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Accredited by the Swiss Accrediation Servce (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibeation cerificates

Accreditation No.; SCS 0108

cient  HCT Certificate No: EX3-3863_Jul16
CALIBRATION CERTIFICATE. |
Otjrct EX3DV4 - SN:3863 |
R

Calbrstion date

July 28, 2016

This calibration cestificate decumants the tracostifity 1o ga, which reallza the physical units of measurements (51),
The measuraments and the uncertainties with confidence probabiity ane given on the following pages and e par of the cenificate

Al caibrations have been concuciad in the closad aboratory facilty: anvimnment temperature (22 & 31°C and humeity < 70%

lwum Eguoment used (MATE ontical for callbraton)

Primary Standards lv) | Cal Date {Corficate No.j Seheduied Catbation
Powar meter NRP SN 104778 06-Apr-16 (No. 217-02288/02288) Apr-17
Powat sensoc NRP-Z31 SN 103244 06-Apr-16 (No 217.02208) Apr-17
Powaer sensor NRP-Z61 SN: 103245 06-Ape-14 (No 217.02289) Ape-17
Reference 20 4B Atanuator SN: 88277 (20w) 05-Ape-16 (No. 217-02283} | Apr-1?
Referencs Probe E530V2 SN: 3013 31-D9c-15 (No. ES3-3013_Dec15) Dao-16
DAEA SN: 660 23-Oec-15 (No. DAESH60_Dec15) Dac-18
Saecondary Siancards 1 Check Date (in house) Schatuded Chech
Power meter E44196 SN GB4L1293874 08-Apr-18 (in house check Jun-16) 1 house check: Jun-18
Power sansor EA412A SN MY4 14E808T Q-Apr-18 (In howse check Jun-16) In house chedk. Jun-18
Powear sensor EA412A SN 000110210 06-Apr-186 (in houss check Jur-16) In house check Jun-16
RF generptar HP 8546C SN: LSI8420U01700 04-ALg-29 (In house check Jun-16) In house check: Jun-18
Network Analyzer HP 8753 SN US37390835 18-Oct 01 (in house check Cet-15) In house check: Oct-16
Namo Furction
Callbrated by: Clalttio Latbier | Laboratory Techeician &
T

Issued: July 29, 2016

This caltaration certificate shal not be reproduced except £ hull without weitten approva of the leboratory,
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The Swiss Accreditation Service is one of the signatories to the EA

Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating fiquid

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 infarmation used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 82208-1, "Procedure 1o 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 §2208-2, "Procedure 1o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in ciose proximity to the human bady (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 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.&., the uncertainties of NORMx,y.z does not affect the E*-fiald
uncertainty inside TSL (ses 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 is inciuded
in the stated uncertainty of ConyF

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

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

o Axy.z Bxy.z Oxy.z: Dxy,z VRxy.z: A B, C, D are numerical linearation parameters assessed based on
the data of power sweep 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 MMz, 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 * ConvF wheraby the uncertainty correspands to that given for ConvF, A frequency dependent
ConvF i used in DASY version 4.4 and higher which aliows extanding the validity fram = 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).

Corfificate No- EX3-3863_Juné Page2o0f 11
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Report No: HCT-A-1701-F003-1

EX3DV4- SN:3863

July 28, 2016

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

Basic Calibration Parameters

Sensor X | Sansor Y Sensor Z Unc (k=2}
[ Norm (uVvi(Vim)y)* 0.35 0.34 0.44 =101 %
| DCP (mV)" 632 ] 101.0 99.6
Modulation Calibration Parameters
uiD c ication Sy Name | A B [ 3} VR Unc"
dB | dBVuV a8 | mv (k=2)
L oW X | 0.0 0.0 10 | 000 | 1314 | $30%
' Y| 00 | 00 10 148.2
L z | 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 T5L (soe Pages 5 and 6)

 Numarical Insarization pammetes uncerainty not reguired.

* Uncertainty is detemmingd using the max. deviation from linear response apphing rectangus dstrinution and is sxpréessed for the square of the

fiald value

Cartificate No: EX3-3863_Jul16
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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” Une

t(MHZ)® | Permittivity” (srm)* ConvF X l ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
150 523 0.76 12.59 12.59 12,50 0,00 100 | £133%
300 453 0.87 11.75 1175 1.75 0.11 1.20 | +133%
450 435 0.87 10.84 10.84 10.84 0.20 125 | +133%
750 41.9 0.89 10.44 10.44 10,44 0,36 103 | 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 40.1 1.37 B.65 8.65 8,65 0.28 097 | +120%

1900 40.0 1.40 8.38 8.38 838 0.33 080 | +120%

1850 40.0 1.40 8.00 8.00 8.00 0.33 080 | 2120%
2300 39.5 1.67 7.84 7.84 7.84 0.30 0.80 | £120%
2450 392 1.80 7.42 742 7.42 0.39 080 | £120%
2600 39.0 1.96 747 7.7 747 0.41 0.81 +12.0%
5250 359 am 5.01 5.01 5.01 0.40 180 | £13.1%
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%

‘ancymmnyamamwzd=1ooumonlyapum'amsvunmm:(mrapz).ﬂun&smmmmzsom ™he
uncertainty is the RSS of tha ConvF uncertainty at caldvation frequency and the uncertainty for the indcated frequency band. Fraguancy validity
below 300 MH2 18 = 10, 24, 40, 50 and 70 MHz far Coon® asasssmants at 30, 64, 128, 150 and Z20 MHz respectively, Adove 5 GHz ¥requancy
vatlidity can be extended to 4 110 MHz
'Mmmmuscﬂx.Ihovaldtyolnsrucpmms(randn)wmmhmdmx10%llw‘d P fi = applied 10
messured SAR vakies. A frequencies above 3 GHz, he valdty of tissus perameters (¢ and o) o restncted to + 5% The uncestainty s the RSS of
the ComwF uncertanty for Indicated larget lissue paramelers,

U AphaDopth are determined dixing caibration. SPEAG warrants thet ha g duviation due to the boundary effact atter compensation s
Myumlmx1%lovrfmnd-sbemr36ﬂzwbeb~:J'Ltuﬁ-wdusbmems-amrntanymnmuvwmmndlmemm:
diamestar from the boundary,

Cortificate No: EX3-3863_Jul16 Page 5of 11

F-TP22-03 (Rev.00) 113 /218 HCT CO., LTD



-
hC'- FCC ID: ZNFM40OF Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

EX30V4- SN:3863 July 28.2018

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unc

| 1{MH2)® | Pormittivity” (Sfm)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12.11 12.11 12.11 0.00 100 | 2133%
300 58.2 | 0.92 11.56 11.56 1156 | 0.05 120 | +133%
450 56.7 0.94 1124 | 1124 1124 | 0.09 125 | +133%
750 555 0.96 9.98 9.98 9.98 048 | 082 | £120%
835 55.2 0.97 9.73 9.73 9.73 048 | 080 | £120%
1750 53.4 1.49 AT 8.7 8.17 040 | 0B3 | #120%
1800 53.3 152 7.83 7.83 7.83 038 | 083 | +120%
2450 527 1.95 7.45 7.45 7.45 038 | 080 | £120%
| 2600 52.5 2.16 7.24 7.24 7.24 [ 032 | 080 | 2120%
5250 489 5.36 4.49 4.49 4.49 0.45 190 | #131%
5600 48.5 5.77 377 3.77 3.7 055 | 190 | +131%
5780 48.3 5.94 4.19 419 418 0.55 190 | +131%

© Erequency valgity above 300 MHz of £ 100 MH onty applies for DASY vd.4 and higher (50 Page 2), aise & i resiricted to + 50 MHz. The
unceriainty s the RSS of the Cornd uncertainty it caibration froquency and te unoeranty for the ndicated fraquency band. Freguency valkiity
balow 300 MHz i + 10, 25, 40, 50 antt 7 M8z for CanvF assessments of 30, 54, 128, 150 and 220 MHz respactivoly Abave 5 GHz frequency
validty can be extended 1o = 110 MHZ

'Mmmwwacm.tmmmdﬁmmmm(cmdn)mbomhnama1046dlinu’d P fion formuda s apphed to
measume SAR values. Al bequencies above 3 GHz the validity of 15509 parameters [z and o) \a restricied 10 = 5% The uncerdainty is the RSS of
the Convi® uncestanty Tor iIndicated target fssus Darams|ens

" Alpha/Dapth are deiermined during calibeation. SPEAG thet the g due o the boundary effect aftor compensation &
shways less than ¢ 1% for froguances below 3 GHz and below £ 2% for equences betwaen 3-8 GHz &l any distance Srger than hall the proba tp
diametar from thi boundary

Cerificale No: EX3-3863_Jul1 Page 60f 11
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FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1
HCTCO, LTD.
EX30V4- SN:3863 July 28, 2018
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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FCC ID: ZNFM400F
HCTCO.,LTD.

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

EX3DV4.. SN:3863

July 28, 2016
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
&
% :,:--lr!—x—s-o-rgﬁp..-_,:.;:!-42:3:!,: #*;:ll;;-;—"ﬁ
¥
; = Rok [1]

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

Certificate Nor EX3-3863_Jul16 Page 8of 11
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Dynamic Range f(SAR}eaq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: EX3-3883_Jul16 Page 9ol 11
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Conversion Factor Assessment

f = B35 MHz WGLS RS (H_convF) { = 1900 MHz, WGLS R22 (H_comF)
1 ) =2 '
» - !
‘. - i =1
n 2
; 5
Wi
| 3]
B . R i | ) A ms ->
v ) "w . 0 = = - « Q ] - " x S = - .
2ime sloml
. - = ooy
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
40 -08 -06 -04 02 00 02 04 08 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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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

["Sensor Arrangement Triangular |
Connector Angle (7) 107.2 |
Mechanical Surface Detection Mode Tl enabied |
"Optical Surface Detection Mode disabled
Probe Overall Length © 337 mm

{Probe Body Dlameter 10 mm |
Tip Length amm

| Tip Diameter ' 25mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm

[Frobe Tip 1o Sensor Z Calibration Paint 1 mm
Recommended Measuremant Distance from Surface 1.4 mm

Cartificate No: EX3-3863_Jul16 Page 11 of 11
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FCC ID: ZNFM400F

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

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzertand

Accreditad by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muititataral Agraement for the recognition of calibration cortificates

Calbraton oste

This calramon cenificats

Ihe raceatsdity to

Calbrntion Equipment Used (MATE criical for calibration)

3

©

=

RNy

i

Sarvice suisse d'étalonnage
Sarvizio svizzero & taratura
Swiss Caliration Service

Accraditation No.: SCS 0108

standards. which raalize the ptysical unils of messurenents (S().
The measwurements and the uncanainties with confidénce probatslity are given an the followng pages and are part of the cedificate

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

Primary Stantarts 0 Cal Date {Cendcata No ) Scheduked Caltwration
Pawee mpter NRP SN 104778 Of-Apr-18 (No. 247-02288/2289) Apr-17

Power sensor NRP-291 SN 103288 O8-Apr-16 (No. 217-02288) Apr-17

Powee sensar NRP-Z91 SN 103245 Q6-Apr-18 (No. 217-02286) Apr-17

Rk 20 ¢B A SN- S5277 (20x) 05-Apr-16 (No. 247-02263) Apr7?

Ref Probe ES3OV2 Sh: 3013 31-Dec-15 (No. E53.3013_Dec15) Dec-18

DAE4 SN 680 23.Dec-15 (No. DAEA-060_Dects) Oec18

3 dary Standard: D Chack Uate (in house) Scheduled Check
Power meter E44 198 SN GBA1233874 06-Apr-18 (No. 217-022656X2284) in house check: Jun- 168
Pawer sensor EA4124 SN MY41468087 06-Apr-18 (No. 217-02285) in house check: Jun-16
Power sensar EA412A SN. 000110210 06-Ape-18 (No. 247-02284) in house check: Jun- 16
RFF generator HP 8648C SN US3IB42U01700 04-Aug-84 (in house check Apr-13) in house chack: Jun-16
Network Anavyzer HP 8753€ SN US37390585 18-Oct-01 (in housa check Oct-15) In house check: Oct- 16

Name

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

Certilicate No. EX3-3968_May16
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Calibration Laboratory of

Schweizorischor Kalibrigrdienst
Schmid & Partner ‘S: Sarvice suisse d'dtalonnage
Engineering AG Servizio svizzero di taratura
Zoughaussirasse 43, B004 Zurich, Switzerand S Gt Caltaticn Seviois
Accrediied by the Swies Accreditaion Servics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multitateral Agr for the gnition of callbration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity In free space
ConvF sensitivity in TSL/ NORMx.y.z
DCP diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ i retation around probe axis
Paolarization 8 8 rotation around an axis that is in the plane normal to probe axis (3t measurement center),
e, § =0 Is normal 1o probe axis
Connector Angle information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 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 ta measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz (o 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 MMz 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-fisld polarization 8 = 0 (f < 300 MHz in TEM-cell, I > 1800 MHz: R22 wavogu-do)
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 CaonvF),

«  NORM(fjx,y.z = NORMx.y,z * fraguency_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 Dxyz 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 s the maximum calibration range expressed in RMS voitage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on power
mesasurements for { > 800 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 tolerance required,

« Connector Angle: The angle &5 assessed using the Information gained by determining the NORMX (no
uncertainty required).

Certificate No: EX3-39638_May16 Page 2 of 11
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Manufactured:  September 30, 2013
Calibrated: May 31, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 systeml)
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EXIDV4- SN:3068 May 31, 2016

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

Basic Calibration Parameters

L. Sensor X Sensor Y I Sensor 2 | Une (ks2)
Norm (uVi(Vim)*)* 0.36 0.35 0,42 2101 %
DCP (mV)* 101.7 102.0 a7.4
Modulation Calibration Parameters
V]3] | € ication Sy Name A B c ) VR Une"
dB d8ypuv | | dB mV (k=2}
0 | CW | X 00 | D0 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%.

* Thes uncanainties of Notm X.Y Z do not affect e E”.field uncertainty inside TSL {see Pages 5 ard 6)
" Numanical nearzation parameter. uncenainty nol reguired
" Uncartainty s detanmined using the max. devinion fron inesr response sophing ractangular datribuion and Is expressed for the square of the

fiald value
Cartificata No: EX3-3568_May16 Page 4 of 11
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hC'- FCC ID: ZNFM40OF Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

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" (§m)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 1347 | 1347 | 1317 | 000 | 100 | £133%
300 453 0.87 1210 | 1210 | 1210 | 008 | 110 | $133%
450 435 0.87 1073 | 1073 | w073 | 016 | 120 | 2133%
750 4139 0.89 w0z | 102 | 1027 | os | 080 | £120%
835 415 0.90 9.97 9.97 097 | 042 | o087 | s120%
900 415 0.97 9.62 9.62 862 | 025 | 120 | £120%
1450 405 1.20 855 B.55 BSS | 034 | 080 | +£120%
1750 401 1.37 8.45 ' 8.45 845 | 033 | 080 | £120%
1900 400 | 140 814 | 814 844 | 031 | 080 | £120%
1850 40.0 1.40 7.89 7.89 789 | 037 | o080 | $+120%
2300 395 1.67 7.72 7.72 772 | 030 | 089 | +120%
2450 392 1.80 7.30 7.30 730 | 035 | o080 | :+120%
2600 390 1.96 7.24 7.24 724 | 037 | 080 | £120%
5250 35.9 471 535 535 535 | 030 | 180 | +131%
5600 35.5 5.07 4.86 4.66 466 | 040 | 180 | s+131%
5750 354 5.22 478 4.78 478 | 040 | 180 | 131%

‘Frmmmnymmmzdzmm&mmmmmsvuamngm‘mmgez; sise € 5 restricted to + 50 MHz. Trhe
uncartarity 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 ConvF assesaments st 30, 64, 128, lSOamlitrmedudr AbanSGszrmncy
valdky can ba extended 10 2 110 MHz

© At requencies below 3 GhHz, the valdey of tissus parameters (c and a) can be relaxod 1 = 10% i guid pensation formula ts appied 1o
maasured SAR values. Al frequencies above 3 GHZ, (he valdity of tissue pasametens (¢ Bnd o) & restrictad (o £ 5% Tmmmunyamoﬂssa
the CanvF uncertainty for ndicated farget tssue parameters

% Alpha/Degpth are determined during calibration. SPEAG that the jon due to tha b y affact atter comp
ammmz1*b¢heqmbe&mn36ﬂzmdhdwz2%b1mmmnmMG&mm&mthmmmm
diamater from 1he boundary.

Cerfificate No: EX3-3968_May16 Page 5of 11
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hC'- FCC ID: ZNFM40OF Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

EX30V4- SN:3968 May 31, 2616

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

Calibration Parameter Determined in Body Tissue Simulating Media

5 Relative | Conductivity Depth * Unc

f (MHz) Permittivity _(S!m) ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 81.9 0.80 1246 | 1246 | 1246 | 000 | 100 | 2133%
300 58.2 0.92 11,57 11.57 11.57 0.08 1.11 £13.3%
450 567 094 11.24 11.24 11.24 0.10 120 | £133%
750 55.5 0,96 5.65 9.65 9.65 0.40 082 | £120%
835 §5.2 0.97 .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 625 2.16 mm 7.1 7.1 034 | 080 | +120%
5250 48.9 5.36 4.37 4.37 4.37 0.50 180 | £131%
5600 485 577 3.78 3.8 3.78 0.55 180 | £131%
5750 483 5.94 3402 3.92 3.92 0.60 180 | £131%

chequmvaiélyabove&OOM&o!:100Miﬁontyngpfmhmsvu&mm;tm(m?mz).uunuroﬂncled!o:som:. The
uncenainty is the RSS of the Comd uncertamly ot calibration freg y and the ¢ y for the indicated fraquancy band. Frequency vasldity
balow 300 MHz 5 £ 10, 25. 40, 50 and 70 MHZ for ConvF assesaments nl 30, 64, 128, 150 and 220 M#(z respectively, Above 5 GHz frequency
vaiidity can be @denoad to + 110 MHz

' At frequancies betow 3 GHz. the validity of tssue parameters (¢ and o) can be refaxed 10 = TO% I liquit compansation fomua s appted to
measured SAR values, At frequencies abova 3 GHz, tha validity of lissue parameters (1 And o) i reaEiclad 10 = 5%. The uncertainty is the RSS of
the Comd uncartainty for indcated target tissue parameters.

* Alpha/Depsh are d during cakb SPEAG warrants that the ramamng ceviation cua 10 tha boundary otfect after compensation is
Swoys 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

Cenrtificate No: EX3-39668_May 16 Page 6 of 11

F-TP22-03 (Rev.00) 125 /218 HCT CO., LTD



I CT

HCTCO.,,LTD.

FCC ID: ZNFM400F

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

EX30V4- SN:3968

normalized)
~n

f,
\

Frequency response

Centificate No: EX3-2968_May16

May 31,2018

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

500 1000 1800 2000 2500 3000
f (MHz]

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

EX30V4. SN:3068 May 31, 2016

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN.1968 May 31, 2016

Dynamic Range f(SAR}¢a4)
(TEM cell , fo.0= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certdicate No: EX3-3968_May16 Page 9 of 11
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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)
:
3
15 {
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s . i
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s = =1 =
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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n
60
10 08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
Cenificate No: EX3-3968_May16 Page 10t 11

F-TP22-03 (Rev.00)

129 /218

HCT CO., LTD



-
ha- FCC ID: ZNFM40OF Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

EX3DV4- SN:3968 May 31, 2016

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

Other Probe Parameters

Sensor Arrangament Triangular
“Connector Angle (*) o 834
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode o T disabled |
Probe Querall Length ' 337 mm
Probe Body Diameter ' 10 mm
Tip Length 9mm
[ Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibraton Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Cenificate No: EX3-3968_May16 Page 11 of 11
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FCC ID: ZNFM400F

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

HCTCO,LTD.
Calibration Laboratory of S Schweicarischar Kailbriard
Schmid & Partner G Service suisse détaionnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service

Acoredied by the Swins Accredtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multliaterat Agroement for the recognition of callbration certificates

Calibration date:

The I8 ond (e s wiih confic

Calbraton Equipment used (MATE critical foe caliration)

This catbeation cemficats documants the troceabiity to naficeal standeeds, wiich reahize the physical units of messwremants (51)
peobabiity are givan on tha folowing pages and are pant of the certificarie.

All calbrations have been conducted In e clossd dorsiony faciity, envrorment tnmperatioes (22 £ 3)°C and humidity < 70%.

Accreditation No.: SCS 0108

_Primary Standards 1 Cal Date (Cartificate No | Scheduled Calitration
Power meter NRP SN: 1778 08-Apr-16 (No. 217-0223812285) Ape-1T
Fowar senscr NRP.291 SN 103244 0B-Apr-18 {No. 217-02288) Ape-17
Powar sansor NRP-Z31 SN 106245 06-Apr-18 (No. 21702289) Ape-17
R 20 B A SN: SS277 (20%) Q5-Apr-18 (No. 217-02233) Agr-17
Retersnce Prabe ESIOV2 SN- 3013 31-Dec-15 (No. ES3-3013_Dec15) Dec-16
DAE4 SN 660 23-Dec-15 (No. DAE4A-860_Dects) Dec-18

| Sacondary Sandands 0 Check Date (in house) Schedukd Check
Fower meter E44108 SN: GBMZBQ!E W—\D(MMMMMIG) in house chack: Jun-18
Pawar sensor E4412A SN MY4 1486087 05.-Aar-18 {in house check Jun-18) In houss chack: Jun-18
Fowar sansor E44124 SN 000110210 05-Agr-18 (in house check Jun-16) I house cheok: Jun-18
AF g HP B54HC SN US352001700 04-Aug-9¢ {in house check Jun-16} In houss chack: Jun-18

Analyzee HP 8753E SN US37300565 18-0ct-01 {in house chack Oct-15) In house check: Oct-16
Funtclion Signature
Approved by:

Thes cafibestion caificate shall nut be

P o mxcept in full withou! weilten sporovad of (ha laberatory.
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HCTCO,LTD.

Calibration Laboratory of s s {schr Kality

Schmid & Partner G Service suisse détalonnage
Engineering AG Servizic svizzero di taratura

Zeughausstrasse 43, 0004 Zunch, Switzeriane S Swiss Calibration Service

Accradiiod by the Swiss Accrediatian Ssivice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificstes

Glossary:

TSL lissue simulating kquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DecpP diode compression point

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

AB.C,D medulation depandent linearization parameters

Polarazation ¢ o rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

8) 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
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)*, February 2005

¢)] |EC 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 865664, "SAR Measurament Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o  NORMy,y.2, Assessed for E-field polarization 8§ = 0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 wavegulde).
NORMx.y.z are only intermediate values, 2., the uncertainties of NORMx,y.z does not affect the E*field
uncertainty inside TSL (see below ConvF).

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

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

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

o Axyz Bxyz Cxyz Dxyz VRxyz A B, C, D ate numerical linearation parameters assessed based on
the data of power sweep far specific modulation signal. The parameters do not depend on frequency nor
media. VR IS the maximum calibration rangs 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 distnbutions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typscal uncertainty values are given. These paramelers are
used in DASY4 software fo improve probe accuracy close 1o the boundary. The sensitivity in TSL cofresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which aliows extending the validity from £ 50 MHz to £ 100
MHz.

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

*  Sensor 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 required)

Cerificate No: EX3-3903_Sap16 Page 2of 11
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EX30V4 - SN:3%03 Seplember 24, 2016

Probe EX3DV4

SN:3903

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

Calibrated for DASY/EASY Systems

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

EX3DVA- SN:3003 Saplember 28, 2016

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

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z unc (k-'{)"j
Norm (uVi(Vim))" 0.39 0.38 053 +10.1%
| DCP (mV)° | 102.5 106.2 103.1

Modulation Calibration Parameters

vo ¢ System Nama A B ¢ o VR Une'
4B | dBVWV | L mv (k=2)
L) | cw x| o0 00 10 | 000 | 1740 | #35%
Y 0.0 0.0 1.0 N 1046
Z| oo 0.0 1.0 1944

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

* The uncertainties of Noem X.¥,Z 0o not affect the E*lieid uncadtanty Inside TEL (see Pagns % and 6)

¥ Numerical inaanzaton parameter: uncerainty not requined

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

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

EX3DV4- 5N:3803 September 28, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dopth~ Unc

f(MHz)® | Permittivity" (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 13.42 13.42 1342 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 1.5 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 +120%
1450 40.5 1.20 B.76 8.76 8.76 0.38 080 | +120%
1750 40.1 1.37 8.75 875 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 39.5 1.67 8.01 '. 8.01 8.01 032 0.80 +12.0%
2450 39.2 1.80 7.54 ‘ 7.54 7.54 0.31 0.84 £120%
2600 39.0 1.96 7.42 7.42 7.42 0.31 0.86 £12.0%
5250 359 471 5.51 5.51 5.51 0,36 1.80 +131%
5600 355 507 478 478 4.78 0.45 1.80 £13.1%
5750 354 522 5.04 5.04 5.04 0.45 180 | 131 %

 Froquancy vaildity above 300 Mz of 4 100 MHz only apoles for DASY wt& and higher {se Page 2). alse it i restricied o = 50 Mz The
uncertainty &5 the ASS af the CanvF uncertainty &t caliration fre and the foe the y bandd. F vabaty
below 300 Mz is £ 10, 25, 40, soandmumrarcmmaum 654,128, 150l\dmm-lzwocm¢iy AhavobGﬂx'rmncy
validity can be exended 10+ 110 MHz

' A1 trequencies bolow 3 Gz, th valdity of tissue parameters (¢ and o) can ba rekaxed 10 + 10% I liquic compensation formula is sppled 10
measured SAR values, AL frequencias above 3 GHz. the valldity of 1ssue parameters (. and o) is resiricied o = 5% The uncertaimty is the RSS of
tha ConvF uncadtanty for indicated target tssue paramaters,

“ AlphaDapth are cetamined during calitration. SPEAG warrants that the remaining deviaton dus 10 the boundury sffect aftee compensation is
atways less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GH2 & any distancs larger than ha the probe bp
dametar kom the boundary,
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HCTCO,,LTD.

EXIDV4- SN:23803 September 28, 2016

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

Calibration Parameter Determined in Body Tissue Slmulating Media

Rolative ComluctMty Depth © Unc

F(MHZ)© | Pormittivity" (Sfm)" ConvFX | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
150 519 0.80 1333 | 1333 | 1333 | 000 | 100 | +133%
300 562 0.92 1207 | 1207 | 1207 | oos | 110 | s133%
450 56.7 094 1185 | 11085 | 1195 | 010 | 120 | £133%
750 55.5 0.96 1050 | 1050 | 1050 | 020 | 113 | £120%
835 552 0.97 1042 | 1042 | 1042 | 055 | 080 | £120%
1750 [ 534 1.42 B.37 8.37 837 | 035 | 091 | z120%
1900 533 1.52 810 | 810 810 | 037 | o080 | £120%
2450 527 1.95 769 | 789 | 769 | 033 | 085 | +120%
2600 525 216 | 745 | 745 | 745 | 033 | o090 | :120%
5250 48.9 5.38 463 | 463 | 483 | 080 | g0 | 131w
5600 485 577 385 | 385 385 | 060 | 160 | £131%
5750 483 5.94 413 | 413 | 413 | 060 | 180 | :131%

 Frequency valdty above 300 MHz of £ 100 MHz cnly applies for DASY v4.4 and higher (ses Page 2), elsa it is restficted 1o = 50 MHz The
uncedanty is tha RSS of the ConvF uncartainty at calibeaticn frequency and the uncanainty for the indicased fequency band. Frequency validity
Delow 300 MHz 1s £ 10, 2640, 50 and 70 Mitz for ConyF assassments 81 30, 64 128 150 and 220 MHz mspecively. Above § GHz froquency
valdity can be extended %o £ 110 MHz.

" Al requencies bakow 3 GHz. the validity of tssue parameters (e and o) can be relsxed o = 10% If Iguid compensaton fonmula is appiied o
measured SAR values. Al frequencies above 3 GH2. the validiy of tissuo parameters (c and o) & restricted (o & 5% The uncananty & the RSS of
the ConviF uncerainty for indicatad targal ssue parametars

% Alpha'Depth are detemined dunng calbrason. SPEAG warrants thal the remaning Genviation dus 10 Iha b y eflect aftor comp

Blways kess than + 1% for frequencies below 3 GHz and below £ Hlanmnc-osm}GGHzatanymhrgummhmmpnbuup
diamaler from the Soondary.
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FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1
HCTCO.,LTD.
EX3DV4-- 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(SARcaq)

(TEM cell , fyuw= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

=835 MH2 WGLS RS (H_convf)

‘0

14

bl L
"

[ = 1900 MHz WGLS R22 {H_convF)

N > n - -
ol
A

e ol

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

-0 -08 06 -04 02 00 02 04

08 03 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensar Arrangement ’ Triangular

Connector Angle (*) [ 333
‘Mechanical Surface Detection Mode | enabled
“Optical Surface Detection Mode ‘ disabled

Probe Overall Length 337 mm

Probe Body Dismater 1 T 10mm |
Tip Length " 8mm
Tip Diameter 25mm
—Prol—fe—‘fip—m-S?sor"X*f:Eﬁbm!ion Point Tmm |
[ Probe Tip to Sensar Y Calibration Point T mm

Probe Tip to Sensor Z Calibration Point I mm
| Recommended Measurement Distance from Surface h 1.4mm |
Certificate No: EX3-3903_Sep16 Page 110l 11
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Calibration Laboratory of f\'@?"’a S Schweizsrischer Kefib "
Schmid & Partner % C Service sutsse détalonnage

Engineering AG e S Servizio svizzero di taratura
Zeughaussirasse 43, 5004 Zurich, Switzedand £ 4@_\“\-‘ Swiss Calibration Sarvics
Accredited by (he Swiss Accreditation Servico (SAS) Accreditation No.: SCS 0108
Tha Swiss Accreditation Service |s ane of (he signatories to the EA
Mustitateral Ag nt for the recognition of calibration certificates

Cariificata No: EX3-7370_ Aug16
——

Caibration procedura(s) MM&Q@&MW%@%M&V&;M&%;@.

Calibration date!

This calbeation certficals docurents the aceabilty to national standarss, which realze the physical urits of measurements {Si)
The maset @ang the wath confick probabilly are ghvin on the following poges and are pért of the caticate

All calty havs besn cor i the dosed laboratory tacilty: anvironment temperature {22 & 55°C and humidRy < 70%

Calratian Equipment wsed (METE crecal for calibration)

Prmary Standards [*] Ca Date [Coricate No ) Schecuied Catbation

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

Power sersor NRP-291 SN: 103244 DE-Ape-16 (No. 217.02268) Apr-17

Power sensor NRP-281 SN: 103245 U6-Ape-16 (No, 217-02263) Ape-17

Reference 20 4B Ationualoe SN: £5217 (20x) 05-Agr-16 (No. 217.02293) Apr-17

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

DAEA SN: 880 23-Doc- 18 {Na. DAE4-HE0_Dec15) Doc-18

Secondary Slandards 1D Check Deta (in house) Scnecuied Check

Power meter E44158 SN. GBA1293874 US-Apr-18 (n housa check Jur-18) In house check- Jun-18

Power sensor E44124 SN, MY41498067 06-Apr-18 (in house check Jun-16) in house check: Jun-16

Power pensor E4412A SN. 000110210 08-Apr-18 (n houss check Jun-18) In bouse check: Jun-18

RF genaratar HE 8548C SN US3B42U01700 (-9 (in howse check Jun-16) In house check, Jur-18
_Network Analyzar HP 8753E SN USET3H0585 18-Oct-01 {in house chaok Oct-15) In howss check: Oct-18

Name Function Signature

issusd: September 1, 2016

Tis calibration cecificate shaki not be reproducsd except in il withaut wiitten sooroval of the labostory

Certflicate No: EX3-7370_Auglg Page 1 0of 11
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Calibration Laboratory of L& S Schweizerischer Kalibr

Schmid & Partner i%‘é G Service suisss diétalonnage
Engineering AG z & s Servizio svizeero di taroturs
Zoughsusstrause 43, 8004 Zurich, Swizeriand ’fg’ﬂﬁ\v‘.\f Swiss Calibration Sesvice

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

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

Multilaterat Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating bquid

NORMXx,y.2 sensitivity In free space

CanvF sensitivity In TSL/ NORMx,y.2

DCP dicde compression point

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

A B C.D modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

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

lL.e., 8 =0 is normal to probe axis
Connecior Angle Information used in DASY system o align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} IEC 62209-1, "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 B85684, "SAR Measurament Requirements for 100 MHz ta 6 GHz"

Methods Applied and Interpretation of Parameters:

«  NORMY.y.z! Assessed for E-field polarization & =0 (f < 900 MHz in TEM-cell; f > 1800MHzR22wavagmde)
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).

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

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

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

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

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for 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 (aipha, depth) of which typical uncertainty values are given. Thess parameters are

used In DASY4 software to improve probe accuracy cloge to the boundary. The sensitivity in TSL corresponds
to NORMz,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MMz to £ 100
MHz.

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

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

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

Centificate No: EX$-7370_Aug16 Page 2.0l 11
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Probe EX3DV4

SN:7370

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Basic Calibration Parameters

Sensor X Sensor Y Sensor 2 Unc (k=2)
Norm (eVi(V/im)')* 0.46 0.49 0.42 $101 %
DCP (mV)* 8B.7 108.3 937
Modulation Calibration Parameters
uiD [ ication System Name A ) [ ) VR Unc® |
d8 | dBvjuV B mV (k=2)
0 [} X 00 | 00 10 | 000 | 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)

¥ Numercal linearization paramator: uncertanty nct required
¥ Uncsetanty &5 determined using $he max. deviatian from inesr response applying rectangular distribution and is expressed for the square of ihe

e vadue.

Cortficate No: EX3-7370_Aug16
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | ‘ Depth ™ Unc

F(MHz)® | Permittivity” (Sim)" ConvF X | ComFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 1330 13.30 132.30 0.00 1.00 | +133%
300 453 0.87 12.29 12.29 12.29 0.10 130 | £133%
450 435 0.87 11.07 11.07 11.07 | 0.17 160 | £133%
750 419 0.89 10.41 10.41 1041 042 0.91 +120%
835 4.5 0.90 10.00 10.00 10.00 0.43 080 | +120%
500 415 0.97 9.75 9.75 9,75 0.39 093 | +120%
1450 40.5 1.20 8,60 8.60 B.60 0.41 080 | £120%
1750 40.1 1.37 8.52 8.52 8.52 040 080 | £120%
1900 40.0 1.40 816 | 816 B16 | 037 | 080 | 2120%
1950 40.0 1.40 7.04 7.94 7.94 0.38 080 | £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 | £120%
2600 39.0 1.96 715 7.15 7.15 0.41 0.80 | $120%
5250 35.9 4.71 5.26 5.26 5.26 0,35 180 | £131%
5600 35.5 5.07 4.80 4.60 4,60 0.40 1.80 | 2131%
5750 354 5.22 4.85 4,85 4,85 0.45 180 | £131%

:vamyvﬂmnymMMﬂzol:YWMﬂtomywhvaﬁlmdh”(seer?).clscunmiﬁw\o:SOMHl ™e
uncatainty is tho RSS of the CanvF uncertmnty af calibration fraquancy and the uncenainty for 2o indicated frequency band. Frequency validity
betow 300 MMz is & 10, 25, 40, 50 and 70 MHz for ComvF assessments 82 30, 54, 128, 150 and 220 MMz respectively. Abuve 5 GHz fequency
validity can be extended (o + 110 MHz

' Al frequencias beiow 3 Giz, the validly of Ussus paramesars (c and o) can be retaxed 1o + 10% # Joud comp 1 formuts = apphed 10
messured SAR v8lues. Al frequencies above 3 GHE, the valdly of tissue paramaters (¢ and o is restricled 1o = 5% The uncertairty i the RSS of
the Comnf unoertainty for indicaled target Lssus persmotens

© AphaiDepth are determined diring caibeation. SPEAG wamants that the remaining deviation 0us 1o the boundary effect sfter compensalion is
anlmmna1'Murhmmioawo\~36nzwhdadzzihfmwcmm}acﬂxatnymmmauthmwnbahp
diameder from the boundary

Centificate No- EX3-7370_Aug16 Page 5 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz)© m&:{ co?;.:;w ConvFX | ConvFY | ConvFZ | Alpha® n(‘uﬁ)u ;2:2‘)
150 619 0.80 1243 | 1243 | 1243 | 000 100 | £133%
300 58.2 0.92 1162 | 11.62 1162 | 0.08 120 | 2133%
450 56.7 0.94 11.22 | 1122 1122 | 010 150 | #133%
750 55.5 0.98 9,96 9,96 9.96 048 | 086 | 2120%
835 55.2 0.97 9.87 9.87 9.87 038 | 094 | £120%
1750 53.4 1.49 8.24 a2e | 824 037 | 080 | £120%
1900 53.3 1.52 7.92 7.92 7.92 042 | 080 | +120%
2450 52.7 1.95 7.62 762 7.62 035 | 080 | £120%
2600 52.5 2.16 7.42 7.42 7.42 043 | 080 | 2120%

5250 489 5.36 4.6 466 4.66 050 | 180 | 2134%
5600 48.5 577 3.92 392 392 055 | 190 | #131%
5750 483 594 | 425 425 | 435 0.55 180 | +131%

Y Frequency vaiily above 300 MHz of £ 100 MHz only sppliss for DASY vé.4 and higher (see Page 2), slae it i restiicled 10 + 50 MHz. The
unicertainty |8 the RSS of the CanvF unoertainty at calibralion Fequancy and tha uncertointy for the indcatad requancy Band Froquency vabdity
Dalow 300 MHz & £ 10, 2540, 50 and 70 MHZ for ConvF assessmants at 30, 84. 128, 150 and 220 MHz respectively. Above § GHz frequency
valdity can be extendet 0 £ 11 MHz

¥ Al frequancies balow 3 GHz. the vilidity of fiaue parsmeters (x and r) can be relaxed fo = 10% 11 Iqukl compensation fornmuta is appied to
mensured SAR yalues. Al fraguancios abava 3 GHz, the validty al tissue parameters (¢ and o) = restricted (0 £ 5% The uncerainty is the RSS of
the Convi® uncenainty for indicated targat lissue paramelers.

9 h are determined during caliration, SPEAG warrants !hat tha remanng deviaiion dus 1o tha bouncary offoct afier camparsaton is
nlwaysbaﬂnanxNlnrkenuuu‘eobabwaGhzancbckmsnhmmsmsseﬂzuwmhwmnuimmm
diamater from the Soundary.
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esponse (normalized)

Frequancy I

Cenificate No: EX3-7370_Aug16

15-

13-

August 30, 2016

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

500 1000 1500 2000 2500 3000
f [MHz]

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
. . . o L
Tat Y 2 Tot X Y F 4

Ervor [dB)

. ¢ . e 1 S e S ST S5 L R e e s ‘1

- Ral [7 ¥ '
oo e Th o y

1600 MMz 200 Mz

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR;caa)
(TEM cell , o= 1900 MHz)
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el LE
not compensated compensatec
Uncartainty of Linearity Assessment: £ 0,6% (k=2)
Centificate No. EX3-7370_Aug16 Page 9of 11
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EX30V4- SN7370 August 30, 2018
Conversion Factor Assessment
f= B35 MMz, WGLS RS (H_comf) f= 1900 MHz WGLS R22 (H_convF)
i 24 T :i
z, 27
E: 3

el
2 2| 8) X1
Dt TTe—— v "

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

Deviation
. A aaoeT
-bbbgg,\,‘oao

coea*

40 -08 066 04 02 00 02 04 06 028 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

| Sensor Arrangement Triangular
“Connector Angle () o T 98.9
| Mechanical Surface Detection Mode ¥ enabled
Oplical Surface Detection Mode disabled
Probe Overall Length o 337 mm
Probe Body Diameter 10 mm
Trp Length Smm |
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 1mm
Recommended Measurement Distance from Surface . 1.4 mm
Cetilicata No: EX3-7370_Aup1é Pagas t1of 11
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FCC ID: ZNFM400F

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

Accradited by Ihe Swes Accreditaton Servica [SAS)
The Swiss Accreditation Sarvice is one of the signatories 1o the EA

HCTCO,,LTD.
Calibration Laboratory of A, Belvabiateih "
Schmid & Partner = G v sl il
Engineering AG %ﬁ ¢ Servizio svizzoro di taratura
Zoughaussirasse 43, 6004 Zurich, Switzerland ”@,\F’ S guiss Calibration Service

Accreditation No.: SCS 0108

Muttitateral Age it for the recagnition of calibration certificates
cient  HCT (Dymstec) Cartificate No: EX3-3967_Dec16
ICALIBRATION CERTIFICATE (Replacement of No: EX3-3967_Nov16
Object EX3DV4 - SN:3967
Caltraton procedurs(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6
Calibration pracedure for dosimetnc E-field probes
Caitiration cate: December 14, 2016
This cortiticate the iy 10 nationat , which reslize the ohysical units of measurements (S1)
The messurements and the uncer with cond Y a0 ghvan on the folkwieg pegas and are part of the cerfcale
Ml calibrations have bean conducted in the cosad |ab y faciity. er paralure (22 = 3)°C and humnidity « 70%
Calibvration Equipmant Laed (MATE criteal for calibration)
Primary Standards L ID | Cal Date (Certficats No ) Scheduled Calbration
Powar mesar NRP | SN 104776 | 08-Apr-18 (No. 217-02288/12283) A1
Powat sansce NRP-ZR1 SN 106244 | 06-Apr-16 {No. 217-D2286) Ape-T
Fowsr sansoe NRP-Z91 SN 103245 | 06-Apr-15 (No. 217-02289) ApraT
Retarwnce 20 08 Altenuator SN: 55277 (20x) 05-Ape-16 (Ne. 297-02293) Apr-1T
Reterence Probe ESIOV2 SN: 3013 31-0ec-15 {No. E53-3013_Dec1s) Dec-16
DAE4 SN. 662 23-Dec-15 (No. DAE4-660_Daci5) Dec-16
Secondary Standarts 10 Crwck Date (0 houss) Schaduind Check
Power meter E44188 SN GB41263874 06-Apr-16 (0 house chack Jun-16} In house check. Jun- 18
Power sensor E44124 SN: MY4 1498087 06-Apr-18 (0 houss check Jun-16) In house cheok: Jun- 18
Power sensor E44124 SN. 000110210 06-Agr-16 (11 housa check Jun-156) In house check: Jun-18
RF genedator HP B648C SN. US3642001700 DA-Aug-99 (n house check Jun-18] In house check. Jun-18
Network Analyser HP 8763E | SN LIS37390635 18-Oct-01 (In house check Oct-18) In house check: Oct- 17
Name Function Signature.,
Calibrated by: Jeton Kastrati ‘Laboentory Techrician a it (M/
. - |
Agproved by Katja Pokoult: Technial Manager ﬂ g—
Issuec Decenber 14, 2016
This catbration certsficate shall not be reproduced exceot in full withaut wiitten spproval of e labottory
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Calibration Laboratory of S, IO e
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Schmid & Partner s g Servics sulsse d'étalonnage
Engineering AG B & Servizio svizzero di taratura
Zoughausstrasse 43, 8064 Zurich. Switzerland T S swiss Cabeation Service
Accredied 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 calibratlon certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DceP diode comprassion point
CF crest factor (1/duty_cycle) of the RF signat
ABCD modulation dependent inearization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 # rotation around an axis that is in the plane normal to probe axis (at measurement centar),
e, 8 =0 is normal to probe axs
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 Sid 1528-2013. "|IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Tochniques”, June 2013

b) |EC 62208-1, "Procedure 1o measure the Spacific Absorption Rate (SAR) for hand-hald devices usad 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) far 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"

Methods Applied and Interpretation of Parameters:

o NORMz.y.z: Assessed for E-field polarization 8§ = 0 (f < 800 MHz In TEM-call, f> 1800 MHz: R22 wavaguide).
NORMzx.y,z are only intermediate values, |.e., the uncertainties of NORMx,y,z doas not affect the E*-field
uncertainty inside TSL (see below ConvF),

o  NORM(Nx.y,z = NORMx.y,z * frequency_response (see Frequancy Responsa 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 paramaeters 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 the Peak to Average Ratio that is not calibeated but determined based on the signal
characteristics

o Axp.z Bxy.z Cxyz Dxyz VRx.yz A B, C, D are numerical inearization paramelers assessed based on
the data of power sweep for specific modulation 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 fieid distributions based on power
measurements for f > 800 MHz The same selups 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 close 1o the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainly corresponds to that given for Convi. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz,

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

»  Sensor Offser The sensor offset corresponds to the affset of virtual measurement center from the probe fip
(on probe axis}, No tolerance required

« Connecfor Angle: The angle is assessed using the information gained by datermining the NORMx (no
uncertainty required),
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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 (uMAV/im)*)" 0.53 0.40 0.47 +10.1 %
DCP (mV)"® ag 3 291 100.0
Modulation Calibration Parameters
uip Communication System Name A B c D VR Une"
d8 dBvVuv d8 mV (k=2)
0 CcW X 0.0 0.0 1.0 0.00 | 1438 | +3.0 %
[ [ Y | 00 00 10 1437
Z | 00 06 | 1.0 1633 |

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%.

* Tha uncararties of Norm X Y.2 do nat affect the E”-Seld uncertainty inside TSL (see Pages 5 and 8).

* Numancal linearization parameter uncertanty not required

' Unceriartty = determined uming the max. devation from inasr response spphying réclangular datribution and s axpressad for the square of the

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc
1(MHZ)© | Permittivity” iSim)" ConvFX | ConvFY | ConvFZ | Alpha® |  (mm) (e=2) |
150 52.3 0.76 12.93 12.93 12,93 0.00 100 | £133%
300 453 0.87 12.06 12.08 12.08 0.10 120 | £133%
450 435 0.87 112 | 1112 11,12 0.15 120 | £133%
750 41.9 | 088 10.53 10.53 10,53 0.56 080 | 2120%
835 415 0.80 10.07 10.07 10,07 0.43 080 | £120%
900 415 087 9.94 9,04 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 B8.44 8.44 8.44 0.31 080 | +120%
1900 40.0 1.40 | 822 8.22 | 8,22 0.37 080 | +120%
2300 395 167 7.74 1.74 7.74 0.35 080 | £120%
2450 39.2 1.80 7.48 748 7.48 0.34 085 | £120% |
2600 39.0 1.96 7.23 7.23 7.23 0.40 088 | +120%
3500 37.9 2.91 741 | 741 741 | 048 085 | £131%
5250 359 471 549 | 549 549 0.20 180 | £131%
5600 355 507 4.78 4.78 478 0.40 1.80 | 2131%
5750 354 522 5.08 5.09 5.00 0.40 180 | *2131%

" Frequency validity above 300 MHz of = 100 MHz only spgkss for DASY v4 4 and higher {see Page 2), sise i is restricted to = 50 MHz The
urcananty s the RSS of the CanvF unceaginty al caliration fraguency and the uncertainty for the indicated frequency band. Fraguency valkity
heiorw 300 MHz is = 10, 25, 40, S0 and 70 MHz far Com# asaessmants at 30, 62, 128, 150 and 220 Mz respectively. Above 5 GHz frequency
vuuny £on be axtended 10 + 110 MHz

' A frequencies below 3 GHE, the validy of Ussue paramesers (e and o) can bo relaxed to 4 10% ¢ Scud 1 Hi iz = applied 10
maasured SAR valuss. Al fraquonces above 3 GHz, the vaidity of fssus paramelers (¢ 8nd o) 16 restncled 10 = 5%, YnoummuhRSSd
mu ComF unoartanty tor indicated target (issue parpmeters

O Nphaepth are determined during caitention. SPEAG warmants thet the remaining deviation due to the doundary effect alter compensation
ahways less than £ 1% for frequances befow 3 GH2 and below = 2% for frequencies between 34 GHz st any distance karges than hill 1 peobea 1)
dametar from tha bouncary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc
_f(MHz)® | Permittivity" {Sim)* ConvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2
150 61.9 0.80 12.24 12.24 12.24 0.00 100 | £133%
300 58.2 0.92 11.89 11,89 1188 | 005 115 | +133%
450 56.7 0.94 11.82 11,82 11.82 0.08 115 | £133%
750 56.5 0.96 9.79 979 | 979 0.35 107 | +120%
835 55.2 0.97 9.62 9.62 9.62 0.35 088 | +120%
1750 53.4 1.49 8.19 8.19 8.19 0.43 080 | +120%
1900 533 1.52 7.87 7.87 7.87 0.43 080 | +120%
2300 52.9 1.81 7.68 7.68 7.68 0.48 080 | +120% |
2450 52.7 1.95 749 748 7.49 0.38 080 | +120% |
2600 52.5 216 7.28 7.28 7.28 0.37 080 | +120%
3500 513 331 6.82 6.82 6.82 053 078 | +131%
5250 489 5.38 47 471 471 | 0.40 190 | £131%
5600 485 577 4.00 4.00 4.00 0.50 190 | £131%
5750 48.3 5.94 4.24 4.24 4.24 0.50 180 | =131%

* Fraguency vality abows 300 MHz of = 1oomcomynpwurormsv\.ummgn-(mpagez) eueummm:.somm
uncerainty is the RSS of the CoonvF uncerainty ot cabbration fr y and the L y band. Frequency validity
Delow 300 Mz s ¢ 10, 25, 40, 50 aindt 70 MHz for ConyF sssessments st 30, B4, 123, 1sowmmumpmm AbuvosGH:ﬁmncy
valckly can be sxlended 1o = 110 MHz
* At frequencies below 1 GHz, the valcity of lissus parameters (¢ sad o) can be relezed 10 = 10% 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
the CanvF uncestanty for ndultd!avgﬁmnm
' AlphalGapth ame d during SPEAG that the remaning cevialion ¢0s 10 the boundary effect atter compensation 5
dmy:hummzY%htthumabnloleHzlnomlowLﬁmmmwwvmlémﬁummlngutrunuthemm
diometer 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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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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Dynamic Range f(SARc.q)
(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment

I'= 835 MHz WGLS R9 (H_convF) f= 1500 MHz WGLS R22 (H_convF)

BAR WG W

&mmi
. .
R ensw

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

muttea )

10 -8 08 -04 D2 0O 02 Ds 06 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

[ Sensor Arrangement Triangular
Connector Angle (%) 271
Mechanical Surface Detection Mode ' " enabled

“Optical Susface Detection Mode disabled |
Probe Ovarall Length ' 337 mm
Probe Body Diameter T 10mm |
Tip Length T amm |
Tip Diameter 25mm
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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Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx v,z

DCP dlode compression point

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

AB CD modutation dependent linearization parameters

Polarization @ @ rotation around probe axis

Polarization 3 3 rotation around @n axis that is in the plane normal to probe axis (at measurement canter),

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).
NORMzx.y.z are only intermediate values, L 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

o  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 Cxry.z Dxyz VRxyz. A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

«  ConvF and Boundary Effect Parameters: Assessed In fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical fieid distributions based on power
measurements for f > 800 MHz. Tha same setups are used for assessment of the parameters applied for
beundary 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 uncertalnly 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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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
| Norm (uViVimy'}t 060 0.56 0.55 +10.1 %
DCP (mV)" a7 g a7.7 97.2
Modulation Calibration Parameters
uiD C ication System Name A B c D VR Unc™
d8 dB vV dB mV (k=2)
0 cW X 0.0 0.0 1.0 000 | 1332 | =35% |
Y 0.0 0.0 1.0 1485
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 unceaanteas of Nomm X Y.Z do not afect tha £*-Asld uncertainty ingide TSL {see Pages 5 and 6)
¥ Numencal lineadeation parmmear uncertanty not required
 Uncenarty & datormined Lsing the max. devatian from inear response soplying rectingular dstribution and is sxpressod for the square of the

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

Calibration Parameter Determined in Head Tissue Simulating Media

November 25, 2018

Relative Conductivity Depth * Unc
f(MHz)® | Permittivity" (Stm)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) =2y |
150 52.3 0.76 11.99 11.99 11.99 0.00 1.00 £133%
300 453 0.87 11.04 11.04 11.04 0.10 125 | +133%
450 435 0.87 10.36 10.36 10.36 0.15 125 | 133 %
750 419 0.89 9.686 9.66 9.66 0.44 088 | £120%
836 415 0.90 9.33 9.33 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%
1900 40.0 1.40 779 | 778 7.79 0.30 080 | 2120% |
2300 395 1.67 7.50 7.50 7.50 0.36 080 | +120%
2450 39.2 1.80 7.1 7.2 7.21 0.39 0.80 | +120%
2600 39.0 1.96 6,97 6.97 6§97 0.40 083 | £120%
5250 359 4.71 5.06 5.06 5.06 0.35 180 | 2131%
5600 355 507 462 4,62 4.62 040 180 | £131%
5750 35.4 522 476 AT8 478 040 180 | +131%

* Fraquency validity above 300 MHz of 4 100 Miz anly sppbes for DASY w4 and hgher (see Page ), else il is restrictd 10 = 50 MRz The
uncanainty i the RSS of the Canvf uncerainty st calitvation freguency and the uncertainty far the incicated frequincy band. Frequancy validity
beatow 300 MHz i = 10, 25, 40, 50 and 70 MHz tor Comn assesaments af 30, 64, 128, 150 and 220 MHz raspectively. Above 5 GHz frequency

validity can be extended o & 110 Mz,

' A1 trequancies below 3 GHz, the validity of tissue paramelers (¢ and o) can bo relaxed ta = 10% # lqud compensation formus 5 apphed to
mossured SAR valuss. Al trequencies abava 3 GHz, the validty of tissus paremetens (x a0 o) & rastncted 10 4 5%, The uncertsirty s the RSS of
e Comd™ uncertainty for incicated target lissuo parameters
% Ajpha/Depen sre determined during calbeation. SPEAG warmants (hat he remaining deviation due ta the boundery eflect aftar compansation i
shwovys 1655 than + 1% for frequancies betow 3 GHz and bakow = 7% for frequencies beteuan 3.6 GHz ot any distance larger than half the probe tip
diameder 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” (sm)* | ConvFX | ConvFY | ComvFZ | Alpha® | (mm) (k=2)
150 61.9 0,80 11.38 11.38 1138 | 000 100 | 213.3%
300 582 0.92 11.02 11.02 102 | 005 116 | +133%
450 56,7 0.94 1070 | 1070 | 1070 | 008 | 115 | 2133%
750 55.5 0.96 9.60 .60 9.60 050 | 080 | $120%
835 55.2 0.97 9.42 9.42 0.42 0.44 080 | £120%
1750 53.4 1.49 7.75 7.75 7.75 034 | 083 | £120%
1900 53.3 1.52 7.45 7.45 7.45 0.41 080 | #120%
2450 52.7 195 7.12 749 | 7.8 042 | 080 | $120%
2600 525 216 6.94 5.94 | 694 032 | 080 | +120%
5250 48.9 5.36 4.43 443 4.43 0.45 190 | #1319%
5600 485 5.77 3,93 3.93 393 0,50 190 | £131%
5750 483 5.04 418 4.19 4149 0.50 190 | £131%

:Frmmyvdwnyath:MMkdgthHzmvlyepptenlovOAsvu.lmm(uaepogez),dnnummm:som-u.m
uncartainty is the RS of the ConviF uncenainty at cal©ration fraguency and the unceeainty far !e indcated frequency band. Frequency valldity
beiow 200 MHz i £ 10, 25, 40, S0 und 70 MKz far Com assessments & 3064, 128, 150 and 220 MHz respectivaly, Above 5 Gz fequency
validity can be extanded 1o + 110 MHz.

" At frequancies below 3 Gilz, the valiity of bssus parametars (i and o) can be relaxed to = 10% f kqud formuda s appled 1o
measured SAR values. A fraquencies above 3 GHz, (he valcity of tissun paramaters (s and o) i reafricled 10 £ 5% The uncertainty = the RSS of
e Corn® uncenainty for indcated larget lissue parameters

“ AphaiOepeh are delermined during cattration, SPEAG warrants that the remmming deyiation due o the boundary eflact sflar compansation &
awﬁlmwn:\&lokmmm!ewmwgﬂ.mlmumlbmn:nvmmhmmanhmmopvnunp
diamarer from the boundary
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EX30V4- SN:3797

Frequency response (normalized)

Centificate No; EX3-3787 _Novid

November 25, 2016

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

,ll,leLﬁ—i_L_LA»k

1500 2000
f [MHz)

& Rz

Uncertainty of Fraquency Response of E-field: * 8.3% (k=2)

i
2500 000
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EX30V4- SN:3797 November 25 2016

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz,R22
"1 L'J-'L'! 'r-\’:: g oue
» k - . * °
Tt X v zZ ol X Y z
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| T 1 1 A 1 'l Ly A - lv—A—__—‘—'_lﬁL - A - i s .
-150 100 50 [ 90 ¥ 150
Ro# ]
e e » [
10l W v‘.‘.r_im!u 1250 Wihe 25 Wz
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN.3TOT November 25, 2016

Dynamic Range f(SAR}cad)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30Vé~- SN.3T87 Novernbear 25, 2016

Conversion Factor Assessment

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

BAR [WIVGFYWY

. .
-y - el el

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

Devialion

-10 <08 0% 04 D2 00 g2 04 o6 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (i=2)
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EX3DV4-. SN:3797 November 25, 2016

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

Other Probe Parameters

[ Sensor Amangement | Triangular
| Connactor Angle () i 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 amm |
Tip Diameter ' 25mm
Probe Tip to Sensor X Calibration Poent i Tmm
‘Probe Tip to Sensor Y Catibraton Point 1T mm
| "Prabe Tip o Sensor Z Calibration Point 1 mm
| Recommended Measurament Distance from Surface 1.4 mm

Cerificate No- EX3-3797_Nov16 Page 11 of 11
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Calibration Laboratory of S,
' S Schweizerischer Kalibrierdienst

Schm!d & Partner %& g Service sulsse d'étalonnage

Engineering AG Ty Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ’,@‘ S swiss Callbration Service
Accredited by the Swiss Accruditation Senvice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agr for the gnition of calibration certificates
Client  HCT (Dymstec) Certificate No: DB35V2-441_Nov16
CALIBRATION CERTIFICATE
Object D835V2 - SN:441
Callbration procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MMz

Caltration date: November 16, 2016

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

Al calibeatizns have baen conducted in the closed Ieboratory facility: emvironment temparatura 122 + 3)°C and humidity < 70%.

Calibeation Equipment used (MATE critical for calration)

Primary Standaris 1D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter NP SN: 104778 O6-Ape 16 (No, 217-02288/02289) Apr17

Powar sensor NRP-Z81 SN 103244 06-Apr-18 (Na, 217-02288) Apri7T

Power aensor NRP-Z91 SN 103245 U6Apr16 (No. 217-02289) Apr-17

Realerence 20 o8 Attenuatar SN. 5058 (20%) 05-Apr-16 (Na. 217-02282) Apr7

Type-N mesmatch combination SN 5047.2 / 08327 05-Apr-16 (No. 217-02255) Apr-17

Rofarance Probe £X30V4 SN. 7348 15-lun-16 (N, EX3-7328_Jun18) Jun-17

DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-18

Secondary Standards iD# Check Dale {in house) Schediled Check
Powar matar EPM-4424 SN: GB3748070¢ 070ct-15 (in house check Det-18) In housa check: Oc1-18
Powor sansor HP B4B1A SN: US37292783 07-0ct-15 (in house chéck Oct-18) in housa chacikc Oct-18
Powwr sansor HP B4B1A SN MY4t0s2317 07-0ct-15 {in house check Det-18) In house chack: Oct-18
AF genesator R&S SMT-06 SN 100372 15Jun-15 (in house check Oct-18) In house chack. Oct-18
Netwaork Analyzer HP 8753E | SN: US37300585 18-0ct-01 (in house chack Oct-16) n house check: Oct-17

Name Function 0
Calibrated by: Claudio Leubiar Labomatory Technician 7 :

Approved by: Kafja Pokovic Tachnical Manager , %

tasuad: Novembear 17, 2016

This calibeation centdicate shall not ba mproduced excepl in full wthout writtan approval of the labaratory
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Calibration Laboratory of ST G  Schweizerischer Kalibrisrdienst
Schmid & Partner % Sarvice suisse d'étalonnage
Engineering AG B C - sorvsto svizzsra o1 taratura
Zoughausstrasse 43, B004 Zurich, Switzertand ’v,,,fr'\\‘\g-" S Swiss Calibration Service
alay
Accrodited by the Swiss Accreditation Servioe (SAS) Accreditation No,: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cartificate No: DB35V2-441_Nov16 Page 2 ol B
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHZz = 1 MHz
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.5 0.90 mho/m
Measured Head TSL parameters (220202)"C 40926% 0.94 mhao/m + 6 %
Head TSL temperature change during test <05°C - -
SAR resuit with Head TSL
SAR averaged over 1 em’ {1 g) of Head TSL Candition
SAR measured 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalizad to 1W 9.38 Wikg 17,0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Hoad TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parametors 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+02)°C §52+6% 1.01 mha/m + 6 %
Body TSL temperature change during test <05°C e -
SAR resuit with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized o 1W 9.62 W/kag £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.37 W/kg = 16,5 % (k=2)

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

Impedance, transtarmed to feed point 5080-18jQ

Return Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.00-46Q

Return Loss -2404d8

General Antenna Parameters and Design

LEiecfrul Delay (one direction) I 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 10 the dipole arms in order 10 Improve matching when loaded according to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is siill
according 10 the Standard.

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

Additional EUT Data
Manufactured by SPEAG
Manulactured on March 09, 2001
Certificate No: DE35V2-441 Novié Pagedotd

F-TP22-03 (Rev.00) 179 /218 HCT CO., LTD



-
‘—rC'- FCC ID: ZNFM40OF Report No: HCT-A-1701-F003-1

HCTCO,,LTD.

DASYS5 Validation Report for Head TSL

Date; 16.11.2016

Test Laboratory: SPEAG, Zurich, Switzerlund

DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441

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

Medium parameters used: f= 835 MHz: 6 = 0.94 S/m; & = 40.9; p = 1000 kg/m”
Phantom section; Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72); Calibrated: 15.06,2016;
Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

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

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

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

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

Peak SAR {extrapotated) = 3.67 Wikg

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

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

-2.23

-4.47

N

0dB = 3.27 Wike

5.15 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 835 MHz; Type: D835V2; Serial: D§35V2 - SN:441

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

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

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

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 00L P49 AA; Serial: 1001

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

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

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

Peak SAR (extrapolated) = 3.61 W/kg

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

Maximum value of SAR (measured) = 3.25 Wikg

-2.12
-4.24
6.37

-8.49

-10.61

0 dB =3.25 W/kg = 5.12 dBW/kg
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Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1701-F003-1

HCTCO,LTD.
» e
Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner S Service suisse étalonnage
Engineering AG % —— c Servizio svizzero di taraturs
Zeughsussirasse 43, 8004 Zurich, Switzeriand {'4, ,//'\\‘\,.\? S swiss Calibration Service
o\
Accradied by ihe Swiss Accrediation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Cortificats No: D1800V2-2d007 Nov16

Otject D1800V2 - SN:2d007

Calibration procedurs(s) QA CAL-05.v8

Caibralion dute: November 16, 2016

Calyration Equipment used (METE cntical for calibation)

This calbration certificalo tocuments the frac v 1o nationak s, which realize tha physical units of measuremants (Si)
The measuremants and the uncertamties with confidance probability are given on the folowing pages and are part of the cedificate

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

This calibration cadicate shall not be reproduced axcept n full wthout weittan approval of the labaratory

Primary Standards [10# Cal Date (Certificats No.) Schedulod Cal

Power meter NAP SN: 104778 06-Agr-16 (No. 217-02288/12288) Apr-i7

Pawer sensor NRP-Z91 SN: 103244 06-Apr-16 (No. 217-02288) Apr-17

Power sangar NRP-291 SN: 102245 06-Apr-16 (No. 217-02269) Apr-17

Rufarance 20 48 Attaruator SN: 5058 (20K) 06-Ape-16 (No. 217-02292) Apr-17

Typa-N mismatch combination | SN: 5047.2 /06327 06-Apr-16 (No. 217-02205) Apr-AT

Retarence Probe EXI0V4 SN: 7349 18Jur-16 (No. EX3-7348_Jun18) Jun-17

DAE4 SN: 601 a0-0ec-15 (No. DAES-801_Dec15) Dec-16

Secondary Standards Lo Check Oate {in housa) Schodulad Check

Powar mater EPM-4424 | SM: GBA7A80TM 07-Oci-15 {in house chack Ocl-16) In house check: Oct-18

Power sensor HE B4B1A SN: US37262783 07-Oct-15 (in house chack Oct-16) In house check: Oct-18

Powee 58050¢ HP BABTA She MY41002217 07-Oct15 {in house check Oct-16) I house check: Oct-18

AF generalot A&S SMT-06 SN: 100872 18-Jun-18 (in house chsek Oct-18) in house check Oct-18

Network Anslyzer HP 5753E SN; US37350685 18-Oct-01 {in house check Oct-16) In house check: Oct-17
Nama Functiot S5 gt

Caliatad by. Claus Laubler * Laboratory Fechnician \

pres—— Katja Pokavic Technical Managse . 4:.

Issumtt. November 17, 2018
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N WAL .
g:rl]tbf:t;o; Laboratory of _{.\‘&///’z}_ S  Schwizerischer Kslibrierdienst
m! ; artner % c Service sulsse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughaussirasse 43, B004 Zurich, Switzeriand G S 5wiss Calibeation Service
Acaredited 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 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

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
measuremeant 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%.
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Measurement Conditions
DASY system configuraticn, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The follawing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (22.0+£0.2)*C 391+6% 1.39 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 Condltion
SAR measured 250 mW input powes 9.47 Wikg
SAR lor nominal Head TSL parameters normalized 1o 1W 37.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measgured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 19.8 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220+02)°C 536=6% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAH measured 250 mW input power 9.38 Wikg
SAR for nominal Body TSL parameters normalized ta 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 4897 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, transtormed to feed point 4720-84iQ
Retum Loss -209dB
Antenna Parameters with Body TSL
Impedance, translormed to feed point 4380-82Q
Retumn Loss -20.7d8
General Antenna Parameters and Design
l Electrical Delay (one direction) [ 1,203 ns ]

After long term use with 100W radiated power, only a slight warming of the dipole near the feadpoint 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-circulted for DC-signals. On saome of the dipoles, small end caps
ara added to the dipole arms in order 10 improve matching when loaded according to the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The oversll dipole length is still

according to the Standard,

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

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 () - 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

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

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

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

Peak SAR (extrapolatedd) = 17.5 Wikg

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

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

-3.60
-1.20
-10.80
-14.40

-18.00

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: UTD 0 - CW; Frequency: 1800 MHz

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

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

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

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

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

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

Peak SAR (extrapolated) = 16,3 Wikg

SAR(I g) =939 W/kg; SAR(10 g) =4.97 Wikg

Maximum value of SAR (measured) = 14,1 W/kg

-3.33
-6.65
-9.98

-13.30

-16.63

0dB = 14.1 W/kg = 11.49 dBW/kg

Cerfificate No: D1800V2-2d007_Nov16 Page 7ot 8

F-TP22-03 (Rev.00) 190 /218 HCT CO., LTD



N
hCT- FCC ID: ZNFM400F Report No: HCT-A-1701-F003-1

HCTCO.,,LTD.

Impedance Measurement Plot for Body TSL
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FCC ID: ZNFM400F

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

HCTCO,,LTD.
Calibration Laboratory of \\\_/'\'J /o, G Schweizerischer Kalibrierdienst
Schmid & Partner M G Service suisse détalonnage
Engineering AG Tz Servizio svizzero ¢l taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand NN S Swiss Calibration Service

Accredited by the Swiss Accradation Sarvice (BAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muitilateral Agreoment for the recognition of calibration certificates

el

Accraditstion No.: SCS 0108

ctiet  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d061
Calibeation procedureds) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Casibiration dite: April 25, 2016

The

18 and the unces

This calibration cerdificale dacumeants the raceabilty to naliona! standards, which realize the physical unils of measuremants (51)
with cenfidence probability are given on the following pages and are part of the certificate

All caltrations have bean contuctad n the closed y fachity: 22 £ 3)°C and humidily « 70%

Calibeation Equipment used (MBTE critical for casbration)

Primary Standards 10 # Cal Date (Cedificats No.) Schaduled Callbraton

Pawer meoler NP SN: 104778 06-Ape-16 (No, 217-02288/02284) Apr-17

Power sensor NRP-Z51 | SN 103244 065-Ape-16 (No, 217-02288) Apr-17

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

Aeferance 20 dB Altenustor SN 5058 {20k) 05-Apr-16 (No. 217-02292) Apr-17

Type N mismatch combination SN 5047 2/ 06327 05-Apr-16 (No. 217.02295) Ape-17

Referance Probe EX30V4 SN: 7348 G1-Dec-15 (No. EX3-7330_Dec15) Dec-18

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

Seconadary Siandards D # Check Date (in housej Scheduled Check

Powar meter EPM-242A SN: GE37460704 07-0ct-15 [No, 217.02222) In housa check: Oct-16

Power sensar HP 8481A SN: US37292783 07-0Oct-15 (No, 217.02222) In howse check: Oct-16

Pawer sansor HP 8481A EN MY41092317 07-0c1-15 (No, 21702223 In houss oheck: Oct-16

RAF genarator A4S SMT.06 SN: 100972 16-Jun-15 {in house check Jun-15) In house check: Oct-18

Network Anatyzar HP 8753E | BN UIS37390585 18-001-01 (in house chack Ocl-15) in hause check: Oct-18
Narne Function Signatiure

Cafbraled by: Michaal Waber Laboratory Technician /{‘E !

Approved by: Kaljs Pokovic

R A

This calibration cedtiticata shall not be reproduced except In full without written aporoval of the laboralory.

lesued: Apnil 26, 2016
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Calibration Laboratory of

S Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse détalonnage
Engineering AG C'_survirio svteaswo i tavaturn

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredited by the Swiss Accreditation Sanvics (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 centificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+02)°C 400+86% 1.37 mho/m + 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input powar 3.53 Wikg

SAR tor nominal Head TSL paramesters

normalized to 1W

38.6 W/kg = 17.0 % (k=2)

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

SAR measured 250 mW Input power 5.01 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 resuit 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 1o 1W 39.7 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.20 Wkg

SAR for nominal Body TSL parameters normalzed 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, transformed to feed point s250+7712
Retum Loss -221dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+B5/Q

Heturn Loss -21.0dB

General Antenna Parameters and Design

I Elactrical Dalay (one direction) I 1192 ne

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected 1o the
sacond amm of the dipole. The antenna i therefore 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
"Measurament Condifions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipale arms, because they might band 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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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: ULD 0 - CW; Frequency: 190 MHz

Medium parmeters 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;

Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated; 31.12,2015;

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

DASYS52 52.8.8(1258); SEMCAD X 14.6,10(7372)

Date: 25.04.2016

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

-7.60

-11.40

-15.20

-19.00

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

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

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

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

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

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

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

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

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

Peak SAR (extrapolated) = 17.3 W/kg

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

Maximum value of SAR (measured) = 14.9 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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Zoughausstrasss 43, 8004 Zurich, Switzerland A Lﬁ.\"\? S  swiss Caliiration Service
Accrodited by the Swiss Accreddatian Sendce (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Agreement for the recognition of calibration certificates

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

Dbjact D2450V2 - SN: 965

Caibration procedura(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calitratian date: April 19, 2016

This calibention centficate documents the traceability to national standards, which realize the physicsf units ol measurements {S1).
Tha measuraments and the uncanainties with confidence probablity are givan on tha folkawing papes and are part of the canmificite.
Al calitrations have baen condudiod in the cosed labormiory faciity: enviconment temperature {22 + 3)°C and humidity < 70%,

Caitirnbion Equipment used (METE critical for calibration)

Primary Standards IDa Cal Date (Certiticate No.) Scheduled Calration

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

Paowar sensor NRP-Z81 SN 103244 06-Apr-16 (No. 247-02288) Apra7

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

Aedsranca 20 dB Attenuator SN 5058 (20K) U5-Ape-16 (Na. 217-02202) Apri7

Type-N mismatch combination SN: 5047.2 1 06327 5-Apr-16 (No, 217-02295) Ape AT

Aeteranca Proba EX30V4 SN 7349 31-Dac-15 (No. EX3-7M8_Dec15) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE4401 Decis) Dec-16

Secengary Standards DA Check Date (in houss) Scheduled Chack

Powar meter EPM-242A SN: GB3T450704 O7-Oct15 (No. 217-02222) In house check: Oat-18

Power sensor HP 8481A SN: US37292783 07-0Oct-15 (No, 217-02222) In houss cneck: Oct18

Power sarsar HP 8481A SN MYA1082317 0700115 (Na, 217-02223) In house check: Oct- 18

AF genacator H&5 SMT-08 SN 100972 15-Jun-15 (In house chock Jun-15) In housa check: Oct- 18

Network Anatyzar HP 8753E | SA: US37380585 18-0c1-01 (n house check Oct-15) In house sheck: Oct 16
Name Function Sgnature

Caibratid by: Mchaal Wabor Latioratory Technician Il/ %_
Apgroned by: Katia Pokovic Tecnnical Manager //éf %%/

Issued: Apri 20, 2016

This calibeation centiticate ahall not be reproduced except n full without written approval of the laboratary,
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Zeughausstrasse 43, 004 Zurich, Switzertand S swiss Calibration Service

Accredited by 1he Swiss Accraditation Seevice (SAS) Accreditation No.: SCS 0108

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

Multilateral Ag t for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) 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:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mha/m
Measured Head TSL parameters {(220=02)°C 400286% 1.83 mho/m =6 %
Head TSL temperature change during test <05C e —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAHA for nominal Head TSL parameters normalized 1o TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 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 527x6% 1.98 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL 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 nomalized 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 546101+ 380

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 510045910

Return Less -24.5dB

General Antenna Parameters and Design

[ Electnical Delay (one direction) [ 1162 ns

Atter 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 theretore short-circulted for DC-signals. On some of the dipcées, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the positien 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
Cenihcate No: D2450V2-865_Aprié Page 4 of B
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Report No: HCT-A-1701-F003-1

DASYS5 Validation Report for Head TSL

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:

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

Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 100]

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

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=Smm, dz=5Smm
Refercnce 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(0(7372)

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

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

Peak SAR (extrapolated) = 24.7 Wikg

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

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

dB

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =200 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL

19 Apr 3016 10:23:27
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Calibration Laboratory of

; Schweizorischer Kallbrierdienst
Schmfd & I?artne{ g Sarvice sulsse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zaughsussirasse 43, 8004 Zurich, Switzerisnd S Swiss Calibration Service
Accrediied by he Swiss Accradgation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral 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
Nomina! Head TSL parameters 220°C 390 1.56 mho/m
Measured Head TSL parameters (220+£02)C 381 +6% 2.01 mhoim = 6 %
Head TSL temperature change during test <05%C - —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SARA measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 55,1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condiion
SAR measured 250 mW input power 8,19 Wikg
SAR for nominal Heoad TSL parameters normalized 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 mhom =6 %
Body TSL temperature change during test <05°C - .
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Contition
SAH measured 250 mW Input power 13.4 Wikg
SAR for nominal Body TSL parameters normatized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW nput power 5,94 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.7 Wikg = 16,5 % (k=2)
Certificate No: D2800V2-1106_Feb16 Page 3 ofB
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed polmt 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

| Esectrical Dalay (ane 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 s made of standard semiriged coaxial cable. The center conductar of the feeding line is diractly connected to the
sacond arm of the dipole. The antenna is therefore shont-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 s still
according to the Standard.

Nao axcessive 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
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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;
« Sensor-Surface: | Amm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Value = 113.4 Vim: 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/ke = 13.64 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.02.2016

Test Laboratory: SPEAG, Zunch, Switzerland

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

Communication System: UID 0 - CW; 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:

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)

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

Reference Value = 104.1 V/im; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(1

2) = 13.4 Wikg; SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

-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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Schmid & Partner Engineenng AG
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Zeughaussirasse 43, 8004 Zurch, Switzerland
Fhone +47 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp /iwvvaw. speag com

Certificate of conformity / First Article Inspection

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

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

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the botiom area
Material Dielectric parameters for required | 200 MHz -6 GHz - Material
parameters frequencies Relative permittivity 3- 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
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] [EEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

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

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

{2] IEC 62209 -

2005

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

Absorption Rate (SAR) for ...

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

Conformity

including accessories and multiple transmitters”, March 2010

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

Date 18.07.2015
Signature / Stamp
Wo« B rectryp
ot apsa 3. AN «y&#%ﬁn
M!h TN Fam 44 2459779
!)ﬁa.; COm, PR NVANW. smqwn
DocNo BB -QDOXOPS1C-0
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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 2450-2700
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
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Attachment 6. - SAR SYSTEM VALIDATION

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

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

Dielectric Parameters CW Validation ‘Modulatlon VaI|dat|on
P C;irg?a?ion i Date
Type Point Measured | Measured Sensitivity Probe | Probe | MOD. ﬂ ﬂ
Permittivity Conductivit Linearity|lsotropy| 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 1.5 PASS PASS | PASS |GMSK|PASS| N/A
12 |7370| EX3DV4 |Body | 1800 |2d007 | 11. 25. 2016 53.3 1.5 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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