567 0.94 11.24 11.24 11.24 0.10 120 | 2133%
750 55,5 0,96 9.65 9.65 9.65 0.40 082 | £120%
835 §5.2 0.97 5.66 9.66 9.66 0.49 080 | £120%
1750 534 1.49 B.16 8.16 8.16 0.34 080 | £120%
1900 63.3 1.52 7.89 7.89 7.80 0.40 080 | +120%
2450 52.7 1.95 7.31 7.31 7.31 0.41 080 | +120%
2800 62,5 2.16 1 7.1 7.1 034 | 080 | +120%
5250 48.9 5.36 4.37 4.37 4.37 0.50 190 | £131%
5600 48.5 577 378 378 3.78 0.55 180 | £131%
5750 483 5.94 342 3.92 3.92 0.60 180 | £131%

F Frequency vaidty atiove 300 MHz of £ 100 Mz only appiies for DASY w4 2 and higher {see Page 2). alse Il |5 resvicted 1o = 50 MHz. The
uncenainty is the RSS of the Cormd uncertamly ot calibration freg y and the ¢ y for the indicated fraquancy band. Frequency vasidity
bakow 300 MHz 5 + 10, 25. 40, 50 and 70 MHE for ConvF assessments ol 30, 64, 124, vsummmcxm-pecnuu Abcve 5 GHz frequoncy
valldity can be exdencad to + 110 MHz
" At lrequancies betow 3 GHz. the validity of tssue parameters (¢ and o) can be rfaxed 10 = 0% It liquict compansation formida S appbied to
measured SAR values, At froquencies abova 3 GHz, tha validity of lissue parameters {1 And o) is eaEicled 10 = 5%. The uncerainty is tha RSS of
mCva mﬂybmdcnodwwnssuepummm

nre during SPEAG warrants that the ramamng ceviation cue 10 ha boundary offect after compensation Is
Sways less Lhan = 1% for freguencies below 3 GHz and bolow £ 2% for freguencies betanen 3-8 GHz at any datance larger than half the probe tip
dameder from the boundary
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EX30V4~ SN:3968

May 31, 2018

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

normalized)
~n

f
\

10

09+

Frequency response

1 | L1

1800
f MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1
HCTCO,LTD.

EX30V4. SN:3068 May 31, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
- it -
o o . . B 0
Tet x Y Tot X Y z
[ |
[
g
R e Ll = BT o e o S o e e s
bl
e " ol Ll L L
) |
Rot [
,»,'%l._ £ |.| '_'x.f_‘.!bl. .':iT.TFF.

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EX3DV4- SN 1968

1074

Input Signal [uV]

10

Error {dB]

~

Dynamic Range f(SAR}¢a4)

(TEM cell , fo.o= 1900 MHz)

102

Uncertainty of Linearity Assessment: * 0.6% (k=2)
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FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1
HCTCO.,LTD.
EX3DV4- SN:3968 May 31, 2016
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comfF) 1= 1900 MHz WGLS R22 (H_convF)
= | N\ m
:
i 1
15 |
i
as b !
ZG':. . " ,?" = » » ‘- .r; 7 ] " 1) l..:"’ o » RCE -
R = =T =,
Deviation from Isotropy in Liquid
Error (¢, 8), T =900 MHz
1.0
08
08
ré 04
3 02
3 00
g «0.2
04
L6
08
10
n
60
0
10 -08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DV4- SN:3968 May 31, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Arrangament Triangular
“Connector Angle (*) 634
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode " disabled |
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Tip Length 9mm

FTlp Diameter 25mm

Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1 mm

. Probe Tip to Sensor Z Calibration Point 1mm

‘ Recommended Measurement Distance from Surface 1.4 mm
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ha FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

Engineering AG
Zoughausstrasse 43, 5004 Zurich, Switzertand

wo

b, AN

Calibration Laboratory of oy, ;
Schmid & Partner SN . e e

Accredad by the Swiss Accredtatian Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multiiaterat Agroement for the recognition of callbration certificates

Calibration date:

This catbeation camficats documants the troceabiity to naliceal standeeds, which reahize the physical units of messwremonts (S1)
The is ond (he s wiih confic peobabiity are givan an tha following pages end are part of the certificarie.

All caibrations have been conducted In i closed ldorsiony faclity, snvrorment tnmperates (22 £ 3)°C and humidity < 70%.

Calbraton Equipment used (MATE critical foe calibration)

Service suissa étalonnage
Sorvizio svizzero di taratura
Swiss Calibration Service

_Primary Standards 4 Cal Date (Camificate No | Scheduled Calitration
Power meter NRP SN: 10M778 06-Apr-16 (No. 217-0228812285) Ape-17
Fowar sanscr NRP.291 SN 103244 05-Apr-18 [No. 21702288) Ape17
Powar sansor NRP-Z31 SN 103245 06-Apr-16 (No. 21702289) Ape-17
Rah 20 dB A SN: S5277 (20x) 05-Apr-16 (No. 217-02283) Agr-17
Retersnce Probe ESIOV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16

| DAE4 SN 660 23-Doc-18 (No. DAE4-E80_Dect5) Dec-18

| Secondary Stancard 10 Chack Date (in house) Schedukd Check
Fower metar E44108 SN Gﬁlﬂﬁg!ﬁ w.m(hmmmm in house chack: Jun-18
Pawer sensor E4412A SN: MY4 1486087 05 Apr-18 {in house check Jur-16) In houss chack: Jun-18
Fowar sansor E44124 SN 000110210 05-Apr-16 (in house check Jun-16) Iy house check: Jun-18
AF g HP B520C SN US3562001700 04-Aug-98 {in house check Jun-16} In house chack: Jun-18

Analyzee HP B753E SN US37380565 18-0ct-01 (in house check Oct-15) In hovse check: Oct-16
Funtction Signature
Approved by:

Thes cafibestion canificale shall not be

P d except in full withou! weillen aporovad of the laberatory.
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HCTCO,LTD.

Calibration Laboratory of S, . —

Schmid & Pariner is Q/ : g Servite sulsse détalorinage
Engineering AG e g Servizio svizzero di aratura

Zeughausstrasse 43, 0004 Zurich, Switzerland % 'ﬂf\\“\*“? Swiss Calibration Service

Accreditod by the Swiss Accrediation Service (SAS) Accraditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificstes

Glossary:

TSL tissue simulating Bquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DecP diode compression point

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

A B.C,D modulation dependent linearzation parsmeters

Polarzation ¢ o rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, *IEEE Recommended Praclice for Determining the Paak Spabal-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devicas: Measurement
Techniques®, June 2013

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

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

d) KDB 8565664, "SAR Measurement Requirements for 100 MHz to 6 GHZ"

Methods Applied and Interpretation of Parameters:
NORMz,y.2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell, { > 1800 MHz: R22 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(f)x.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 i= included
In the stated uncertainty of CanvF.

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

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, Date numerical linearzation parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
medza, VR is the maximum calibration range axpressed in RMS voltage across the diode.

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

« 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 offset 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)
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EX30V4 - SN:3503 September 28, 2016
Manufactured:  September 4, 2012
Calibrated: September 28, 2016
Calibrated for DASY/EASY Systems
(Note; non-compatible with DASY2 system!)
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EX3DVA- SN:3003 Saplember 28, 2016

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

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k-2)_.j
Norm (uVi(Vim))" 0.39 0.38 0.53 +10.1%
{ DCP (mV}" | 1025 106.2 1031

Modulation Calibration Parameters

uiD c System Nama A B c ) VR Une'
4B | dBVWV | d8 mv (k=2)
0 cw X | o0 0.0 10 | 000 | 1740 | 435%
Y 0.0 0.0 1.0 l 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 uncartainties of Noem X.¥,Z do not affect the E*field uncaetainty Inside TEL (see Pagns % and 6)
¥ Numerical Enaarnzation parameter; unceriainty not required

* Unoenainty is dotermined using the max: de drom linoar resp applymg rectangular distnbuton sad |8 sxpressed for the square of the
teax value
Corlificate No: EX3-3903_Sepi6 Page 4 of 11
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HCTCO,,LTD.

EX3DV4- SN:2803 September 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™ Unc
f(MHz)® | Permittivity" (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 13.42 13.42 13.42 0.00 1.00 £13.3%
300 45.3 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 1.25 $13.3%
750 419 0.82 11.35 11.35 11.35 0.33 1.14 £120%
835 41.5 0.90 10.72 10.72 10.72 0.51 080 | £120%
900 41.5 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 8.75 B.75 0.28 085 | +120%
1900 40.0 1.40 8.41 8.41 B.41 0.28 0.84 +12.0%
1850 40.0 1.40 822 822 822 0.32 080 | £120%
2300 395 1.67 8.01 l 8.01 8.01 032 0.80 £120% |
2450 39.2 1.80 7.54 7.54 7.54 0.31 0.84 £120%
2600 39.0 1.98 7.42 7.42 7.42 0.31 0.86 £12.0%
5250 359 471 5.51 5.51 5.51 0,35 1.80 £131%
5600 355 5.07 478 4.78 4.78 0.45 1.80 +£13.1%
5750 35.4 522 5.04 5.04 5.04 0.45 180 | 131 %

“anmynmym:\mm:oulmMHtWylads!orukSYﬂlwm(um!LomnhwamolozSOMHz e
uncertainty is the ASS aof the ConvF uncertainty at calfration fre and the inty for the ingicaled frequancy band. Fraquency valoty
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz2 for Com® assessments at 30, 64, 128, 150 and 220 MHz respoctively. Abave 5 GHz froguancy
v-hd‘nycmbemnud!ozﬂowﬂz

' A1 trequencies bolow 3 Gz, tha valdty of tissue parameters (¢ and o) can ba rekaxed 10 + 10% I liquic compensation tormuda is sppled 10
measured SAR values, AL fraquencias above 3 GHz. the valldity of 1ssue paramaters (& and o) is resiricied to = 5% The uncertainty is the R3S of
tha ConvF uncatanty for ingicated target tssue parameters,

“ alpha/Dapth are detamined during calibration. SPEAG that the ing o due (0 the bounddry slfect aftee compensation is
deyulculhn:'%Oortruquzm:mbdonl@izumwmzﬁwmmmmmﬁomuwminwmMihnpvobalp
dametar kom the bountdary,
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EXIDV4- SN:3803

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

Calibration Parameter Determined in Body Tissue S|mulating Media

September 28, 2016

Rolative CmductMty Depth© Une

F(MHZ)© | Permittivity" (8im)" ConvF X_| ComvF Y y ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 13.33 1333 | 13s3 0.00 100 | £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 | +13.3%
750 55.5 0.96 10.50 10.50 10.50 029 113 | £120%
835 852 0.97 10.42 10.42 10.42 0.55 080 | £120%
1750 534 1.40 B.37 B.37 8.37 0.35 0.91 £12.0%
1900 53.3 1.52 8.10 8.10 8.10 0.37 080 | £120%
2450 52.7 1.95 7.69 7.69 7.69 0.33 085 | +120%
2600 525 2.16 7.45 745 X 7.45 0.33 090 | $120%
5250 48.9 5.36 453 453 463 0.50 190 | £131%
5600 48.5 577 3.85 385 3.85 0.60 180 | £131%
5750 483 5.94 413 413 413 0.60 190 | +13.1%

" Frequency valdty abiove 300 MHz of £ 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elss it s restficted 1o = 50 M4z The
unced@nty is tha RSS of the ConvF uncertainty at calibeaticn frequency and the uncantainty for the indicased fequency band. Frequency validity
Delow 300 MHz 1s £ 10, 2640, 50 and 70 Miz for ConyF assassments a1 30, 64 128 150 and 220 MHz mspectvely. Above § GHz froquency

valdity can be extendead %o £ 110 MHz

" Al frequencies bakow 3 GHz. the validity of tssue parameters (e and o) can be relsxed to = 10% If Iguid compensaton fomula is appiied o
measured SAR values. Al freguencies above 3 GHz. the validky of tissue parameters (c and o) & restricted 1o £ 5% The uncananty = the RSS of
the ConviF uncerainty for indicatad targal Ussue parametars.

% Alpha'Depth are determined duning calBirasion. SPEAG warrants thal the remaning denviation dua 10 tha boundary eftect after

compensaton s
always less than + 1% for Sequencies below 3 GHz and belaw = 2% for lrequancias between 3-6 GHz at any distance larger than half the probe tip
diamater from the hoondary.
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FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1
HCTCO,,LTD.
EX30DV4- SN:3803 Seplember 28, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN:3903 Saptember 28, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1

EX30V4- SN3903

Septamber 28, 2016

Dynamic Range f(SAR;caq)
(TEM ceil , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cartificate No: EX3-3803 Saptb Page 9of 11
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EX3DV4- SN:3803 Saptember 28. 2016
Conversion Factor Assessment
f= 835 MHzWGLS R9 (H_conv) = 1900 MHz WGLS R22 {(H_comvF)
i - i
: il
i, P
3 ™
'"n 1 ‘,J:.;'l b Y -IJ » - nv 3 H .-A;-lfnl _)V i n " -- r -
--:v-ad -.iJ'n ﬂuv el
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 -08 -06 -04 02 00 02 04 08 048 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cartificate No; EX3-3803_Sep16 Page 10 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular
Connoctor Angle (°) 1 T 333
‘Mechanical Surface Detection Mode enabled
“Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diamatar 1 T 10mm |
Tip Length T Gmm |
“Tip Diameter 25mm
—W-Set_\soffﬁ'aﬁbmion Poirit fmm |
[ Probe Tip to Sensor ¥ Calibration Pomt T mm
v Probe Tip to Sensor Z Calibration Point 1 mm
| Recommaended Measurement Distance from Surface 14mm |
Certilicate No: EX3-3903_Sep16 Page 11 of 11
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Calibration Laboratory of <‘@"a, § Schweixsrischer Kelib "

Schmid & Partner = C 5orvice susse d'atalonnage
Engineering AG %L g g Servirio sviszero di tarsturs

Zeughausstrasse 43, 5004 Zurich, Switzerdand A ;.@w‘} Swiss Calibration Sarvica

Accredited by (he Swiss Accraditation Servico (SAS) Accreditation Ne.: SCS 0108

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

Mudtitateral Ag nt for the recognition of calibration certificates

o 5'\'»&;“”&..2“ “.li.iiﬂ} : | P —— “anm_a? Aug16

——

Caibration procedurs(s) .LMMMMML—W&MO&%NS.

Calibeation dete: August 30, 2016

This calbration cenficals docurments the aceabliity to national standands, which realize the phiysical crets of measurements {S1)

The mase: @ang the with confick probebilly are ghvien on the foliowing poges and are pért of the caiticate

All caliorations have been conducied in the dosed laboratory facility: anvironment temperature {22 & 5)°C and humidity < 70%

Calbratian Equipment weed (ME TE crecal for calibration)

Prmary Stsndards [*] Ca Date (Cortifcate No.j Schecuiad Catbration

Power meler NRF SN: 104778 06-Ape-16 (No. 217-02286/02253) Apr-17

Power sersor NRP-201 SN: 103244 DE-Ape-16 (No. 217.02268) Apr-17

Power sensor NRP-291 SN: 103245 U6-Ape-16 (No, 217-02263) Ape-17

Reference 20 dB Aenualor SN: 5217 (20x) 0S-Agr-16 (No. 217.02293) Apr-17

Reference Probs ESI0OV2 SN: 3013 31-Ogc-15 (No, EE3-3013_Dec15) Dag- 18

DAEA SN: 880 23-Doc- 18 {No. DAE4-H60_Dec15) Doc-186

Secondary Slandards D Check Deta in house) Scheduied Check

Power meter E44158 SN. GB41293374 06-Apr18 (n housa check Jur-18) In house check. Jun-18

Powear sensor E44124 SN. MY4 1498067 06-Apr-18 (in house check Jun-16) in house check: Jun-16

Power gensor E4412A SN. 000110210 08-Apr-18 (0 housa check Jun-18} In bouse check: Jun-18

RF genaratar HP 8848C SN USIB4ZU01700 O4-Aur-99 (in howse chack Jun-16) In house check, Jun-18

Notwork Analyzar HP 8753E SN USITII0S35 18-0ct-01 {in house chack Oct-15) In howss check: Oct-18
Name Function

Catrated by, etan Kastrat b e

ooty Kapoiove -

issusd: September 1, 2016

Thes calibration cectificato shali not be reproducsd except in il withaut witten sooroval of the laborEtory

Certfficate No: EX3-7370_Auy1g Page 1 0of 11
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Calibration Laboratory of & S Schwelzerischer Kalibr

Schmid & Partner = 2 Service sulsse d'étalonnage
Engineering AG z & g Servitio svizzero o tarature
Zoughsusstrasse 43, 8004 Zurich, Swizeriand % ‘47;,\\.\\: & Swiss Calibration Sesvice

Accredted by the Swiss Accredtation Sarvice (SAS) Accreditation No.: SCS 0108

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

Multilaterat Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating bquid

NORMx,y.2 sensitivity In free space

CanvF sensitlvity In TSL/ NORMx,y.2

DCP dicde compression point

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

A B CD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

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

lLe., 8 =0 is narmal to probe axis
Connecior Angle information used in DASY system lo align probe senscr X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

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

d) KDB 885684, "SAR Measuramen! Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

«  NORM{fxy.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This inearization Is
Implemented in DASY4 software versions iater than £.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

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

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

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

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

» Sphevical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

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

Centificate No: EX$-7370_Aug16 Page 20l 11
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EX3DV4 - SN:7370 August 30, 2018

Probe EX3DV4

SN:7370

Manufactured: March 17, 2015
Calibrated: August 30, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Cerificate No: EX3-7370_Aug16 Page 3of 11
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EXIDV4- SN:7370

August 30, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Unc (k=2)
Norm (k\Vi(V/im)")* 0.46 0.49 0.42 +101 %
DCP (mV)* 8B.7 108.3 937
Modulation Calibration Parameters
uiD [ ication System Nama A | B [3 ) VR Unc® |
d8 dBvVuv B mV (k=2)
0 cW X! 0o 0.0 10 | 00D | 1398 | #33% |
Y 0.0 0.0 1.0 1364
Z | 00 0.0 1.0 1426

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

* The uncedantes of Nomm X.Y,2 do not affect the E” Seid uncertainty inside TSL {4es Pages 5 and B)

¥ Numericsl linearization paramator: uncertanty not required

¥ Uncsrtanty 55 determined using $ie max. deviatian from inesr response applying rectangular disiribution and is expressed for the square of the

i vaue.

Cortficate No: EX3-7T370_Aug16

Page 4 of
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EX30V4- SN.7370

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

Calibration Parameter Determined in Head Tissue Simulating Media

August 30, 2016

Relative Conductivity = | Depth ™ Unc

FIMHz)® | Permittivity” (Sim)" ConvF X | ComFY | ComvFZ | Alpha® | (mm) (k=2)
150 52.3 0.78 13.30 13.30 13.30 0.00 1.00 | +133%
300 45.3 0.87 12.29 12.28 12.28 0.10 130 | £133%
450 435 0.87 11.07 11.07 11.07 017 160 | £133%
750 419 0.89 10.41 10.41 10.41 0.42 0.91 $120%
835 N5 0.80 10,00 10.00 10.00 0.43 080 | £120%
S00 41.5 0.97 9.75 9.75 875 0.39 093 | £120%
1450 40.5 1.20 8,60 8.60 B8.60 0.41 080 | £120%
1750 40.1 1.37 8.52 8.52 8.52 040 080 | £120%
1900 40.0 1.40 8,16 8,16 B.18 037 080 | 2120%
1950 40.0 1.40 7.04 7.94 7.94 0.39 080 | £120%
2300 305 1.67 7.92 7.92 7.92 0.31 080 | +120%
2450 30.2 1.80 7.28 7.28 7.28 0.41 0.80 | x120%
2600 39.0 1.96 7.15 7.15 7.15 0.41 080 | £120%
5250 359 4.71 5.26 5.26 526 035 180 | £131%
5600 355 5.07 4,80 4.60 4.60 0.40 1.80 | 2131%
5750 354 5.22 4.85 4,85 485 045 180 | £131%

:Frmmvannymmuﬂxol:100MHtoNymhtnASlelmth(seerZ).cmnumiﬂed\ozmum ™e

uncartainty is tho RSS of the CanvF uncertmnty af calibration fraquency and the uncenainty for 2o indicated frequency band. Frequency validity
betow 300 MMz is + 10, 25, 40, 50 and 70 MHz for Comv assessments 82 30, 54, 128, 150 and 220 MHz respectively. Adove 5 GHz frequency
validity can be extended (o £ 110 MHz

'Niroqw:hsww:l@{z‘hvnl‘dtyo'nmoewnm(urno)unbemhmwz1mumdmmmlmeww

messured SAR v8lues. Al frequencies above 3 GHz, the vakdly of lissue paramaters (¢ and o is restricled 1o = 5% The uncertairty iz the RSS of

e Comnf unoertainty for indicaled targe! lisSus persmatens

© AphaDeptn are determined turing cibeation. SPEAG wamants that the remaining deviation dus o the toundary effoct sfter compensgalion is
amlmm-ns1%lwﬁmmam3wwbdansl%'wfmwciaomMMatmymmmmmnmmw

diameder from the boundary

Certificate No: EX3-7370_Aup16
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EX3DV4- SN:7370 August 30, 20168

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

Calibration Parameter Determined in Body Tissue Simulating Media

_f(MHz)© m:q' co?;':;’w ConvFX | ConvFY | ConvFZ | Alpha® D(.nmu 12:1‘)
150 61.9 0.80 1243 | 1243 | 1243 | 000 | 100 | £133%
300 58.2 0.82 1162 | 1162 | 1162 | 008 | 120 | 2133%
450 56.7 0.94 1122 | 1122 | 1122 | 010 | 150 | £133%
750 55.5 0.96 9.96 9,96 9.96 049 | 0B6 | 2120%
B35 55.2 0.97 9.87 9.87 9.87 038 | 094 | £120%
1750 53.4 1.49 B8.24 8.24 8.24 037 | 080 | $120%
1900 53.3 1.52 7.92 7.92 7.92 042 | 080 | $+120%
2450 52.7 1.95 762 7.62 7.62 035 | 080 | £120%
2600 52,5 2.16 7.42 7.42 7.42 043 | 080 | 2120%
5250 48.9 5.36 4.6 466 4.66 050 | 1980 | #134%
5600 48.5 577 | 382 382 | 392 055 | 190 | +131%
5750 483 594 | 425 425 | azs 055 | 180 | +131%

° Frequency vaidily above 300 MHz of & 100 Mz only sppliss for DASY v4.4 and higher (see Page 2), else it i restricled 1o = 50 MHz. The
uncertainty 18 the RSS of the CanvF unoertainty al calibralion ¥equancy and the uncertainty far the indcatad requency tand. Froquency vabdity
Dalow 300 MHz & £ 10, 2540, 50 and 70 MHZ for ConvF assessmants at 30, 84. 126, 150 andt 220 MHz respectively. Above § GHz frequency
valdity can be extended o £ 110 MHz

¥ Al frequancies balow 3 GHz. the validity of faue parsmaters (x and r) can be relaxed fo = 10% i1 Iqukl compensation formuta is appied to
mensured SAR yalues. Al fraguancios abava 3 Giz, the validty al tissue paremeters (v and o) = restricted (0 £ 5% The uncertainty is the RSS of
the Convi uncerainty for indicated targat lissue parameless.

" h ae determined during calibration, SPEAG warrants !hat tha remanng deviabion dus 1o tha bouncary otfoct afier campearsabon is
always =85 than + 1% for frequencies balow 3 GHz and bakow + 2% for frequencies betwean 3-6 GHz at any dstance larger than haf the probe to
diamater from the Soundary.

Cerlificate No: EX3-7370_Aug16 Pago 8af 11
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

EX30V4- SN.73T0

10
0.9

oaf

Frequency response (normalized)
T

v

Certificate No: EX3-7370_Aug16

August 30, 2016

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

{
L} B B si B
500 1000 1500 2000 2500 3000
f [MHZ)
e e:
ncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO.,LTD.

Report No: HCT-A-1701-F003-1

EX30V4-SN:T3T0 August 30, 2016

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
Tat : ? z Tot ; : :

Ervor [dB)

R e e i sag i o S |
. ‘

Rol.[‘l 3
oo 6b T o )

20 M2 1860 MHz 2500 k3

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

Cortficate No; EX3-7370_Aug16 Page 8 of 11
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Dynamic Range f(SARcaa)
(TEM cell , foys= 1900 MHz)
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Uncartainty of Linearity Assessment: £ 0,6% (k=2)
Cerlificate No. EX3-7370_Aug16 Page 9of 11
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EX3DV4- SN7370 August 30, 2018
Conversion Factor Assessment
f= B35 MHz, WGLS R8 (H_comf) f= 1900 MHz WGLS R22 (H_convF)
£ X!
£ gt
H i
! " : ] z '2‘0"‘ = »x » 0 ol - ] [+ 2] ‘h!,"'J o by n 0
= = 2 =,
Deviation from Isotropy in Liquid
Error (4, 8), f = 300 MHz
$
&
10 -08 06 04 02 00 02 04 o6 0a 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Carlificate No: EX3.7370_Auwg16 Page 10 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

| Sensor Arrangement Triangular
“Connector Angle () ' N i 98.9
| Mechanical Surface Detection Mode “enabled
Optical Surface Detection Mods disabled
Probe Overall Length - 337 mm |
Probe Body Diametar 10 mm |
Trp Length 9mm |
Tip Diameter Z5mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point Tmm
[Probe Tip to Sensor Z Calibeation Point 1 mm
Recommended Measurement Distance from Surface . 1.4 mm
Centilicata No: EX3-7370_Aup1é Page 11 o0 11
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HCTCO,,LTD.
Calibration Laboratory of A Setvakiankaik e
Schmid & Pariner \t/// - ® Survice sulsse d':c:ln:mqo
Engineering AG % 3 Servizio svizzoro di taratura
Zoughausstrasse 43, 8004 Zurich, Switkorland &% ﬁ w3 S Swiss Calibration Service
Accradited Ly Ihe Swiss Accreditation Servics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Muttitateral Agreement for the recognition of calibration certificates
client  HCT (Dymstec) Certificate No: EX3-3967_Dec16
|CALIBRATION CERTIFICATE (Replacement of No: EX3-3967_Nov16
Object EX3DV4 - SN;30967
Caltsaton procedure(s) QA CAL-01.v8, QA CAL-12.v9, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6
Calibration procedure for dosimetric E-field probes
Calbration cate: December 14, 2016
This corificae tha Lility 10 nationat , which reslize the ohysical units of measurements (S1)
The messurements and the uncer with cond biley ara given on the folkowing peges and are part of the cenficale
Al calibrations have bean conducted in the cosad |ab y faciity. er 1 temparalure (22 = 3)°C and humidity « 70%

Calivration Equipmant Laed (MATE criieal for calibration)

Primary Standards {ID | Cal Date {Certficate No ) Scheduled Calbration
Powar messr NRP | SN 104778 | 08-Apr-18 (No. 217-02288/2289) Ape-17

Power sansce NRP-Z31 SN 10G244 06-Apr-16 (No. 217-D2288) Apr-17

Powar sansor NRF-Z91 SN 103245 D6-Ape-16 (No. 217-02289) Apr-17

Retarunce 20 0B Altenuator SN S5277 (20w) 05-Apr-16 (No. 297-D2283) AT

Relerence Probe ESIOV2 SN 3013 31-0ec-15 {No. ES3-3013_Dects) Dec-16

DAES SN. 6 23-Dec-15 (No. DAE4-660_Daci5) Dec-16

Secondary Standarts 10 Chock Date (0 houss) Schaduiad Check
Power msier E44188 SN GB41263874 06-Apr-15 (0 house chack Jun-16} In house check. Jun-18
Power sensor E44124 SN: MY4 1488087 06-Apr-18 (0 houss check Jun-18} In house check: Jun- 18
Power sensor E44124 SN. 000110210 06-Apr-16 (1 housa check Jun-16} In house check: Jun-18
RF generator HP BB48C SN, US3642001700 DA-ALg-94 (0 house chack Jun-16] In house chick Jun-18
Network Analyser HP 8763E | SN: US37390635 18-Oct-01 (In house check Oct-18) In house check: Oct- 17

Name Function Sigratur
Calibrated by: Jeton Kastruti ‘Laboentory Techrician a N [M/r
Approved by Katja Pokoult: Wum % /9 z

Issuec. Decernber 14, 2016

This catbration certsficate shall not be reproduced exceot in full withaut wrilten spproval of ihe lat ¥

Cedtificate No: EX3-3967_Decté Page 1of 11
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Calibration Laboratory of S, I .
£ DN Kalib
Schmid & Partner s g Service sulsse d'étalonnage
Engineering AG £} < Servizio svizzero di taratura
Zoughaussirasse 43, 8064 Zusich, Switzerland ’f/'\\\ “ S guiss Casiteation Service
Accrediied by the Swiss Accredtation Sanvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Servics is one of the signatories to the EA
Multilateral Agroament for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX,y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
oce diodas comprassion point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation dependent ingarization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 # rotation around an axis that is in the plane normal to probe axis (at measurement centar),
i.e., 8 =0 is normal to probe axis
Cannactor Angle information used in DASY system to align probe senszor X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

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

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

c) |EC 62208-2, "Procedure to determine the Specific Absarption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHzJ™. March 2010

d) KDB 8656864, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:
NORMx,y.z: Assessed for E-field potarization 8 = 0 (f < 900 MHz In TEM-<cell, f> 1800 MHz: R22 wavaguudo)
NORMx.y,z are only intermediate vakues, |.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL. (see below ConvF).

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

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

« PAR'PAR is tha Peak to Average Ratio that is not calibeated but determined based on the signal
characteristics

o Axy.z Bxy.z Cxyz Dxyz VRxyz A B, C, D are numerical knearization paramelers assessed based on
the data of power sweep for specific moduiation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the dicde,

s ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same setups are used for assassment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy ciose 1o the boundary. The sensitivity in TSL corresponds

to NORMx,y,z * ConvF whereby the uncertainly corresponds to that given for Convi. A fraquency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

»  Spherical isotropy (30 dewiation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

»  Sonsor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe fip
(on probe axis), No tolerance required

« Connector Angle: The angle is assessed using the information gained by datermining the NORMx (na
uncertainty required),
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Report No: HCT-A-1701-F003-1

EX30V4- SN:3967

Dacember 14. 2016

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

Basic Callbration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uM/AVim)*)" 0.53 0.40 0.47 +10.1 %
DCP (mV)® a0 3 291 100.0
Modulation Calibration Parameters
uip Communication System Name A B c D VR Une"
d8 dBvVuv d8 mV (k=2)
9 cw X 0.0 0.0 1.0 000 | 14368 | +30%
‘ Y 00 0 __| 19 V43,7
| z | 00 0.0 10 1533 | =

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%.

* Thw urcardartes of Norm X Y,Z2 do not affect the E'-Seld uncertainty inside TSL (see Pages 5 and 8).
* Numancal linearization parameder uncestainty not required

' Unceriarty = determined uming the max. devastion from inasr response apphying réclangular datribution and I8 axpressad for the squara of the

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © m, " co{(’w ConvF X | ConvFY | ConvFZ | Alpha® D(.n?;)u (:;)
150 52.3 0.76 12.93 12.93 12.93 0.00 100 | 2133%
300 453 0.87 12.08 12.06 12.06 0.10 1.20 £133%
450 435 0.87 1112 | 1112 1112 | 045 120 | £133%
750 41.9 0.89 10.53 10.53 10.53 0.56 0.80 £12.0%
835 41.5 0.80 10.07 10.07 10.07 0.43 0.80 £120%
900 415 0487 994 994 9.94 0.50 0.81 +120%
1450 40.5 1.20 8.48 8.48 8,48 0.42 080 | £120%
1750 40.1 1.37 844 8.44 8.44 0.31 080 | +120%
1900 400 1.40 I 8.22 8.22 ! 8.22 0.37 0.80 +120%

2300 39.5 1.67 7.74 1.74 7.74 0.35 080 | £120%
2450 39.2 1.80 7.48 7.48 7.48 0.34 085 | £120%
2800 39.0 1.98 7.23 7.23 7.23 0.40 088 | +120%
3500 37.9 2.91 7.41 7.41 7.41 0.48 085 | 2131%
5250 359 471 549 549 549 0.320 1.80 +£13.1%
5600 355 507 478 4,78 4.78 0.40 1.80 £13.1%
5750 354 522 5.08 5.09 5.00 0.40 180 | 2131 %

* Frequency validity above 300 MHz of = 100 MHz only 8pgkas for DASY +4 4 and higher {see Page 2), eise it is restricted 1o = 50 MH2. The
urcananty s the RSS of the CanvF unceainty ai caliration fraguency and the uncertainty for the indicated frequency band. Fraguency valikiity
befow 300 MHz is = 10, 25, 40, 50 and 70 MKz far Com# asaessmants at 30, 62, 128, 150 and 220 MHx respectively. Above 5 GHz fequency
validity con be extended 1o + 110 MHz

' At frequencies below 3 Giiz, the validiy of Ussue parameters (e ang o) can bo relaxed to 4+ 10% ¥ Sgud o0 foemuis & applied 10
massured SAR values. Al fraquonmes above 3 GHz, the vaidity of tssus paramelens (x 8nd o) I8 resticted 10 £ 5%, The uncertainty is the RSS of
the ComvF uncartanty for indicated target (issue parpmelers

0 Aphaepth are determined during cafibeafion. SPEAG warmants that the remaining duviatian due to the boundary effect alter compensation i
ahways less than £ 1% for frequancis befow 3 GHz and below = 2% for frequencies between 34 GHz st any distance karges than hall 1 peobea 1ip
dametar from the bouncary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Canductivity Depth * Unc
f(MHz)® | Permittivity " {Sim)" ConvFX | ConvFY | ConvFZ |Alpha® | (mm) | (k=2)
150 61.9 080 12.24 12.24 12.24 0.00 1.00 £133%
300 58.2 0.92 11.89 1189 11.89 0.05 1.15 +133%
450 56.7 084 11,82 11,82 11.82 0.08 115 £133%
750 55.5 0.96 9.79 9.79 9.79 0.35 1.07 +120%
835 55.2 0.87 9.62 9.62 9.62 0.35 0.8 +120%
1750 53.4 149 B.18 8.19 8.19 0.43 0.80 +120%
1900 533 1.52 7.87 7.87 7.87 043 0.80 +120%
2300 52.9 1.81 7.68 7.68 7.68 0.48 0.80 +120%
2450 527 1.85 749 748 7.49 0.38 0.80 £120% I
2600 52.5 2.16 7.28 7.28 7.28 0.37 0.80 +120%
3500 513 a3 6.82 6.82 6.82 0.53 0.78 £131%
5250 489 5.38 47 4.7 471 0.40 1.90 £ 131 %
5600 485 5.77 4.00 4.00 400 0.50 1.90 £131%
5750 48.3 5.94 4.24 424 4.24 0.50 190 £13.1%

© Fragumncy valkiy above 300 MHz of = |oow<lzamynpﬁnlslorm8‘~lv44andmghu(uePageZ)elulnmumdmxsomm
uncerainty is the RSS of the CoevF uncertainty at cabbration freg y and the L y bano. Frequency validity
Delow 300 Mz 15 & 10, 25, 40, 50 andt 70 MHz for ConvF sssessments 8t 30, B4, 123, 150mmm1tmoocl~w Amsm:ﬁmncy
vatlcity can be exlendec 1o = 110 MHz

" At frequencies below 3 GHz. the valdy of lissus parametes (c sad o) can be ralaxed 10 = 0% if liquid compensation formula is sppied to
massurad SAR values. Al requancies above 3 GHz, the valldity of issue parameters (¢ and a) in restricled to & 5% The uncenainty is the RSS of
tha CanvF uncestanty for Mnlltdwgﬁmnm

" Alpha'Oapth am d during jon. SPEAG that the remanng cevialion dua 10 the boundary effect atler compansation 5
dwy:hnhmzY%hvﬁequanamlowiGﬂzanooebwzﬂmmmn&émummlmntmmmmw
diameter from the boundary,
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6,.3% (k=2)
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

=835 MHz WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)

"
BAR WG W

&jnm) [pers
D . 4 .
oyws Saasw mute e e

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

Devialan

10 -D8 08 -04 D2 0O 02 0 086 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

rs—eTsameﬁé?ﬁe_hf Triangular
Cannector Angle () a 27
Mechanical Surface Detection Mode " enabled |
“Optical Surface Detecton Mode disabled |
Probe Overall Length 337 mm
Probe Bbd;bxameter 10 mm
Tip Length T amm |
Tip Diameter 2Z5mm |
Probe Tip to Sensor X Calibration Point - 1Tmm
Probe Tip to Sensor Y Calibeation Point 1 mm
‘Probe Tip to Sensor Z Calibration Point 1 mm
"Recommended Measurement Distance from Surface 1.4 mm
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

HCTCO,LTD.
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Calibration Laboratory of S8 S Schweizerischer Kafibrierdienst

Schmid & Partner % C  Service suisse Gétalonnage
Engineering AG L Servixio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzertand ’?,,,’,ﬁ_;;?" S Swiss Calibration Service

Whaaw

Accredited by the Swiss Accreditation Seevice (SAS) Accreditation No.; SCS 0108

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

Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP dlode compression point

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

A B CD moduiation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 3 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

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

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

¢} |EC 62208-2, “Procedura to determine the Specific Absorption Rate (SAR) for wireless communication devices
used In close proximity to the human body (frequency range of 30 MMz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMy,y.z: Assassed for E-fiedd polatization 8 = 0 (f < 800 MHz in TEM-cell, f > 1800 MHz: R22 waveguide).
NORMx.y.z are only intermediate values, i e, the uncertainties of NORMx,y,z dees not affact the E’-field
uncertainty inside TSL (see below ConvF).

o NORM(f)x.y.z = NORMx.y.2 * lrequency_response (see Fraquency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in tha stated uncertainty of ConvF

«  DCPxy.z: DCP are numerical linearization paramsters 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
charactenstics

e Axyz Bxyz Cxyz Dxyz VRxyz. A B, C, D are numerical inearization parameters assessed based on
the data of power sweap 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: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguie using analytical fieid distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertalnty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

« Spherical isotropy (3D deviation from isotropy): In a fisld of low gradients realized using a flat phantom
exposed by a patch antenna.

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

o Cannectar Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DVA- SN:3797 November 25, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sonsor Z Unc (k=2)
| Norm (uViVimy}t 0.60 0.56 0.55 +10.1 %
DCP (mV)" arg a7.7 97.2
Modulation Calibration Parameters
uiD Communication System Name A | B c D VR Unc
s d8 dBvuv a8 mv | (k=2) |
0 CwW X 0.0 0.0 1.0 000 | 1332 | 235%
Y 0.0 0.0 1.0 148.5
Z | 00 00 | 10 146.9

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

* The uncestantes of Norm X Y.Z do not sfect tha £*-Asid uncertainty inside TSL {see Pages 5 and 6)
* Numarcal lineartzation parmmetnr uncertanty not required

£ Uncenarty & datermined Lsing the max. devatian from inear response soplying rectingular dstribution and Is sxpressod for the square of the
Nald vaho
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ” Unc
f(MHz)® | Permittivity" (Stm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) h=2) |
150 52.3 0.76 11.99 11.99 11.99 0.00 100 | £133%
300 453 0.87 11.04 11.04 11.04 0.10 125 | +133%
450 435 0.87 10.38 10.36 10.36 0.15 125 | £133%
750 419 0.89 9.66 9.66 9.66 0.44 088 | £120%
835 415 0.90 9.33 933 9.33 033 1.01 £120%
900 415 0.97 9.17 9.17 9.17 0.46 080 | +£120%
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | £120%
1750 40.1 137 8.03 8.03 8.03 032 080 | £120%
1800 40.0 1.40 7.79 A A 0.30 080 | 2120% |
2300 395 1.67 7.50 7.50 7.50 0.36 080 | +£120%
2450 39.2 1.80 7.21 7.2 7.21 0.39 0.80 | +120%
2600 39.0 1.96 8.97 6.97 697 0.40 083 | +120%
5250 359 471 5.06 5.06 5.06 0.35 180 | £131%
5600 355 507 462 4.62 4.62 0.40 180 | £131%
5750 354 522 476 ATE 4.76 0.40 180 | +13.1%

* Fraquency validity above 300 MHz of 4 100 Miz anly apples for DASY w4 and hegher (see Page ), else il is restiicted 10 = 50 MRz Tne
uncanainty & the RSS of the CanvF uncertainty at calityation requency and the uncertainty far the indicated frequancy band. Frequancy validity
batorw 300 MHz is + 10, 25, 40, 50 and 70 MHz for Com# assesamaents af 30, 64, 128, 150 and 220 MHz raspectively. Above 5 GHz frequency
validity can be extended (o & 110 Mz,

' A1 requancies below 3 GHz, the validity of tissue paramelers (c and g) can be relaxed ta = 10% # lqud compensation formus 5 apphed to
mossured SAR values At requencies abava 3 GHz, the validty of tissus paremetens (x #0d o) & rastncted 10 4 5%, The uncertmrty 8 the RSS of
the Comnd uncertainty for lnd::wdtvﬂlm pammaeters

Apha/Deptn are during ¢ ion. SPEAG warmants (hat tha remaining deviation due to the boundery eflect after compansation s
ahwevys 1655 than + 1% for frequancies betow 3 GHz and below = 7% for frequencies beteean 3.6 GHz ot any distance larger than half the probe tip
diamstar from the baundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc

F(MHZ)© | Permittivity” is/m)* | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0,80 1138 | 11.38 11.38 0,00 1.00 £13.3 %
300 58.2 0.82 11.02 11.02 11.02 0.05 116 | +133%
450 56,7 0.94 10.70 10.70 10.70 008 | 115 | #133%
750 55.5 0.96 9.60 9.60 9.60 0.50 0.80 +120%
835 56.2 0.97 9.42 9.42 9.42 0.44 0.80 £120%
1750 534 1.49 7.75 7.75 7.5 0.34 0.93 £120%
1900 53.3 1.52 7.45 745 7.45 0.41 0.80 +120%
2450 52.7 195 7.12 719 | 7.8 042 0.80 +120 %
2600 525 216 6.94 594 | 694 0.32 080 | +120%
5250 489 5.36 443 443 4.43 0.45 190 | #1341 %
5600 485 577 3.93 3.93 3.93 0.50 1.90 £13.1%
5750 483 5.94 4.18 418 414 0.50 1.80 +131%

:FrmmvanyammmlzdxthHzoNyeppiabmAsvu,twmqnn?m?).dnnummm:SOMHLTho
uncartainty is the RS af the ConviF uncenainty at calratian fraguency and the unceeainty far !e indcated frequency band. Frequency validity
beow 200 Miz is £ 10, 25, 40, 50 and 70 MKz far Com assessments & 3064, 128, 150 and 220 MMz respectivaly, Above 5 GHz frequency
valldity can be extended fo ¢ 110 MHz.

" At frequancies below 3 Gilz, the valkity of bssus parameters (i and o) can be rslaxed to = 10% I kqud formuta & apphed 1o
measured SAR values. M fraquencies above 3 Gz, (e valdity of tissua paramaters (s and o) is reiricled 10 + 5% The uncertainty = the RSS of
e Corn® uncenainty for indcated largst lissue parameters

b are determined tring calbration, SPEAG warrants that the remmmng deviation due to the boundary effect sfler compansaltion &
amlmwn:\&lokmmm:ﬁwmwgzxmlwumlu%n:nvmmlawmanhulmoprnbnnp
diamaer from the boundary
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EX30V4- SN:3797

November 25, 2016

Frequency responsa (normalized)

Centificate No; EX3-3787_Novié

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

1500 000

f [MHz)

Uncertainty of Fraquency Response of E-field: * 8.3% (k=2)
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Report No: HCT-A-1701-F003-1

EX30V4- SN:3797 November 25, 2016

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
-~ 3, 04 u'-:-.u ) An y S y 'ue
1
" o - . . *
Tet Y 2 ol X Y z
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%_ }
g 00 ’.H-’.&MVM’:*'* -5 t-gue t_-.-‘-.—fw‘—‘l"p
5 !
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| S -]

y - -} .l | W -

: : J——1 S ! L= 1)
150 100 50 0 50 10 150
Rok ']
e (o] > o
100 WiHz B00 Mhz 1230 Wihe 250 Wz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN.3TOT November 25, 2016

Dynamic Range f(SAR}caq)
(TEM cell , foya= 1900 MHz)
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=1 o]
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ey - -
-
5 0 e 15 e 3= g o8 0
5 ‘
2 8 I T 2 PSR
103 102 194 100 0o 102 109
SAR [mW/ecm3] e
L [ B
not compensated romponsatec
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4~ SN.3T87 Novernbar 25 2016

Conversion Factor Assessment

f = B35 MHZ WGLS RS (H_conv) f = 1900 MHz WGLS R22 (H_convF)
\,
Deviation from Isotropy in Liquid
Error (¢, 8), =900 MHz
§
)
10 08 08 04 D2 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Carlificate No: EX3-3797 _Novi16 Page 1001 11
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EX3DV4.. SN:3797 November 25, 2016

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

Other Probe Parameters

[ Sensor Arrangement | Triangular

| Connector Angle (%) T B89
Mechanical Surface Detection Mode enabled

“Optical Surface Detection Mode disabled
Probe Overall Length T 337 mm |
Probe Body Diameter T 10mm |
Tip Length owm |
Tip Diameter 25mm
Probe Tip to Sensor X Calibration Poent Tmm
Probe Tip to Sensor Y Catibraton Point 1mm

"Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurament Distance from Surface 1.4 mm

Ceorificate Na- EX3-3787_Nov16 Page 11 of 11
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FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

Accredited by the Swiss Accraditation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA

Multitateral Ag

for the

Client

HCT (Dymstec)

gnition of calibration certificates

HCTCO.LTD.
: A
Calibn:t;o; L::""""W of & S Schweizerischor Kalibrierdienst
Schm! . arner % c Service sulsse d'élalonnage
Engineering AG T Servizio svizzero i taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand N S Swiss Calibration Service

Accroditation No.: SCS 0108

Certificate No: D835V2-441_ Nov16

CALIBRATION CERTIFICATE

Object

Calbration procedure(s)

Caliraton date

D835V2 - SN:441

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz

November 16, 2016

Calibration Equipment used (MATE critical for calration)

This calibration cedificate documants ihe tracesbilty 1o nafionad standards. which realize the physical unils of measuremants (S9)
The measurements and thi uncanainties with confidance probability ane gven on the following pages and are part of the cectificate

Al calibeations have basn conducted in the closed Ieboratovy tacility. ervironment femparatura 122 + 3)°C and humidty < 70%.

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NAP SN: 104778 O06-Ape-16 (No, 217-02288/02289) Apra7
Powar sensor NRP-Z81 SN 103244 06-Apr-18 (Na, 217-02288) ApriT
Power sensor NRP-291 SN: 103245 UG-Apr16 (No. 217-02289) Apr-17
Realerence 20 o8 Attenuatar SN 5058 (20%) 05-Apr-16 (No, 217-02282) ApraT
Type-N ausmatch combination SN: 5047 .2 / 08327 05-Apr-16 (No. 217-02255) Apr-17
Rolarance Probe £X30V4 SN. 7348 15-lun-16 (N, EX3-7328_Jun16) Jun-17
DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-168
Secondary Standards iD# Check Dale {in house) Schediled Check
Powar matar EPM-4424 SN: GB3748070¢ 070ct-15 (in house check Det-16) In housa check: Oct-18
Powur sansor HP B4B1A SN: US37292783 070ct-15 (in house chéck Oct-18) in housa chackc Oct-18
Powwr sansor HP B481A SN MY4t0s2e3 7 07-0ct-15 {in house check Det-18) In house chack: Oct-18
AF genesator RS SMT-06 SN 100372 15Jun-15 (in house check Oct-18) In house chack. Oct-18
Network Analyzer HP 8753E | SN: US37300585 18-0ct-01 (in house chack Oct-16) In house check: Dct-17
Name Funation T

Calibrated by: Claudio Lesibar Labomatory Technician ")

| e
Approvad by: Katja Poxovic Tachnical Manager

tasvad: Novembar 17, 2016

This calibeation certéicate shall not ba eproduced excepl in full without writtan approval of the Tabaratory

Cedificate No: D835V2-441_Novie
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i,
Callbfation Laboratory of \‘@/", S  Schwelzerischer Kalibrisrdienst
Schm[d & Partner M c Sarvice suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzertand o lf;\\\*\? S swiss Calibration Service
ol
Accrodited by the Swiss Accreditation Servioe (SAS) Accreditation No,: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cantificate No: DB35V2-441_Nov16 Page 2ol B
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Measurement Conditions
DASY systam 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 ox, dy, dz =5 mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 415 0.80 mho/m
Measured Head TSL parameters (220202)"C 40926% 0.94 mhao/m + 6 %
Head TSL temperature change during test <05°C e -
SAR resuit with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Candition
SAR measurad 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalizad to 1W 9.38 Wikg 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Hoad TSL candition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The iollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0,97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 55226% 1.01 mho/m+ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 9.62 W/kag £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized 1o AW 6.37 W/kg = 16.5 % (k=2)

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

Impedance, transfarmed to feed point 5080-18jQ

Retumn Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4600460

Return Loss -2404d8

General Antenna Parameters and Design

LElecmcal Delay (one direction) l 1.369 ns j

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is directly connacted to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order 10 Improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is siill
according 1o the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 08, 2001
Certificate No: D835V2-441 Nov16 Pagedot@
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DASY5 Validation Report for Head TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441

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

Medium parameiers used: f= 835 MHz: o = 0.94 S/m; & = 40.9; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72): Calibrated: 15.06.2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,12,2015
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

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

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

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

Peak SAR (extrapotated) = 3.67 Wikg

SAR(] g) = 2.43 W/kg: SAR(10 g) = L.57 W/ikg

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

-2.23

-4.47

0dB =327 W/kg=5.15 dBW/kg

Centificate No: DB35V2-441_Nov16 PagoSof8
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Impedance Measurement Plot for Head TSL

15 Nov 2816
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DASYS Validation Report for Body TSL

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

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

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

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

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 {front); Type: QD O0L P49 AA; Serial: 1001

» DASY352 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.61 W/kg

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

Maximum value of SAR (measured) = 3.25 W/kg

-2.12

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

Cenrtificate No: D835V2-441_Novis Pago 7 of B
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

4 S % S Schweizerischor Kalibrierdienst

Schmid & Partner P ¢ Service suisse detalonnage
Engineering AG %j e Servizio svizzero di taraturs

Zeughsusstrasse 43, 8004 Zurich, Switzeriand %, i \»-‘“\\. S swiss Calibration Service

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

D1800V2 - SN:2d007

Accroditation No.: SCS 0108

Client Cortificato No: D1800V2-2d007 Nov1é

Ooject

Calibration proceduns(s) QAOAL-osvs -

Cafbration date:

November 16, 2016

This calbration cerlificalo documents the frac v 10 national U5, which rmalize tha physical units of measuremants (S1)
The measuremants and the uncertamties with confidance probability are given on the following pages and are parn of the cerdificate

All cabrations have been conducted in INe closed Eaboratory laciity. environment fempesalire (22 « 3)"C and humidty < 70%.

Calyration Equipmen uSed (METE cntical for calibration)

Primary Standards 10 # Cal Date (Certificate No.) Schedulod Catbration

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

Power sensor NRP-Z81 SN. 100244 C6-Ape-16 (No. 217-02288) Apr-17

Power sansor NRP-231 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Rafarance 20 d8 Atteruator SN: 5058 (20K} 6-Ape-16 (No. 217-02282) Apr-17

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

Retarence Probe EX30DV4 SN: 7344 15 Jur- 16 (No. EX3-7348_Jun18) Jun-17

DAEA4 SN: 601 a0-0ec-15 (No. DAES-601_Dect5) Dec-16

Secondary Standards Loy Check Date {in bouse) Schoduled Check

Powsr mater EPM-4424 Sh: GBAT4807 07-0ct-18 (in house chack Ocl-16) In house chack: Oct-18

Power sansor HF B4B1A SN: US37262783 07-0ct-15 (in house check Ocl-16) In housa chack: Oct-18

Power sensor HP B4B1A SN MY41082317 07-0ct-15 {in house chack Oct-16) In house check: Oct-18

AF generalor RES SMT-06 SN: 100872 15-Jun+18 (in house check Oct-18) i house check: Oct-18

Network Analyzer HP 5753E SN; US37390585 18-0ct-01 {in house check Oct-18) in house check: Oct-17
Nama chﬂpﬂ

Calibratod by: Claudia Laubler ' Labaratory Fechnician:

Approved by Katja Pokavic Technical Manager

Issuat. November 17, 2018

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

Certificate No: D1800V2-2d007_Nov16
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Engineering AG e Sarvizio svizzero di taratura
Zeughausstrasse 43, 004 Zurich, Switzeriand NS S swiss Calibeation Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

b)

c)

d)

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

IEC 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

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

Additional Documentation:

€)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

The re&%ned uncertainty of measurement is stated as the standard uncertainty of measurement
multipl
probability of approximately 95%.

by the coverage factor k=2, which for a normal distribution corresponds to a coverage

Certificate No: D1800V2-2a8007_Nov16 Page20f 8

F-TP22-03 (Rev.00) 185 /218 HCT CO., LTD



aCT

FCC ID: ZNFM400F

Report No: HCT-A-1701-F003-1

HCTCO,LTD.
Measurement Conditions
DASY system configuraticn, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The follawing parameters and calculations were applied.
Temperature Permittivity Conductlvity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220+0.2)°C 391+6% 1.3 mho/m + 6%
Head TSL temperature change during test <05°C eee -
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condltion
SAR measured 250 mW input powes 9.47 Wikg
SAR lor nominal Head TSL parameaters normalized 1o 1W 37.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 19.8 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 5368=26% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.39 Wikg
SAR for nominal Body TSL parameters normalized to 1W 37.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.97 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4720 -84
Retum Loss -20.9 4B
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4380-62|Q
Retumn Loss -20.7d8
General Antenna Parameters and Design
| Etectrical Detay (one direction) [ 1,203 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leading line is directly connected to the
second arm of the dipole. The antenna is therefore short-circulted 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 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 arme, because they might bend or the soldered connections near the

feadpoint may be damaged,

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

Juty 23, 2001
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DASYS5 Validation Report for Head TSL

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

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

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

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

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

« DASYS52Z52.R.8(1258): SEMCAD X 14.6.10(7372)

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

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

Peak SAR (extrapolated) = 17.5 Wikg

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

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

I 3.60
o 7.20
10.80

-14.40

0dB =147 W/kg = 11.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

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

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

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

» DASYS52 52.8.8(1258); SEMCAD X 14.6.117372)

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

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

Peak SAR (extrapolated) = 16,3 Wikg

SAR(1 g) =939 W/kg: SAR(10 g) =4.97 Wikg

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

-3.33
6.65
-9.98

-13.30

-16.63

0dB = 14.1 W/kg = 11.49 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accradation Sarvice (SAS)
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cliem  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16

Accraditstion No.: SCS 0108

CALIBRATION CERTIFICATE

Object D1900V2 - SN: 5d061

Calibeation procedure(s) QA CAL-05.v9

Cusibiration dite: April 25, 2016

Calibeation Equipment used (MBTE critical for casbration)

Calibration procedure for dipole validation kits above 700 MHz

This callbration cerlificals dacumants the traceabilty o national slandards, which realize the physical unils of measuremants (51)
The 1 s and the unces with cenlidence probabilily are ghven on the folowing pages and are par of the certificate

All calbrations have bean contuctad n the closed y fachity: (22 + 3)°C and humidily < 70%.

Primary Standarss 10 ¥ Cal Date {Cestilicats No ) Scheduled Callbration

Pawer meler NRP SN 104778 06-Ape-16 (No, 217-02288/022848) Apr-17

Power sensor NRP-291 | SN: 103244 05-Apr-16 (No. 217-02288) Apr17

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

Aeferance 20 dB Altenualor SN: 5058 (20k) 05-Apr-15 (No. 217-0229) Apr-17

Type-N mismatch combination SN 5M7.2/ 06327  05-Apr-16 (No. 21702295) Ape-17

Raferance Probe EX30V4 SN: 7345 51-Dec-15 (No. EX3-7340_Dec15) Dec-18

DAES SN 601 30-Dec-15 (No. DAE4-601_[ac15) Dec-16

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

Pawar metor EPM-3424 SN: GEIT480704 07-0ct-15 (No, 217.02222) In houss check: Oct-16

Power sensar HP 8481A SN: US37292783 07-Oct-15 (No, 217.02222) In house check: Oct-16

Pawer sansor HP 84814 SN MY41092317 07-Oct-15 (No, 217-02223) In houss oheck: Oal-16

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

Network Anatyzar HP 8753E | BN: LUS37390585 18-001-01 (in house chack Oct-15) in house check: Oct-16
Narne Function Signalure

Cafibrated by: Michasl Waber Laboralory Technician /{

Approved by: Katja Pokovic Technical Managor
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Accredited by the Swiss Accreditation Sarnvics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaters! 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) |IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) |EC 62208-2, "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 cenrtificate. 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 criented
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,

o SAR normmalized: 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%.

Cedtificate No: D1200V2-5d061_Apr16 Page20i8
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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 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)°C 400+8% 1.37 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm?’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.53 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 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 220C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 529+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR 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
SAA measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 20.9 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormead to feed point s250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+B5Q

Heturn Loss -21.0dB

General Antenna Parameters and Design

I Elactrical Delay (one direction) I 1192 ne

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond amm 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 alfected by this change. The overall dipole length is stil
according fo the Standard.

No excessive force must be appliad to the dipale arms, because they might bend or the solderad connections near the

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Centificate No: D1900V2-5d061_Apr16 Page 4ol 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: UID 0 - CW; Frequency: 1900 MHz

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

Measurement Standard: DASYS (IEEENEC/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 W/kg

Maximum value of SAR (measured) = 14.5 Wikg

-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: QDOOOPS0OAA; Serial: 1002

» DASYS252.8.8(1258); SEMCAD X 14.6.1(§7372)

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

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

Peak SAR (extrapolated) = 17.3 W/kg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0dB =149 Wikg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Dbjact

Calivratan date.

Calibration procedura(s)

D2450V2 - SN: 965

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

April 19, 2016

Caftirnion Equipment used (METE entical for calibration)

This calibraficn certficate documents tha raceability 1o natonal standards, which rualize the physicsf units of measurements (SI).
The measuroments and the uncenainties with confidence probabiity are givan on tha following papges and are part of the canificate.

Al calitvations have baen condudiod in the closed Iabornmiory faciiity: enviconment temperature {22 + 3Y°C and humidity < 70%,

Caibrated by:

Approved by:

Network Anatyzer HP 8753E

S US37380585

Name
Michaal Webor

18-0¢1-01 (n house check Oct-15)

Function
Laboratory Technician

Tecnnical Managsr

Primary Standards D& Cal Dats (Certiticate No.) Scheduled Calration
Pawar meter NAP SN: 104778 06-Ape-16 (No. 217-02288/02289) Apri7

Paowar sansor NRP-Z81 SN: 103244 C6-Apr-18 (No, 217-02288) Apra7

Powar sansor NRP-281 SN 103245 0G-Ape-16 (Na. 217-02268) AprAT

Hefsrance 20 dB Attenuator SN 5058 (20K) 05-Apr-16 (Na. 217-02282) Apri?

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

Rateranca Proba EX30V4 SN 7349 31-Dac-15 (No. EX3-7348_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No. DAE4401_Dec15) Dec-16

Secondary Standards DA Check Data (i heuss) Scheduled Chack
Powar meter EPM-442A SN: GB37450704 07-Oct15 (No. 217-02222) In house check: Oat-18
Power sensor MP 8481A SN: US37292783 07-0ct-15 (No, 217-02222) In houss cneck: Oct-18
Power sarsar HP 84814 SN: MYA1082317 0700115 (Na, 217-02223) In house check: Oct 18
AF ganarator H&S5 SMT-08 SN 100872 15-Jun-15 {In house chock Jun-15) In house check: Oct- 18

In house check: Oct-16

Sgnature

Hlkes
A

issued: Apri 20, 2016

This calibration cerniticate ahal not be reproduced except n full without written appeoval of the laboratary,
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Aceragited by 1he Swiss Accraditation 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

o 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 unceriainty required.

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mho/m
Measured Head TSL parameters (220=02)°C 400286% 1.83 mho/m =6 %
Head TSL temperature change during test <05'C - —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Wikg
SAHA for nominal Head TSL parameters normatized 1o 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 5.89 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (220+0.2}°C 527+26% 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 Caondition
SAR measured 250 mW input power 12.4 Wikg
SAR for nominal Body TSL parameters normalized o 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 Whkg
SAR for nominal Body TSL parameters nommalized to 1W 23.0 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 380

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 510045910

Retumn Loss -24.5dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1 1162 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connected to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipotes, 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 excessive lorce must be applled to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
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DASYS5 Validation Report for Head TSL

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

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

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

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76). Calibrated: 31.12.2015;
o  Sensor-Surface: |, 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn60)1; Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001]

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

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

Reference Value = 112.4 V/im; 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
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

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

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

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 14.6.1((7372)

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

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/kg

dB

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =20.0 Wi/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner & \\u__/// % S Schweizerischer Kalibrierdienst
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Engineering AG e Servizio svizzero dl taraturs
Zeughausstrasse 43, B0D4 Zurich, Switzertand AN S Sswiss Catlbration Service
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Accroditod by the Swiss 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

Caltiraton procedure(s) QA CAL-05.v8 = | A e
Calibration procedure for dipole validation kits above 700 MHz

Caltyration dale February 18, 2016

This calbration cerlilicate doclmeants the traceabiity fo national standards, wiich realize the physical unts of measuraments {S1).
The muasirements and the uncedanties with confidence protatiity are gven an the following pages and are pan of the centificate

All cadbrations nave been conducted In the ciosed laboratory facility: anvivonment lemperalure (22 + 37°C and humidity < 70%

Calration Equipment used (METE crilical lor calibeation)

Primary Standards D2 Cal Date (Cenificats No,) Soheduied Callbration

Powar meter EPM-442A GBIT480704 07-0ct-15 (No. 217-02222) Oct1-16

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

Power sonsor HP 84814 MY41052317 07-0ct-15 (No. 217-02223) Oct-16

Refarence 20 ¢8 Attenuator SN: 5058 {20k) 01-Apr-15 (No. 217-02131) Mur-18

Typa N msmatch combination SN: 50472/ 06227 01-Apr-15 (No. 217-02134) Mas-16

Refarmnce Probs EX3DVE SN: 7348 31-Dec-15 (No. EX3-7328 Dec1s) Dec-16

DAE4 SN: 601 30Dec 15 (No. DAEL.E01_Dec1s) Dec-16

Secondary Standards 0 Chack Date (i1 house) o Schaculed Chack

RF generator RAS SMT-06 100872 15-Jun-15 (in house check Jun-15) in house check: Jun-18

Network Analyzer HP 8753€ S37390685 54206 18-0c1-01 (in houso check Oct-15) In house chocik: Oct-16
Name Function S re

Calibwated by Clauda Laubler Labaratary Tachnician

Aoproved by Katia Pokovic Technical Manager /ﬁ %%.

Issued: February 18, 2016

This callbration cartificate shal not be seproduced axcept in full wehout weithan approval of the latoratory.
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Calibration Laboratory of

j Schweizorischer Kalibrierdienst
Schm!d & I?artne{ g Sarvice sulsse d'étalonnage
Engineering AG Servizio svizzero di tartura
Zeughsusstrasse 43, 8004 Zurich, Switzerand S Swiss Calibration Service
Accrediied by the Swiss Accradtation Senvice (SAS) Accreditation No.: SCS 0108

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

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:

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.

s 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.

* 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%.
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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 Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Froquency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 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 <054%C - —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR 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 condition
SAR measured 250 mW input power 6,18 Wikg
SAR for nominal Head TSL parameters normakized 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 (2204 0.2)°C 52526% 218 mhoim =6 %
Body TSL temperature change during test <05°C - v
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 narmalized 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 notmalized to 1W 23.7 Wikg = 16,5 % (k=2)

Cenificate No: D2E00V2-1106_Feb16 Page3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4480-60 0

Return Loss -215d6

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1.150 ns

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

The dipole 15 made of standard semirigsd coaxial cable. The canter conductar of the feeding line is 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 dipale length is still
according to the Standard.

No excessive force must be applied 1o the dipole arms, because they might bend or the solderad 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

F-TP22-03 (Rev.00) 211 /218 HCT CO., LTD



|
ha- FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

DASYS Validation Report for Head TSL

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

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

Medium parameters used: { = 2600 MHz: 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;
o Sensor-Surface: | Amm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOODPSOAA; Serial: 1001

« DASYS5252.8.8(1258); SEMCAD X 14.6.1(0(7372)

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

Reference Value = 113.4 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.4 Wrkg

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

Maximum value of SAR (measured) = 23.1 Wikg

-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

19 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: { = 2600 MHz: o = 2.18 S/m; ¢ = 52.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASY52 Configuration:

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

Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12,2015;
Sensor-Surface: [ 4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 30.12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Senal: 1002

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

Measurement grid: dx=5mm, dy=3mm, dz=5mm
Reference Value = 104,1 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 =212 Wikg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL

18 Feb 2016 18:09:27
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Certificate of conformity / First Article Inspection

item Triple Modular 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
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

{2] IEC 62208 - 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 62208 ~ 2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pan 2: Procedure to determine the Specific
Absorption Rate (SAR) for ... 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 cerify that this item is in compliance with the
standards [1] to [4] for frequencies > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015
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Attachment 5. —

SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1900 2450 -2 700
Tissue Type Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 44.9 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether ) ) . . . )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

Triton X-100(ultra pure):

Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter

F-TP22-03 (Rev.00)
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Attachment 6. — SAR SYSTEM VALIDATION

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

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

Dielectric Parameters CW Validation ‘Modulatlon Val|dat|on
Pl C;irt?lpa?ion i Date
Type Point Measured Measured Sensitivity Probe | Probe | MOD. ﬂﬂ
Permittivity Conductivi LinearityIsotropy| Type |Factor

1 3863 | EX3DV4 |Head| 835 441 |11. 24. 2016 41.5 0.89 PASS PASS PASS | N/A | N/A | N/A
1 3863 | EX3DV4 |Head| 835 441 |11. 24. 2016 41.5 0.89 PASS PASS | PASS |GMSK|PASS| N/A
9 3968 | EX3DV4 |Head| 835 441 |11. 24. 2016 41.5 0.89 PASS PASS | PASS |GMSK|PASS| N/A
5 3903 | EX3DV4 |Body | 835 441 |11. 25. 2016 55.4 0.98 PASS PASS | PASS |GMSK|PASS| N/A
9 3968 | EX3DV4 |Body | 835 441 |11. 25. 2016 55.4 0.98 PASS PASS | PASS | N/A | N/A | N/A
9 3968 | EX3DV4 |Body | 835 441 |11. 25. 2016 55.4 0.98 PASS PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Head| 1800 |2d007 | 11. 24. 2016 40.1 1.41 PASS PASS | PASS | N/A | N/A | N/A
12 |7370| EX3DV4 |Head| 1800 |2d007 | 11. 24. 2016 40.1 1.41 PASS PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Body | 1800 |2d007 |11. 25. 2016 53.3 15 PASS PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Body | 1800 |2d007 |11. 25. 2016 53.3 15 PASS PASS | PASS | N/A | N/A | N/A
12 |7370| EX3DV4 |[Head| 1900 |5d061 | 09.12. 2016 40.4 1.42 PASS PASS | PASS | N/A | N/A | N/A
12 |7370| EX3DV4 |Head | 1900 |5d061 | 09.12. 2016 40.4 1.42 PASS | PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Body | 1900 |5d061 | 09.13. 2016 53.2 1.52 PASS | PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Body | 1900 |5d061 | 09.13. 2016 53.2 1.52 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 | EX3DV4 |Head | 2450 | 965 |05.02.2016 39.1 1.78 PASS PASS | PASS |OFDM| N/A |PASS
8 3967 | EX3DV4 |Body | 2450 | 965 |05.03.2016 52.4 1.96 PASS PASS | PASS |OFDM| N/A |PASS
3 3797 | EX3DV4 |Head | 2600 | 1106 |12.06.2016 39.1 1.97 PASS PASS | PASS | N/A | N/A | N/A
3 3797 | EX3DV4 |Body | 2600 | 1106 |12.07.2016 52.7 2.15 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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