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Mustitateral Agreemont for the recognition of calibration certificates

This caltration cerficate documents the traceabilty 10 national standards, which realze the physical units of measurements 159,
mmmnmwmmnwmmmnwmwmmdnml

All calrations have been conducted n the doand laboratory facity: sovironment termperataré (22 = 31°C and humidity < 70%.

Report No: HCT-A-1603-F014-2

Calbraton Equipment used (MATE crtical for calibration)

Primary Standards L5 Cal Date { No) S fod Cakbeation
Power meter E44198 GB41293874 Q1-Apr-15 {No. 247.02128) Mai-16

Power sansor EA4124 MY41456087 01-Apr-18 (No. 217.02128) Mar-16

Refarance 3 08 Atternsior SN: 55054 {3¢) Ot-Apt-15 (No. 297-02129) Mar-18
Redarance 20 08 Attenustor | SN; S5277 (20%) 01-Apr-18 (No. 247.021321 Mar- 16

Reference 30 0B Attenuntor | SN 55129 (305) 01.Ape15 (No. 247.02133} Mar-18

Referance Probe ES30V2 SN 3013 40-Dec-14 {No. ES1.3013_Decid) Dec-15

DAE4 SN 680 14-Jan-15 {No. DAE4-660_lan15) Jan-16

Secondesy Stancards 12} Check Date (in house) Scheduled Check

R gerecator HP 86480 USIB42001700 A-Aug-29 (in house chock Apr-13) In nouss chack: Apr-15
Network Analyzer HP 8753E | US3733058% 18.0ct.01 {in house check Oet-14) In houss check: Oct-15
Cafiorated oy
Appeoved by

excapt i full without wiisten appeoval of the laboratory
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HCT CO,LTD
Calibration Laboratory of S Schweizerischer Kaibrierdianst
Schmid & Partner G Service suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zeughaussirasse 43, 8004 Zurich, Switzeriand S Swiss Calibration Service

Accredited by the Swiss Accraddaton Servico {SAS) Actreditation No.: SCS 0108

The Swiss Accreditation Service i one of the signatories 1o the EA

Muititateral Agreoment for the recognition of caiibration cortificates

Glossary:

TSL tissue simulating liquid

NORMx,y.2 sensitivity in fres space

ConvF sensitivity in TSL / NORMx.y.z

DCP dioda compression point

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

ABCD modulation depandent finearization parameters

Polarization » ¢ rotation around probe axis

Polarization 3 # rotation arcund an axis that is in the plane normal to probe axis (st measurement center),
ig., & = 0 is normal o probe axs

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

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

Methods Applied and Interpretation of Parameters:
s  NORMx.y,z Assessed for E-field polanization 8 = O {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMxy,z are anly intermediate values, i.e., the uncentainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

«  NORM{N)xy.z = NORMY.v,2 * frequency. response (see Frequency Response Chart), This Enearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi,

o DCPx.y.z: OCP are numerical linearization parameters assessed based on ihe data of power sweep with cw
signal {no uncertainty required). DCP does not depend on frequency nor media,

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

o Axy.z Bxy.z Cxyz Dry.z VRxy.z A B, C. D are numerical linearization parameters assessed based on
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode,

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

o Sphencal Isotropy {3D deviation from isotropy): in a feld of fow gradients realized using s flat phantom
exposed by a patch antenna.

s Sensor Offssl The sensor offset correspands to the offset of virual measuremeant center from the probe tip
{on probe axis), No tolerance required.

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

ETIOVE~ SN 1605 Apal 27, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm (uV/A(Vim)*)" 1.49 191 1.61 2101 %
OCP (mV)" 100.4 99.7 | 100.3
Modulation Calibration Parameters
[0iD Communication System Name 8 | C 0 | VR | Unc
dB dByv - d8 mv ‘ (k=2}
0 ow X1 00 0.0 1.0 000 | 1898 | 230%
| Y1 00 0.0 16 || 184z |
| 2] 09 0.0 10 | IELEA

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

A The uncanainties of NormX,Y .2 do not attect the E*-field urcartainty inside TSL (soe Pages 5 and )
"N | Sevpars uncertainty nol requined,

¥ Uncertainty s determingd using the max, devialion fram fineas resparre Applying rectanguter st and & expressed for the scuate of e
Badd value
Certificate No: ET3-1605_Apr15 Page 4 of 11
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ETIDVH~ SN:1605 April 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth ™~ Unct.

F{MHz)® | Permittivity” (Sim)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 664 6,64 .84 0.26 3.00 +120%
835 41.5 0.90 6.33 6.33 £.33 0.28 300 | £120%
900 415 0.97 6.14 6.14 .14 0.31 300 | +120%
1450 40.5 1.20 537 5.37 537 0.45 2564 £120%
1750 401 1.37 5.20 5.20 5.20 0.73 2.15 +120%
1900 40.0 1.40 5.01 5.01 5.01 0.80 212 £120 %
1950 40.0 1.40 4.94 4.94 4.94 0.80 2.05 £120%
2300 395 1.87 a7 477 4.77 0.80 1.88 £12.0%
2450 39.2 1.80 457 4.57 457 0.85 1.75 £12.0%

‘F-mvmmmmxdnoowzoﬂywosmmskummmcpma else 1 in rostricted to £ 50 Mz, The
uncartainty is the RSS of the Conv™ uncardasrty al calibration fro y and tha y %or the indcated frequency band. Frequency valoty
bedow 300 Nz s = 10, 25, 49, 50 ard 70 MHZ for Convé® assessmonts 31 30, 84, 128, 150m220mrm Above 5 GHz frequency
nhdhyconummmtoxﬂomu

¥ A frequencies below 3 GHZ, the validity of tissue parameters (& ang o) can be rolaxed o + 10% # figquid

P formwus & apphed o
meastred SAR values. Al froquencies above 3 Gz, the valdity of {isson parameters (e 900 o) 6 restncted 10 = 6%, The uncertarty & the RSS of
wwWhmmxmm

are determined during caibeation. SPEAG warrants that the rémaining deviation due to the boundary effect after compensation is
ahweays Jess than £ 15 foe Ireguencies helow 3 GHz and helow & 2% for frequencies between 34 GHz at any distance targer than hall tha peobs tip
dameger from tha boundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.
f{MHz) | Permittivity” (8rm)" ConvF X | ConvFY | ComvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 8.21 0.30 2.7 +12.0%
835 852 097 811 611 | 611 0.30 3.00 | £120%
1750 534 1.49 4.66 466 4,66 0.80 262 | £120%
1900 53.3 152 454 | 454 | 454 | os0 | 232 | sv20% |
2450 52.7 1.95 4.18 4.18 4,18 0.79 180 | £120%

< Frequency vaioity above 300 MHz of & 100 MHZ coly applies for DASY v4.4 and higher (see Page 2), aise € s resincted to & 50 Mz The
uncertainty 15 the RS3 of the Convi® uncertainty at calibration: frequency and the uncestainty for the indicatad frequenty band, Frequendy vaitity
below 300 MHz is ¢ 10. 25, 40, 50 andt 70 MMz for ConvF assessments at 30, 64, 125, 150 and 220 MKz respociively. Abowve 5 GHz regueacy
validity can be axtanced 10 = 110 MHz

¥ A1 fraquancies beiow 3 Gz, the validity of $33ue paramaters (£ and ) can be relexed 16 2 102 If liquid comp formuls is 3p 1
measured SAR values. At frequencies above 3 GHz, the validiy of ssus parameters (1 and o) is reatricled to 5% Tha uncenainty is the RSS of
thee G uncertninty for indicated targst tissus parsmetars.

* Alpha/Degth are doleeminad during caltrasion, SPEAG warrants that the remaning destalion due 10 ths boungary effect after compersstion &
adweys 055 than + 1% fr Fequencies bakow 3 GHz and batow £ 2% for freguencies betwesn 3-6 GHz st any datance larger than half the probe b
damater from she bourdary

Certlicate No: E13-1605_Apr15 Page 6 of 11

F-TP22-03 (Rev.00) 116 /197 HCT CO., LTD



aCT

HCTCO,LTD
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Report No: HCT-A-1603-F014-2

ET30VE- SN.1605

Frequency response (normalized)
>
|

Apnil 27, 2015

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

Certificate No: ET3-1805_Apr15

500 1C

Page7oi 11

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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ET30VE- SN.1605

Tot

Ervor {dB)

Apat 27, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM
x v

f=1800 MHz R22

S
[
L
°

™

[ "'.WJ g ’.'T!. ,-‘,_T)%~:

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

Certificate No: ET3-1605_Apr15
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Certificate No: ET3-1805_Apri5

Apnl 27, 2016
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
f= B35 MHz WGLS R® (H_convF) 1= 1500 MMz WGLS R22 (H_convF)
13- » 1
39 » 1
£ R
P
3 | .
000 0 x N ;1 - ° ~ 0“ 1 0w a 2] 2 kS o il ) : ;
2 i) &lvr
RS I ik =
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
<10 08 05 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
Certicate No: ET3-1605_Apri5 Page 10 of 11

F-TP22-03 (Rev.00) 120 /197 HCT CO., LTD



=
HCT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2
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ET30VE-~ SN 1805 Apnil 27, 2015

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

Other Probe Parameters
Sensor Arrangemant l Tnangular
Connector Angle (") I 587
“Mechanical Surface Detection Mode T enabled
| Optical Surface Detaction Made == disabled
Probe Cverall Length 337 mm
“Probe Body Diameter omm |
[ Tip Length ; 0mm |
Tip Drameser 8.8 mm
Brobe Tip 1o Sensar X Calibration Point ‘ 57 mm |
Probe Tip to Sensor Y Calibration Point . 2.7 mm
"Probe Tip 1o Sensor Z Calibration Point " 27mm |
Recommended Measurement Distance from Surface l 4mm |
Certificate No: ET3-1605_ApriS Page 11 of 11
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HCT CO,LTD
Calibration Laboratory of S8 g Seh Kaiibeiard
Schmid & Partner %‘é G Service suisse dutaionnage
Zoughsusstrasse 43, 8004 Zurich, Switzerland LA Swiss Calitration Secvice
Accredited by the Swiss Accresitaton Saryice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttitateral Agreamant for the recognition of callbration cartificates
cien  HCT (Dymstac) Certificata No: EX3-3903_Sep15
ot EX3DV4 - SN:3903
Caibration procecureis) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6
Caliration dale September 28, 2015
Then calibeotion cartficate documants the traceabilty 1o naboaal stancaiss. wiveh (6a32e the physical units of 1S1)

The measurements and the uncertanties with confidence probabaty arn given on the Saliowing pages and are part of the cetificate
AS cafibeations hove been conductod in tho dosed taboratody facilty: anvicament temperature (22 £ 3)°C and humidry < 70%

Cafibration Equpment used (MATE critical for calibraton)

Primary Standards D Cal Date (Conficats No ) Schuduled Cailb
Puwer metol E44198 G841 201874 01-Apr-15 (No. 217-02128) Mar.10

Power sensor H44124 MY4 1468087 | 01-Ape15 (Ne 217-02128) Mar-16

Rek 3 4B Atlerustor SN 55054 (lc) 01-Apr-15 (No. 217-02129) Mar-16
Redorence 20 dB Attenyator | SN: S5277 (200) 01-Ape-15 (N0, 217-02132) Mar 16

Rel 30 dB A SN 55126 (30n) O1-Ape-15 (No. 217-02133) Mar 16

Refererce Probe ESI0OV2 SN: 2013 30-Dec-14 (No. E53-3013_Decid) Doc-15

DAEA SN: 880 14-Ja0-15 (No. DAEL650_Jan'5) Jon-18

s y 5ta ) Check Date (in houas) Schodued Check

RF ge 1P BE4BC USIS4U01700 4-Aug-99 (n house check Agr.13) 101 houss check: Ap-16
Metwork Analyzer HP B753E | US37300585 18-0ct-01 (i nowse chack Oct-14) I houss check: Oct-15

Narne FMQH &=
by o " O

o i
Apgroved by Kage Pokovic Rochuon RN ‘% 4_

teiod Soptember 30, 2015

This cafitwation candicate shall not be reprocuced except in il without wiitton approval of the labontory.
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ca"bm‘on leoratOl’y of _&’r@'ﬂ-’. s s, aerischer Kalibriocdi

Schmid & Partner " G Service suluse detsioanage
Engineering AG 7 S g  Servisio svizzero di taratura

Zeughausstrasso 43, 8004 Zurich, Switzerland %,_,‘m\,. & Swiss Calibration Service

Accrodited by the Swia Accreditaton Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Sarvice |s one of the signatories to the EA

Muititatoral Agreemunt for the recognition of calitiration certificates

Glossary:

TSL tissue simulating liquid

NORMXx,y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP diode compression point

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

ABCD modulation dependent fineanzafion parameters

Polarization ¢ 1 rotation around probe axis

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

Le., & =0 s normai to probe axis
Connector Angle information used in DASY system to align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 82209-2, "Procedure 1o determine the Specific Absorpion Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHZ to 6 GHz)", March 2010

d) KDB 885664, "SAR Measuroment Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

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

o NORM(fx.y.z = NORMYX,y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

s 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
charactesistics

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

« ConvF and Boundary Effect Paramelers: Assessed in flat phantom using E-fieid (or Temperature Transfer
Standard for { < 800 MHz2) and Inside waveguide using analytical field distributions based on power
measuramants for f > BOO MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainly values are given. These parametess are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency depandent
ConvF 5 used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to 2 100
MHZ

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

« Sensor Offset: The sensor offsat corresponds to the offset of wvirtual 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 roquired).
Certificate No: EX3-3903_Sep15 Page 20l 11
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Report No: HCT-A-1603-F014-2

EX3DVA4- SN:3903

Saptamber 28, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Noem (uVAVIm)*Y" 0.41 0.36 0.56 + 101 %
DCP (mV)" 103.7 108.6 99,4
Modulation Calibration Parameters )
“uin | Communication System Name A B | C D VR | Unc
‘ a8 dBvpuv | d8 mvV (k=2)
o |cw X1 00 | 00 | 10 | 000 | 1452 | 227%
I Yy | o0 00 | 10 1344
| Z 00 | 00 1,0 1436

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

A This uncertainties of Norm X.¥ 2 do not alfect the E7-fleld uncentainty ingide TSL (see Pages 5 and 8)

" Numexical bnearization parsmese: uncenainty not reguared

¥ Uncertninty iz desormined using the max, deviation from linear respanse spphy\ng rectanguiar Sswiution and i exproseed for the square of the

flold vislue

Cortificate No: EX3-3803_Saep15
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EX30VA- SN 3903 September 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f {MHz) © Pt::u‘::“m' c«(-g:iw ComvF X | ConvF Y | ConvFZ | Alpha® m" quk:zc)
835 415 0.90 9.84 984 9.84 0.20 1.58 £120%
900 415 0.97 9.68 9.68 9.68 022 1.40 £120%
1450 405 1.20 8.25 8.25 8.25 0.17 1.55 +120%
1760 40.1 1.37 8.29 8.29 8.29 0.37 080 | £120%
1800 40.0 1.40 8.03 8.03 8.03 0.37 080 | £120%
1850 40.0 1.40 7.84 784 7.84 0.33 088 | 2120%
2300 395 1.67 7.69 7.69 7.69 0.35 083 | £120%
2450 382 1,80 7.35 7.35 7.35 042 080 | £120%
2600 38.0 1.96 7.08 7.09 7.09 0.26 113 | £120%
5200 36.0 4 66 5.28 5.28 5.28 0.40 180 | #£131%
5300 359 478 5.08 5.08 5.08 0.40 1.80 £131%
5500 3586 496 491 491 4.9 0.40 1.80 £131%
5600 355 5.07 4.70 4.70 4.70 0.45 180 | 2131%
5800 353 527 4,60 4.60 4.60 0.45 180 | +13.1%

'~anqvumymnoow-uou1mumwymhrmsvucmm(unpmn.mumnmww:wm The
unceraety i the RSS of the ConvF uncortainty at caliaration frequency and the uncertainty for the indcated frequuncy band Frequency vabidity
beiow 300 MHz is + 10, 25, 40, 50 and 70 MHz for Comn® sssessments at 30, 64, 128, 150 and 220 MHZ respectively. Above 5 GHz trequency
vakidity can bo extended 10 £ 110 MHL

‘Nmmwwsm:.lf-vmdummmm(moma)mumngw’blw D f il is applied Yo
mesured SAR valuos. Al froquencis sbove 3 GHz, the valdity of lissus parametens (s and o) & restncted to + 5%. The uncentanty & e RSS of
the Convf uncedanty for indicatod target tissue parmmoters.
“ NphaDepth we d duning calb 1. SPEAG wanantn that the remaiming doviation due 10 Ihe boundary effuct alior compensation i
mmh:’a;mzmuxmm:mmw:nmmmumuwmummwmmw
diameaar he
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‘—"C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LLTD

EXIDV4- SN:3903 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © r.%’ co?g:ncr’” ConvF X | ConvFY | ConvFZ | Alpha® | mﬂ (l::;p
835 55.2 097 10.05 10.05 10.05 023 129 | +£120%
1750 534 1.49 7.94 7.94 7.94 0.39 0.85 £120%
1900 53.3 1.52 7.72 7.72 7.72 0.34 0.87 £120%
2300 52.9 1.81 7.57 757 757 042 080 +120%
2450 527 1.95 7.38 7.38 7.38 0.31 095 | +120%
2600 52.5 2.16 7.22 7.22 7.22 0.22 095 | £120%
5200 49.0 5.30 457 4,57 457 0.50 1.90 £13.1 %
5300 48.9 542 4.42 4.42 4.42 0.50 100 | +£13.1%
5500 488 565 388 3.88 3.88 0.60 180 | £131% |
5600 485 5.77 3.74 3.74 3.74 0.60 150 | £131%
5800 482 6.00 405 4.05 4.06 0.60 1.90 £13.1%

‘~r:mmmtym)oomudz\oomqomwmfumsvwummwlmpagoz).mu-mw'wmTru
wncentainty is the RSS of the Coo® wncartmnty at calibration freg y and the y for the indicaled y band. Freguency valdiy
bm«soom:umzs.qo_sommmmmwrmnao.u.m.m-rdezmuam.Amsmummy
waicity can be oxtended to £ 110 MHz
'Mkmwzﬁmlhovﬂdyd!mp-m-(xrdn)mhlmto:|o%dlund- pansation i da m sppled 10
mmmasmmmnmmmawmvwwum-wuzwa)mmnzsxmmmynmkssu
he ConvF uncestainty for indicated target tsus porsmederns.
"AwnnmmmmmWcmmmmmmmmmnwmmmmc

mmmzmnmw«mmmwmgmmmwzommwdmmuwmuwmw
dameter from the boundary,
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FCC ID: ZNFK500F
HCT COLLTD

Report No: HCT-A-1603-F014-2

EXADV4- SN-3903

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

cy response (normalzed)
™

Frequen
o
=]

j LS S NS U U - . 1

1000 1500
f (MHz)

e R

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

0 500 2500
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HCTCO,LTD

EXIDV4- SN.3203

Seplomber 28, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
g 5 *-3 z:;'."::’;:L:\'zto-!?_,":’;'s‘-i—ci;.

Ret [ ks

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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F-TP22-03 (Rev.00) 129 /197 HCT CO., LTD



aCT

HCTCO,LTD

FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

EXADV4- SN3S03

Input Signal [uV)

107+

Error [d8)

Centificate No: EX3-3803_Sep15

Dynamic Range f(SARead)

(TEM cell , fovu= 1900 MHz)

-
o
.
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r
s
A
.
v
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7
.
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»
.
.
”
.
10 10 10 10
SAR [mW/em3)
e | ]
not compensated compensates
e T, G LR e

10 108
SAR [mW/em3|

.| LA
not compenaatec compensatod

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

EX30V4- SN-2903 September 28, 2015

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convF) f = 1900 MHZWGLS R22 (H_convF)
s w
20 '\ | ..'.
é 3 % -
g 0 ; ."
'
T
° . ]
) x x . B - v ’ z » o - .
&y LA
. 2] 21 LN
D rewese . v

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

.10 -08 08 04 02 00 02 04 06 O8 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD

EXA0Va- SN:3003 September 28, 2015

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

Other Probe Parameters
Sensor Arrangemant i Trangular
| Conneclor Angle () T 332
Mechanical Surface Datection Mode - 7 enatled
| Optical Surface Detection Mode - disabled |
| Probe Overall Length o o 1 337mm|
P;o—m_ﬁtﬁlﬁléf 10 mm
Tip Length a ] amm
Tip Daameter 25mm |
Probe Tip to Sensor X Calibration Point - | Tmm |
Probe Tip to Sensor Y Calibraton Point “Amm |
Probe Tip o Sensor Z Calibration Point Tmm |
Recommended Measurement Distance from Surface 1.4 mm |
Cerdicate No: EX3-3803_Sep15 Page 11 of 11
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FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

Actratited by the Swass Accraditabon Service |SAS)
Tha Swins Accreditation Service is onu of the signatories to the EA
Multilateral Agreemont for the recognition of callbration certificates

Calityration dule

Thva caltration cenficate documents e raceabiity 10 nabonal standarcs. which realize (he physcal units of messutements (ST
Tho maasuromants aod the uncartainties with confidence probabitty are gwven an ihe followng pages and o part of the certificate

Coibration Egupment uned (MATE critical for callxation)

Accroditation No.: SCS 0108

HCTCO,LTD
Calibration Laboratory of !
Schmid & Partner & e
Engineering AG 3 Servizio avizzero di taraturn
Zeughausstranse 43, 8004 Zurich, Switzerland i‘:@*" N S swiss Catibration Service

A cabeations hive bean canducsed in thi clonmd MOGEICry Inclity. sovwrnemsct Inmperitues (22 = 370 and humdity = 70%.

This calitiation cartihcae shal not be eooduced exoept in full witheut weitten approval of the laboratory,

Primary Standards 1D Cal Dotet (Certificate No ) Schedulsd Caltyration

Power meter E44168 GB41253874 D01-Apr-15 (No. 217-02128) Mae-18

Power sensor EA112A MY 414380867 01-Ape-15 {No. 217-02%20) Mar-18

Rafereros 3 dB Aflenueh SN S5054 {3c) 01-Apr-15 (No. 217-02129} Maz-185

Refererca 20 oB Anenuator BN 85277 {20x) 01-Ape-15 {No. 217-02132) Mar-18

Reft 30 uB Amenuator SN: 55129 (30b) O1-Apr-15 (No. 217-02133) Mar-18

Refereron Probe ESIOV2 SN: 3013 30-Dec-14 (Na. ESI-3013_ Decid4) Dec-15

DAE4 SN 080 14-Jen-15 (No. DAEA-E50_Jan15) Jan-16

Secondary Stndads iD Check Date (In houss’ Scheduled Check

RF ge HP §E480C USIS42001700 4-Aup-99 (n house check Apr-13) In house check: Agr-18

Network Analyzer HP B753E US37380585 18-0ct-01 [in Boune chwck Oc-15) In house check: Oct-16
Functon

Calbrated by : .

Apgroved by.

Caertificate No: EX3-3797_Nov15
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‘—'.'C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCT CO.LTD

Calibration Laboratory of A, Sch oh e

Schmid & Partner —— < mmtm
Engineering AG 7 & ¢ Servizio avizzero ¢ taratura

Zuughausstrasse 43, 8004 Zurich, Switzerland Q"’@} ¥ 8 ies Calbiation Sarvice

Accroditod by e Swiss Accreditation Setvice (SAS) Accroditation No.: SCS 0108

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

Multilatersl Agreement for the recognition of callbration cortificates

Glossary:

TSL tissue simukating liquid

NORMx.y,z sengitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

pcp diode compression point

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

AB.C.D moduiation dependent linearization parameters

Polarzation ¢ p rotation around probe axis

Polarization % & rotation around an axis that is in the plane normal to probe sxis (a1 measurement center),

Le., 8 =0 s nommal 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:

)]

b)
¢
dj

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

IEC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in closa proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

KDB 885664, "SAR Measurement Requirements for 100 MHz lo 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMy.y,x: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-ce¥; f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intarmediate values, Le., the uncertainties of NORMx,y,z does not affect the E”.field
uncertainty inside TSL (see below ConvF).

NORM(x.y.z = NORMX.y.z * frequency_response (see Frequency Response Chart). This linearization is
Impiemented in DASY4 softwara versions later than 4 2. The uncerainty of the frequency response is included
In the stated uncertainty of ConvE,

DCPx,y.z: DCP are numerical linearizabon paramelers assessed based on the data of power sweep with CW
signal (no uncertanty required). DCP does not depand on fraquency nor media,

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

Axy. 2 Bryz Cry.z, Oxy.z, VR.y.2 A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessad in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz2) and Inside waveguide using analylical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software 1o improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
0 NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from = 50 MHz to + 100
MHz,

Sphencal isotropy {30 dewation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset corresponds 1o the offset of virtual measurement canter from the probe tip
(on probe axis). No lolerance required

Connecfor Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncerainty required),
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=CT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD
EX30V4 - 8N3797 November 24, 2015
Manufactured:  April 5, 2011
Calibrated: November 24, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASYZ system!)
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HCT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD

EX30DV4- SN.3T07 November 24, 2015

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

Basic Calibration Parameters
|

3«\‘._91 X Sensor Y | Sensor Z Unc (k=2)
| Norm (uVi(Vim)')" 0.62 0.58 | 0.56 +£101%
| DCP (mV)" 949.5 97.0 | 964
Modulation Calibration Parameters

uio | Communication System Name A 8 c ) VR Une
@ _|dBvv| | d8 | mv | (=2)
0 | cw X | 00 0.0 10 | 000 | 1775 | 25%
Y 0.0 0.0 1.0 1768
Zz 0.0 00 1.0 1718

The reroned uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 10 a coverage
probability of approximately 95%.

* The uncertaintios of Nom X.Y.Z do not afect the £-field uncertainty inide TSL (see Pagea 5 and 6)
* Numonca lineavization parametar: unceranty not requesd.

' Uncestanty & delermined using fie max from Snear respor NG rectangutar dstribution and & expressad for he sguare of the
held vaiuo
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‘—.-C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LLTD

EX3DV4- SN:3797 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © p.m"g' c«('::mw;"v“ ConvF X | ConvFY | ConvFZ | Alpha” o(:'.‘;mm)“ mu:;!
750 41.9 0.89 9.38 9.38 9.38 0.32 096 | +120%
835 a15 0.80 8.98 898 8.98 0.16 178 | £120%
900 41.5 0.97 8.86 8.88 8.86 0.21 153 | +120%
1450 405 1.20 7.73 7.73 7.73 0.15 177 | £120%
1750 40.1 1.37 7.85 7.85 7.85 0.35 080 | £120%
1900 40.0 1.40 7.61 7.81 7.61 0.34 080 | £120%
1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | £120%
2300 395 1.67 7.27 1.27 7.27 039 | 085 | £120%
2450 392 1.80 590 6.90 6.90 040 | 080 | +120%
2600 39.0 1.96 6.68 6.68 668 046 080 | £120%
3500 ire 291 6.61 6.61 6.61 039 | 099 | £131%
5200 36.0 466 480 4.80 4,80 0.40 180 | £131%
5300 359 4.76 459 459 4.59 0.40 180 | £131%
5500 356 4.96 452 452 452 045 180 | £131%
5600 355 5.07 4.21 4.21 a2 0.50 180 | *£131%
5800 353 5.27 4.20 4,20 4.20 0.50 180 | £131%

 Fraquency valdey atiove 300 MHz of & 100 MH2 ety applies for DASY vd 4 and higher (ses Page 2), sise it s resticted 10 = 50 MMz, The
uncertainty is the RSS of the Com® uncertamty at calibration frequency and the unceranty foc the indicatod Fequency band, Fraquency valaty
bolow 300 MMz s 4 10, 26 40, 50 and 70 MHz for CanvF asseswmants ot 30, 84, 128 150 and 220 MHz mspectvely Above § GHz frequency
anww:nom

" Al lesquencies telow 3 GHz. the valldity of tnave paramaters (x and o) can be retaxed 1o 3 10% ¥ g comgx fo phed %
measured SAR voluss Al froquancies above 3 GHz, the valiaty of lssoe paramaters (£ and o) & restrcted 10 & 5% Yr-ux:m-nnssu
MWMWMWWNMW

e oing calts [t the & due 10 the boundary #ffect afler cCompansation s
alwarys less than & mbmm3ommawunfammduumum"mvm.uwwmumw
diamder from the bourdary
Certficate No. EX3-3797_Nov15 Page 5of 11
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‘—'.'C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LLTD

EX30V4- SN:3797 Novernbor 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz)© m- CW ConvF X | ConvFY | ConvFZ | Alpha® m‘; <‘é’-§,
750 55.5 0.96 9.39 9.39 9.39 0.29 116 | 2120%
835 55.2 0.97 9.17 917 8.17 0.32 1.0 | £120%
1750 53.4 148 7.52 7.52 7.52 042 | 080 | £120%
1900 53.3 1.52 7.32 7.32 7.32 0.31 097 | £120%
2450 52.7 1.95 6.91 6.91 6.91 034 | 085 | 2120%
2600 52.5 218 675 | 675 6.75 016 | 089 | +120%
5200 49.0 5,30 4.24 424 4.24 0.50 190 | 2131%
5300 489 5.42 4.07 4.07 407 0.50 190 | £131%
5500 48.6 5,65 3.80 3.80 3.80 0.55 190 | +131%
5800 48.5 577 3.54 3.54 3.54 0.60 190 | +13.1%
5800 482 6.00 3.84 3.84 384 0.60 190 | +131%

‘nwymnymmaoowux\mmmmhmvuamm.mm,natummmmmozwu«qm
unoerakity is the RSS of the ConvF uncertainty at caltiration frequency and the u fox the y band. Freguency validity
befow 300 Mz n ¢ 10, 25, 40, 50 and 70 MMz for Convf ssseasments st 30, 64 128 150“220me Above 5 GHr froguency
valifity can be exdunded 10 2 110 MHz

" At froquoncies balow 3 Gz, the valdty of fissoe parameten (¢ and @) Gan be retared 1o 4 10% f hgud formude o
messured SAR values. Al Sequences above 3 GHz. the valdity of Sssue parametors (v and o) s 1es¥icted to £ 5% The uncertainty is the RSS of

Y Alpha/Dopth are durng SPEAG that the remainng devaton due to e dary efinct after comp it
mmm-mmueqmwmsaummznutwmumuwmwwmwmmm
dametar from the boundary
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=CT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCT CO,LTD
EX3DVa- SN:3797 November 24, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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=CT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD

EX30V4- SN:ATYY November 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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‘.‘_.’—-r: : L —.-'J ,u,-—-',!)v_ j»'T.ﬂ..
Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
Conlificate No. EX3-3797_Nov15 Page B of 11
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HCTCO,LTD

FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

EXJDV4- SNIATST

Input Sgnal [uV]

Dynamic Range f(SARaq)
(TEM cell , fova= 1900 MHz)

November 24, 2015
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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‘—'.'C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD
EX3DVa- SN3787 November 24, 2015
Conversion Factor Assessment
=835 MH2 WGLS RS (H_conv) f = 1900 MHz WGLS R22 (H_comvF)
$ 1] i !!
28 . .\ n :
\ |
" 2=
é‘ 1 i |
i i
“‘u w x ‘:.q - ~ - D‘; ; z » c ” ||§m x = ‘ n' = -
it = =R e
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
<10 08 08 VD4 02 00 02 04 08 08 10
Uncaertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD

EX30DVA4~ SN3797 Novemnber 24, 2015

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

Other Probe Parameters
i Sensor Arrangement | Triangular |
i' Connector Angle (*) T eS|
| Mechanical Surface Detection Mode enabled |
| Optical Surface Detection Mode | disabled
Probe Overall Length 337 mm ‘
| Probe Body Diameter 10 mm |
| Tip Length 9 mm
| Tip Diameter 2.5 mm |
| Probe Tip 1o Sensor X Calibration Point 1 mm
Probe Tip 1o Sensor Y Calibration Point 1 mm
Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
Cartificats No: EX3-3797_Novis Page 110l 11
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FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

Accredéed by the Swiss Accredtation Service (SAS)
The Swiss Accreditation Service ks one of the signatories 1o the EA
Multilatoral Agreement for the recognition of calibration certificates

Cadibration date:

This calbration oemfs

the Mty 1o nations! stancacds. which realze the physs
The messurements and the uncertarbes with confidence probebidity are given on the followng pages ard are part of the centificate.

Caibration Equgment used (MSTE aritical for catbiration))

HCTCO,LTD
Calibration Laboratory of X o Stiwetkariacher KaNbrisrdienet
Schmid & Partner S= (7 g Service suisse d'étalonnage
Engineering AG —= g Servinio svizzaro o taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand ’ﬂ%ﬁ:“ NNyl Swiss Calibeation Service

Accreditation No.: SCS 0108

3 units of s1).

All cibrations have been conductad! it e closed Rbaratory tacilty. emwonment lemaarature (27 = 3)°C and humidity < 70%

This calration certificate shail not be reproduced excapl In fub wihout wiittan approvil of the laborstory.

Prinary Standurds 10 Caf Dute (Certificate No ) Scnecufed Calbeuton

Power metsr 44198 GBA1293874 01-Ape-15 (No. 217-02128) Mar-16

Power semsor E44124 MY4 3498067 01-Apr-15 (No. 217-02128) Mar-16

Ralerenos 3 dB Allenuator SN; 55054 (3c) 01-Ape-18 (No. 217-02129) Mar-18

Ruferance 20 dB Anenuator SN. 55277 (20x) 01-Apr-15 (No. 217.02132) Mar-16

Referpncs 30 4B Anunualor SN: 55129 {30) O1-Apr-15 (No. 217-02133) Mar 16

Rufersocn Probe E530V2 SN: 3073 30.Doc-14 (No. £63.3013_Dec1d) Dec-15

DAEA SN 600 34-Jan-15 (No. DAE4-680_an15) Jan.16

Secoedary Stndas 0 Check Date (in house) Schedubed Check

RF M 86480 USIBA2U01700 4. Aug 99 (in howse check Apr13) In house check: Apr-198

Network Anatyzer HP 8753 | US37300585 18.0ct-01 {in hauso check Oct-15) In houss check: Oat 16
Name Functian

Cakbrated by

Apptoved by,

Issuec Decemnber 16, 2015

Certificale No, EX3-3967_Dec15
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‘—'.'C'- FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCT CO,LTD
Calibration Laboratory of KX Schwalasisiher Katibrierdh
. S Kalibr
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Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitraty in free space
ConvF sensitivity in TSL / NORMx.y,z
oce diode compression point
CF crast factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ » rotation around probe axis
Polarization 8 8 rotation around an axis that Is in the plana nomal o probe axis (at maasurement center),
Le, 8 =0is normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} 1EC 622091, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MMz to 3 GHz)", February 2005

c) 1EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

d) KDB B65664, "SAR Measurement Requirements for 100 MHz 1o 8 GHz"

Hothods Applied and Interpretation of Parameters:
NORMY,y,2: Assessed for E-fisld polanzation 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediate values. i.8., the uncertainties of NORMx,y,z does not affect the E-field
uncertainty inside TSL {see below ConvF).

o NORM(Nx.y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This linearization is
Implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

« DCPyx,y.z: DCP ara numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depeand 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 Beyz Cxyz Dxy2 VRxyz A B, C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibraton 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 (alpha. depth) of which typical uncertainty vaiues are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMx.y.z * ConvF wheraby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is usad in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

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

o Connector Angle: The angle Is assessad using the Information gained by determining the NORMx (no
uncertainty required)
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EX30V4 - SN:3967

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 16, 2015

Calibrated for DASY/EASY Systems

(Note. non-compatible with DASY2 system!)
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FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

EX30VA- SN:3067

Deocembor 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z | Unc (k=2)
Norm (sVA(Vim)')* 0.54 0.38 0.48 | 2101 %
| DCP (mV)" 101.3 97.8 101.0 |
Modulation Calibration Parameters
uiD Communication System Name A 8 c | o VR Ung-
48 dBVuv | dB mV (k=2)
0 oW x| 00 00 10 | 000 | 1450 | #+35%
Y| oo 00 10 | 1437
z 0.0 00 10 | 1382
The ed uncertainty of measurement is stated as the standard uncertainty of measurement

muitiplied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probability of approximately 95%.

‘ThnmmmdenXYZdunoammE’»ummmne\‘SL\'umswc\

¥ Numercsl inearnzation parameter uncertanty nol required

'Umﬂytmlmmumomem- daviaton from Inedr response Spahing rectanguier dalrution and is axpressed for the square of the

falo value
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EX3DV4- SN:396T December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth © Unc

t(MHz) ¢ | Permittivity” (sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 10.27 10.27 1027 021 139 | £120%
835 415 0.90 9.87 9,87 9.87 0.20 138 | $120%
900 415 0.87 9.70 9.70 9.70 0.25 115 | 2120%
1450 405 1,20 8.19 8.19 .19 029 092 | 2120%
1750 40.1 1.37 8,30 B.39 8.39 0.25 088 | 2120%
1900 40.0 1.40 8.11 B.11 8.11 0.39 080 | £120%
1950 40,0 1.40 7.80 7.80 7.90 0.38 086 | £120%
2300 395 1.67 7.73 7.73 7.73 0.37 084 | 2120%
2450 39.2 1.80 7.42 7.42 7.42 0.40 080 | £120%
2600 39.0 1.98 717 717 747 0.41 083 | £120%
3500 319 291 780 | 780 | 760 | 0o | 083 | s131%
5200 36.0 468 5.37 5.37 537 0.35 180 | +131%
5300 35.9 4.78 5.04 5.04 5.04 0.40 180 | £131%
5500 356 496 487 4.87 487 0.45 180 | £131%
5600 355 5.07 4.85 4,65 4.65 0.50 180 | £131%
5800 353 527 4.69 4,69 469 0.50 180 | £131%

-rm‘cyumnmaooumov:1mumwmumvuamm(mmnmummx 50 MHz. nn
uncetanty w the RSS of the Com « y and the for the y band. F

below 300 Mz t5 £ 10, 25, 40, wmrouc'uc«nru-mm.m B4, 128 tsowmwow Ahovobaﬂzhm
Mmhm'osnom

© Al frequences Delow 3 GHz, the vascity of tissue parametens (c sad o) can be nelsxed to = 10% If bquit K i 18 pped
maasued SAR values NEMQMSWMvmdumwmumwlmn|b\ mmmﬂmmd
hwwmmmmmmpum

hy e during SPEAG tt the y v due 10 the boundery effect sl CompPensaton is
mmMmrtxwmmuwsc&mwwaubmmumuawmmwrmmmmmm
cvamaeter from the boundary
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EX3DVA- SN:3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

P Relative | Conductivity I 5 | Depth® Unc

1(MH2)® | Pormittivity” | (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.92 9.92 9.92 022 | 141 | £120%
835 55.2 0.97 9.76 9.78 9.76 0.24 128 | £120%
1750 53.4 1.49 B.04 8.04 8,04 040 | 085 | +120%
1900 533 1.62 7.95 7.95 7.95 035 | 092 | +120%
2450 527 1.95 7.31 7.31 7.31 040 | 086 | +120%
2600 52.5 216 7.19 7.19 7.19 025 | 105 | +120%
3500 51.3 N 6.88 6.86 6.86 0.36 1.14 +13.1%
5200 49.0 5.30 432 4.32 432 055 | 190 | +13.1%
5300 489 542 423 423 423 055 | 190 | +131%
5500 486 5.65 3.80 3.80 3.80 0.60 190 | £131%
5600 48.5 577 3.70 3.70 3.70 0.60 1.90 +13.1%
5800 48.2 6.00 282 182 382 0.60 190 | £131%

© Frequency valdty sbove 300 Mz of £ 100 Miz oy saplies for DASY v 4 and igher (ses Page 2), sise # in restricted 1o = 50 MHz. The
uncertasinty is the RSS of the ComF uncertantly it collbration fequancy @nd he uncstanty for the indcated requency band Fragquency valkity
Dolow 300 MHZ s £ 10, 25, 40, 50 and 70 MHZ for Convi assessmonts at 30. 64, 128, 150 anu 220 M-z respectively. Above 5 GHz frequancy
vishdity can be exandos 10 = 110 Mz

" Al frequancios bolow 3 GHz. the validity of tssue parsmeters (¢ and «) can be relaxed 10 = 10% # bgud formuts = applied to
moasured SAR values Al frequencies above 3 GMz, the validty of frssus pacameters (n and o) is restncied 10 2 5% The uncertninty s the RSS of
Imcmmmhandcmdmmm

= AphaDepth ace delermined during catbration. SPEAG warreatn 1hat 1he remaming deviaton due to he boundary ftect after compensanon &
Ahwiys less than £ 4% for frequancies below 3 GHz and below £ 2% for frequencies betwoon 3-8 GMz at any distance bwger than half the probe tp
diammter from ha boundary
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EX3DVA- SN:3967

Frequency response (normalized)

Dacember 16, 2015

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

i
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4.- SN3967 Docember 16, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30DVA- SN.3967 Decamber 16, 2015
Conversion Factor Assessment
{= 835 MMz, WGLS RS (H_comf) f= 1800 MHz WGLS R22 (M_conv)
)tf-.\. |
30 \ =
g £ =/
f |
3 i
°°; . - » 5 . & S e SEE T Y VS R T Sy
Ll 2o
. L) L 2
e s L wavES Wens e
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
10 08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30V4- SN:AGGT December 16, 2015

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

Other Probe Parameters

Sensar Arrangement | Triangular
Connector Angle (%) i T 2086
"Machanical Surface Oetection Mode enabled
Optical Surface Detection Mode disabled
‘Probe Overall Length - 337 mm |
mé_maer ; 10 mm |
W 9 mm ‘
Tip Diameter 25mm |
Probe Tip to Sensor X Calibration Point “Tmm |
Probe Tip 1o Sensor Y Calibration Point Tmm |
Probe Tip 1o Sensor Z Calibration Point 1 mm
"Recommanded Measurement Distance from Surface , 1.4 mm 1‘
Cartificsis No: EX3-3967_Dec15 Page 11 of 11
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FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

HCT CO,LTD
Calibration Laboratory of s{"{i’_'/;’,""z} Schweizerischer Kalibrierdienst
Schmid & Partner e G Service suisse d étsionnage
Engineering AG g Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland AN S Swiss Calibration Service

TR

Accrediied by the Swiss Accroddation Service (SAS)
The Swiss Accreditation Service is one of the signatories fo the EA

Accreditation No.: SCS 0108

Muttilateral Agr forthe r gnition of calibration certificates
ciient  HCT (Dymstec) Cartificate No: D835V2-4d165_Novi5s
(CALIBRATION CERTIFICATE
j Object DB35V2 - SN: 44165
Calbration procasure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Catbration date November 24, 2015

The meas: and the &

Caltration Equipment used (MATE ontical for calibeation)

This calibration cantlicate documents the taceability to national standards, which reakze the physical units of measurements {S1).
vins with confidence probebiity are given on the fallowing pages and are part of the cartdicate

Al calibrations have boen conducied In the closed laborstory facility: amaeronment tempariture (22 + 3}°C and humidity < 70%

Primary Standards 10 # Cai Dats {Cartificate No.) Scheduled Calbration

Powar meter EPM-442A GBITABOT04 07-0c115 (No. 217-02222) Oct16

Powaor sensor HP B4B1A US37292783 07-Oct-15 (No. 21702222) Cct-186

Power sansor HP 8401A MY41002317 07-Oct-18 (No. 217-02223) Qct-16

Hateronce 20 dB ARoauator SN BO6H (20k) 01-Ape-15 (Na 217-02131) Mar-18

Type-N mismatch combination SN: 5047 .2 1 08327 01-Apr-15 {Na. 217-02134) Maz-16

feterance Probe EXIDVA SN: 7349 30-Dec-14 (No. EX3-7:348_Dec14) Dec-15

DAES SN 60 17-Aug15s (No DAEA-G0T _Augis) Aug18

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

AF gunemtoc AAS SMT-06 M7z 15-20n-15 {In housa chack Jun-15) In house cheak: Jun-18

Natwark Analtyzee HP 87S3E USI7T3A60585 S4206 18-0ct-01 (in houne check Oc1-15) In house check: Oct-16
Name Function Sgnature

Calibrated by: Michaat Webet Laberatory Technician I M

Approved by Katjn Pokovic Tachnicai Manager

s =

lnsued: November 24, 2015

This calibration cerificate shall it be reproduced except in full without witttsn approval of the laboralory

Certificate No: DE35V2-4d165_Novis
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HCT CO,LTD

Calibration Laboratory of L Schweizerischer Kalibrierdsenst

Schmid & Partner % 2 Service suisse d'dtalonnage
Engineering AG T A Servitio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerland o "'ﬁ-"‘\? S  Swiss Calibration Service

Accradited by the Swiss Accraditation Servioe (SAS) Accreditation No.: SCS 0108

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

Multilateral Agr for the recognition of calibeation cerntificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: DE3SV2-4d185_Nov1b Page 20l 8
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HCTCO,LTD
Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C M“ns 0.90 mho/m
Measured Head TSL parameters (220x02)'C 426+868% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nomenal Hoad TSL parameters normalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL paramelers normalized 10 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mho/m
Measured Body TSL parameters {(220=02)C 556+6% 0,99 mho/m £ 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 2,40 Wikg

SAR lor nominal Body TSL parameters

normalkized to 1W

9.47 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.58 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

6.25 W/kg £ 16.5 % (k=2)

Cenilicale No: DB35V2-4d165_Nov1s
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HCTCO,LTD

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

Impedance, transiormed to feed paint 521Q-47jQ
Retum Loss - 26008

Antenna Parameters with Body TSL

Impedance, transformed to feed point 478Q-88i0Q
Aetumn Loss -227dB

General Antenna Parameters and Design

l Electrical Delay (one diraction) [ 1440 ns ]

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

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

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

Additional EUT Data

Manufacturad by SPEAG
Manufactured on December 28, 2012

Certificate No: D835V2-4d165_Nov15 Pagadots
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HCTCO,LTD

DASYS Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serinl: D83SV2 - SN: 4d165

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

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

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

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

o DASYS2528.8(1222), SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrupolated) = 3.40 W/kg

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

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

0dB=3.03 Wikg =481 dBW/kg

Cenificate No: DB35V2-4d165_Nov15s Page 5ol B
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FCC ID:

ZNFKS500F

: HCT-A-1603-F014-2

Impedance Measurement Plot for Head TSL
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Report No: HCT-A-1603-F014-2

DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d165

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

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

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17.08.2015
Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222). SEMCAD X 14.6,1((7331)

Date: 24.11.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 61.95 V/im; Power Drift =-0.02 dB
Pecak SAR (cxtrapolated) = 3.54 W/kg

SAR(] g) = 2.4 W/kg: SAR(10 g) = L.58 W/kg
Maximum value of SAR (measured) = 3.17 W/kg

Centificate No: DB3SVZ2-4d165_Nov15 Page 7of 8
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0dB =3.17 W/kg = 5.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCT COLLTD
Calibration Laboratory of S, it Kalibrierdienst
Schmid & Partner SN S s«u:m m:::mmw
Engineering AG 7 S C  servisio eviezoro di terstura

Zeughausstrasse 43, 8004 Zurich, Switzeriand % ,}ﬂ@’ S Swise Calibeation Service
Accrodited by the Swiss Accreditation Service (SAS) Accreditation 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) Certificate No: D1800V2-2d006_Jan16
CALIBRATION CERTIFICATE
b ——

Otject D1800V2 - SN: 2d006

Caiibeation procedureds) QA CAL-05.v9

Callbration procedure for dipole validation kits above 700 MHz

Calitvation tate! January 22, 2016
This calibeation centificato documonts the traceabiity 1o national standards, which realize the physical units of measuremants (54)
The mean s and the ue with confidence probabilty are given on the fallowing pages and aro part of the cedificate.

All calitrations have been conducted in the closed laboratory lacliity: amironment temparature (22 = 3)°C and humidity < 70%.

Calibention Equipmant used (MATE cntical for calibention)

Primary Standanss o Cal Date (Cortlicate No.) Scheduled Catb
Power metor EPM-2424 GB37480704 07-00t-15 (No. 217-02222) Oct-18

Power sensor HP 8481A Us3Ire2ras 070ct15 (No. 21702222) Oct-16

Pawer sangor HP 84814 MYR1062317 07-Oct-15 (No. 217-02223) Oct-18

Het 20 o8 Att SN: 5058 (200) 01-Apr<15 (No. 21702131) Mar-16

Type-N mismatch combination SN. 5047 2 / 06327 01-Apr-15 (No. 217-02134) Mar16

Anterance Probe EX30V4 SN 7349 31-Dec-15 (No. EX3-7348_Dec1s) Dec-16

DAE4 SN: 801 30-Dac-15 (No, DAEA-801_Dec15) Dec-18

Secondary Stundards 1D w» Check Date (in bouse) Scheduled Chack

AF ganorator RS SMT-06 100672 15-Jun-15 (in house chack Jun-15) In houss check: Jun- 18
Natwork Anahyzar HP 87536 US37390585 54206  18-Oct-01 (In house ohack Ot-15) In house check. Oct-16

Calbratad by Michasl Wabet Lsborstory Tachalcian Z;;“!
Approved by Kasja Pokavic Tochnical Marager %/g

issuna: January 25, 2016

This catibration certilicate shall not bo reproduced except in Tul without wrillen approval of the lsboratory

Centificate No: D1800V2-2d006_Jan16 Page 1 ol 8
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HCT CO,LTD
Calibration Laboratory of AN, .
=, 7, Schweizerischer Kalibriorclons
Schmid & Partner % 8 Service suluse d'étalonnage '
Engineering AG g C  sarvitio svizzero ot taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland %y ,ﬁw\-’ S Swiss Calibration Service
el
Accrediled by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatocies 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) |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) 1EC 622091, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used In close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are avaitable 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 mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallef 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 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%.

Cartificate No: D1800V2-2d006_Jan18 Page 20l 8
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HCTCO,LTD
Measurement Conditions
DASY system configuration, as lar as not given on page 1.
DASY Version DASYS vsz2sa
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1800 MHz & 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)"C 401 £6% 1.39 mho/m 26 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wikg
SAR for nominal Head TSL parameters normahzed to TW 38.5 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.03 Wikg
SAR for nominal Head TSL parameters nommalized to TW 20.2 Wikg = 16,5 % (k=2)
Body TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 53726% 1.52 mho/m =6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAH measured 250 mW input power 8.57 Whg
SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.2 W/kg + 16.5 % (k=2)
Centiticate No: D1800V2-2d006_Jan16 Page3ofB
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transformed to feed paint 4650-68jQ
Heturn Loss -22.14d8B
Antenna Parameters with Body TSL
impedancs, transformed to leed point “rQ-621Q
Retun Loss -213d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is theralore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when foaded according to the position as explained in the
*Measurament Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length |s still

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Caortificate No: D1800V2-2d006_Jan16
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DASYS Validation Report for Head TSL

Date: 22,01.2016
l'est Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISO0V2 - SN: 2d006

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

Medium parameters used: { = 1800 MHz; a = 1.39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12.2015;
« Sensor-Surface! |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senal: 1001

o DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 106.1 V/im: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.5 W/kg

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

Maximum value of SAR (measured) = 14.5 W/kg

-14.40

-18.00

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

Cerificate No: D1800V2-2d006_Jan186 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DI1800V2; Serial: DISO0OV2 - SN: 2d006

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

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

DASYS52 Configuration
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
+ Electronics: DAEA4 Sn601; Calibrated: 30,12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDDOOPSOAA; Serial: 1002

« DASYS252.88(1258); SEMCAD X 14.6.1((7372)

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

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

Peak SAR (extrapolated) = 16.8 Wikg

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

Maximum value of SAR (measured) = 14.4 Wikg

-3.60

-7.20

-10.80

-14.40

-18.00

0dB = 144 W/kg = 11.58 dBW/kg

Cantificato No: D1800V2-2d006_Jan18 Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK500F

Report No: HCT-A-1603-F014-2

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Accradited Dy the Swiss Accrediation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of callibration certificates

st
Y NN
QAT

Schweizerischer Kalibrierdienat
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

wow

Accreditstion No.: SCS 0108

Cartificate No: D1900V2-5d032_May15

This calbration cerificate d

Calivration Equipment used (MATE critical for calibration)

lio#

CALIBRATION CERTIFICATE
Otject D1900V2 - SN: 5d032
Galitration procodure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Caliteation date May 20, 2015

s the ability to national standards, which realize the physical units of measuremants (1)
The measisements and the uncenaintive with confidance probability are given on the Inllowing pages and are part of e cotficala

Alt calibrations have been conductad in the closed laborstory facilty, environment tempetatioe (22 « 35*C wnd humidity < 70%

Primary Standards Cal Date (Corifficuts No ) Scheduled Calbration

Pawer metar EPM-442A | GB37480704 07-0ct-14 (No. 217-02020) Qa5

Pawer sansor HP 84814 us3raeees 07-0ct-14 (No, 217-02020) Oct-15

Power sensor HP 8481A MY41082317 07-0Oct-14 (No, 217-02021) Oat15

Aulerence 20 dB Atlanuator SN: 5068 (20k) 01-Ape-15 (No. 217-02131) Mar-16

Type-N mismatch combnabon SN. 5047 2/ 06227 01-Apr-15 (Na. 217-02134) Mar16

Refarance Probe ESSDV3 | BN 3206 30-Dec-14 (No. ES3-3205 Dec14) Doc-15

DAE4 | s g0t 18-Aug-14 {No. DAE4-601_Augt4) Aug1%

Saecondary Standsrds D Check Date (in house) Scheduled Check

AF generator RES SMT-08 100005 D4-Aug9@ (in house check Oct-13) Ih house check: Oct-18

Notwork Anatyzer HP 8753€ USI7IN0585 S4208  18-Oct-01 (In house check Oct-14) in house check: Oct-15
Name Function Signature

stk A Sl A

Approved by Katys Pokowic Tachaical Manager

This calibraton cerdificate shall not be reproduced axcegt i full without written approval of the laboratory

P

Issusd: May 20, 2015

Certificate No; D1900V2-5d032_May15
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Calibration Laboratory of S Schweizerischer Kalibrierdienst

Schmid & Partner e Service sulsse d'étalonnage
Engineering AG % Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland %, ,,f/'\\w\y‘ Swiss Calibration Service

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

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

Multitateral Agr for the gnition of callbration cortificates

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

o SAA 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%.

Certificats No: D1900V2-50032_May15 Page 20l 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Froquency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and cakulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)°C ABO=26% 1.37 mho/m 2 6 %
Head TSL temperature change during test <05°C - —eee
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.2 Wiy
SAR for nominal Head TSL parameters normakized 1o 1W 41.1 Wkg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.33 Wikg
SAR for nominal Head TSL parameters normmalized to 1W 21.4 Wikg = 16.5 % (ks2)

Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220:02)°C 527£6% 1.51 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 Caadition
SAR measured 250 mW Input power 10.2 Wig
SAR for nominal Body TSL parameters normalized 10 1W 40,9 W/ikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measured 250 mW Input power 541 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-50032_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 5130+52/0
Retum Loss -255d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 474043550
Retun Loss -24.2d8

General Antenna Parameters and Design

[ Etectrical Detay (one direction) | 1.195 s ]

After long 1erm use with 100W radiated power. oniy a slight warming of the dipole noar the teedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line i3 directly connected 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 to the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurament Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard

No excessive force must be applied 1o the dipole arms, becauss they might bend or the soldered connections near the

feedpoint may be damaged.
Additional EUT Data
Manutactured by SPEAG
Manufactured on March 17, 2003
Cortlicate No: D1800V2-54032_May15 Pagedofd
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: f = 1900 MHz: o = 1.37 §/m: &= 38.9; p = 1000 kg/m'

Phantom section: Flat Section
Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS2 Configuration

Probe: ES3DV3 - SN3203; ConvF(3. 3, 5); Calibrated: 30.12.2014;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDODOPS0AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.10(7331)

Date: 20,05.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grnid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 99.00 V/m; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 18.6 W/ikg

SAR(1 g) = 10.2 W/kg: SAR(10 g) =5.33 W/kg
Maximum value of SAR (measored) = 12.7 W/kg

a8

-3.60

-1.20

-10.80

-14.40

-18.00

0dB =12.7 W/kg = 11.04 dBW/kg

Centificate No: D1900V2-54032_May15 Page50f 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20,05.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: D1900V2 - SN: 5d032

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

Medium parameters used: f = 1900 MHz; o = 1.5] Sim; & =52.7; p = 1000 kg/m’
Phantom section; Flat Section

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

DASY32 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4,65); Calibruted: 30.12.2014;
e Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002

o DASYS252.8.8(1222); SEMCAD X 14.6,10(7331)
Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=Smm
Reference Value = 96.54 V/m; Power Drift =0.01 dB
Peak SAR (extrapolated) = 17.3 Wikg

SAR(1 g) = 10.2 W/kg: SAR(10 g) =541 W/kg
Maximum value of SAR (measured) = 12.8 W/kg

-3.80
-7.60
-11.40

-15.20

0dB =128 W/kg= 1107 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A §  Schweizerischer Kaiibriecdienst
Schmid & Partner % Service sulsse d'étalonnage

Engineering AG = C servisio svizzero di taraturs

Zeughaussirasse 43, 8004 Zurich, Switrerland AN g S Swiss Calibration Service
Accroditod by the Swiss Accreditation Service (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is one of the signatorios to the EA
Multilateral Agr for the recognition of calibration certificatos
ciem HCT (Dymstec) Certificats No: D2450V2-743_May15
CALIBRATION CERTIFICATE
Objact D2450V2 - SN: 743
Calitestion procachirs(s) QA OAL~05.V9 4 Y i
Caibration date: May 19, 2015

This calibration cerificals documants the traceability 10 national standarss, which realize the physical unils of measurements (S1).
The measur s and e unce: with confidence probebiity are given on the folowing pages and are past of the coriticate

Al calibeations have been conducted in the clused b ary toclity: er ature (22 & 3)°C and humidity < 70%

Calibratian Equipment used (MATE critical for caibration)

Primary Standards 0 # Cal Date (Cartificatn No.) S dod Calibrution
Powar meter EPM-242A GBA74807T04 07Oct-14 (No, 217.02020) Oct-15

Paower sensor HP 84814 USI7202783 0700ct-14 (Na. 217-02020) Oat-15

Powur sansor HP B481A MY410e2317 07-0Oct-14 (No. 217402021) Oct-15

Aeterence 20 dB Attenuator SN: 5058 (20%) O1-Apr-15 (No. 217-02131) Mar-16

Type-N mismaich combmation SN: S047.2 7 06327 01-Apr-15 (No. 217-02134) Mar-16

Referance Proboe ES30DVI SN 3208 30-Dec-14 (No. ES3-3205_Deci4) Dec-18

DAE4 SN 601 168-Aug-14 {No. DAE4-G01_Augt4) Aug-15

Secondary Standards s Cneok Dase (in houne) Scheouied Check

AF genorator RES SMT-06 100005 D4-Aug-98 (in house chack Oct-13) Ih house eheck: Oct-18
Netwuck Anatyzer HP 8753E US37390585 S4206 18-0ct-01 (in house cheok Oct-14) In house check: Oct-15

Name Function

Sign
Caliorated by Michasl Weber Laboratory Tachnician I&_
Approwc by Kaja Pokiwie Techoical Manager /%.

lssued: May X0, 2015

This calibeabon cedificate shall not be reproduced excegt in Iull witheut wiitten aporoval of the laboratory
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Calibration Laboratory of S8, §  Sehweizerischer Kaiibrierdienst
Schmid & Partner % c Service suisse d'étatonnage
Engineering AG T Servizio ovizzero di tarstura
Zeughausstrasce 43, 8004 Zurich, Switzerland 'z,,,,'//;\\‘_\‘.\? S Swiss Calibration Service
Accradited by the Swiss Accraditation Secvicn (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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, "Pracedure to measure the Specific Absorption Rate (SAR) for hand-heid
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) 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.

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%.

Certificate No: D2450V2-743_May15 Page20f8
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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 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3.2 1.80 mho/m
Measured Head TSL parameters (220=02)°C 37926% 1.84 mho/m +6 %
Head TSL temperature change during test <05°C — eee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 250 mW input power 13.6 Wikg
SAR for nominal Head TSL perameters normalized to 1TW 53.4 Wikg = 17.0 % (k=2)
SAR averagod over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.495 mho/m
Measured Body TSL parameters (220202)"'C 50.7 +6% 203 mho/m 26 %
Body TSL temperature change during test «<05°C — doh
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Whg
SAR for nominal Body TSL paramaters normalized to 1W 52.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAHR measured 250 mW input power 6.20 Wikg
SAR tor nominal Body TSL parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)

Cortificate No: D2450V2-743_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 542Q+440
Retum Loss -2464d8B

Antenna Parameters with Body TSL

Impedance, transformed to {eed point 51404610
Retum Loss -2424dB

General Antenna Parameters and Design

[ Erecirical Delay (one direction) | 1.160 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second am of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when leaded according to the position as explained in the
*Measurament Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_May15 Page 4ot B
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DASYS5 Validation Report for Head TSL

Date: 19.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

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

Medium parameters used: f = 2450 MHz; o = 1.84 S/m; £ = 37.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(4.54, 4,54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3Imm (Mechunical Surface Detection)
o FBlectronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 101.4 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.32 W/kg

Maximum value of SAR (measured) = 17.7 W/kg

d8

-4.80
-9.60
-14.40
-19.20
24,00

0dB =177 Wikg = 1248 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.05.2015
Test Laboratory: SPEAG, Zurich, Switzerlind
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

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

Medium parameters used: f = 2450 MHz; o = 2.03 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(4.32, 4,32, 4.32); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

« DASY52 52.8.8(1222); SEMCAD X 14,6.10(7331)

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

Reference Value = 96.12 V/m; Power Drift = -0.02 dB

Peak SAR (extrupolated) = 27.9 W/kg

SAR(1 g) = 13.4 W/kg: SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 17.7 Wikg

d8

-4.80
-9.60
-14.40
-19.20

-24.00

0dB =177 W/kg=12.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of \‘\\\'/)', S Schwolzorischor Kalibrierdsenst
Schmid & Partner % Service sulsse d'étalonnage
Engineering AG ey C  garvisio svisaero 6 tarsnwn
Zeughausstrasse 43, 0004 Zurich, Switzerfand R S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signaiories o the EA
Multilaters! Ag for the recognition of cafibration cestificates
ciert  HCT (Dymstec) Cartificats No: D2600V2-1015_Mari5
CALIBRATION CERTIFICATE
Ovject D2600V2 - SN: 1015
Catbration proceckine(s) QA CAL-D5.v9
Calibration procedure for dipole validation kits above 700 MHz
Calbration date March 25, 2015
This calbration certilicate documents the raceabiity to nationat standarts. which realize the physical units of verds (S1).
The WS and tha unc with canfiderce peobability are given on the lollowng pages and are part of tha cerificase
AR s have boen cor In 1he closed labaralovy faciity. amironment lempomture (22 + 3]0 and humidity < 70%.

Calibentian Equipment used (MATE criticat for calibeation)

Prienary Standargs 08 Cal Date (Cestilicate No.) Sc [ )

Powor matar EPN-442A GB3I7480704 07-0ct-14 (No. 217-02020) Ocr 15

Powor sanaoe HF 8481A US37202783 07-Oct-14 (No, 217-02020) Oct 15

Powee sensor HP 8481A MYa1092317 07-0c1-14 (No. 21702021} Oa15

Relesence 20 dB Attenuator SN: 5068 (20k) 03-Ape-14 (No. 217-01918) Apr-15

Type:N mismaich combination | SN: 5047.2/ 05327 03-Ape-14 {No. 217-01021) Aprs

Referance Proba ESIOVE SN: 3200 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN 801 18-Aug-14 (No, DAEAGDT_Augid) Auwg-15

Secontary Stundards oy Chock Date (in house) Scheduled Check

AF ganaraor RAS SMT-08 100005 O4-Aug-99 (in house check Oct-13) In house chack: Oct-16

Network Anadyzer HF 8753 USITI90888 S4208 1B-0ct-01 (in house chack Oct-14) In house check: O¢t-156
Name Function Signature

Catbmted by Joton Kastrat mr—n&ﬁ“"( )
Apcroved by Katia Pokovio Tecnrica Manager & /4

Issued: March 25, 2015

This calbration cortilicate shal not be teproduced axcapt in full without written appraval of 1he labaratony
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Schmid & Partner ™ 1 ¢ Service suisse détalonnage
Engineering AG =6 Servizio svizzero di tarmtura
Zoughausstrasse 43, 5004 Zurich, Switzeriand % ,,ﬁ‘\,,\? S swiss Catibration Service
Accredited by the Swiss Accreditation Sanics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorios to the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) 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 befow the center marking of the flat phantom section, with the arms oniented
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 Retumn Loss ensures low
reflected power. No uncertainty required.

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

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

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

The re‘rorted 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
Fraquency 2600 MHz 2 1 MHz
Head TSL parameters
The following paramatass and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 390 1.96 mho/m
Measured Head TSL parameters (220+02)'C 37226% 200 mho/m +6 %
Head TSL temperature change during test <05°C e —eee
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parameters notmakzed to 1W 56.5 Wikg = 17.0 % (k=2)
SAR nveraged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 65.40 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 216 mho/m
Measured Body TSL parameters (220=202)°C 503+8% 220 mho/m 26 %
Body TSL temperature change during test <05*C e -
SAR resuit with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Whg
SAR for nominal Body TSL parameters normalized 1o 1W 554 W/kg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 24.8 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 5000-21)0
Return Loss -335d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4680-19jQ
Retum Loss -278dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1150 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therelore short-circulted for DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as axplained in the
“Measyrement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole langth is still
acoording to the Standard,

No excessive foroe must be applied 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 October 30, 2007

F-TP22-03 (Rev.00) 191 /197 HCT CO., LTD



HCT FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

HCTCO,LTD

DASY5 Validation Report for Head TSL

Date: 20.03.2015

Test Laboratory: SPEAG, Zurich, Switzerfand

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: [ = 2600 MHz; o = 2 S/m: g, = 37.2. p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSIC63.19-2011)

DASY32 Configuration:

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

Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014,
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 18.08.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

DASYS52 52.8.8(1222); SEMCAD X 14.6.1((7331)

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 102.2 V/im: Power Drift = 0.03 dB
Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.4 W/kg
Maximum value of SAR (measured) = [8.9 W/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 25.03.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: { = 2600 MHz; o = 2.2 S/m; ¢, = 50.3; p = 1000 kg_v/m"
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/IEC/ANS] C63.19-2011)

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.13, 4.13, 4.13); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Senal: 1002

o DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 96.03 V/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 29.2 Wikg

SAR(I g) = 14.1 W/kg: SAR(10 g) = 6.27 W/kg
Mauximum value of SAR (measured) = 18.6 Wikg
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFK500F Report No: HCT-A-1603-F014-2

Attachment 5. —= SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1900 2450 -2 700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether - B, ; 17.24 10.67

Salt:

Water:

DGBE:

Triton X-100(ultra pure):

99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
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 DO02v01r02, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2013 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

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

SAR Probe Dlelectrlc Parameters CWVaIidation M ulatlon Validation
System Probe . . .
Probe  Type Ca:;br_attlon bligzlz | PEE Measured Measured o ... Probe | Probe MOD. Duty o,
. om Permlttlwty Conductivity Y Lineari Isotropy Type |Factor

4 1605 [ET3DV6 | Head | 835 | 4d165 | 2015.12.01 41.8 PASS | PASS | PASS |GMSK|PASS

5 3903 |EX3DV4 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS |[GMSK|PASS| N/A
5 3903 |EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |[EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |[GMSK|PASS| N/A
3 3797 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 [EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 [EX3DV4 | Head [1900| 5d032 | 2015.12.01 40.1 141 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 [EX3DV4 | Head [1900| 5d032 | 2015.12.01 40.1 141 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Body [1900| 5d032 | 2015.12.02 52.4 151 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Body [1900| 5d032 | 2015.12.02 52.4 151 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |[EX3DV4 | Head (2450 743 |2015.12.28 39.3 1.79 PASS | PASS | PASS |OFDM| N/A |PASS
8 3967 [EX3DV4 | Body (2450 743 |2015.12.30 52.9 1.97 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Head (2600 1015 |2015.12.01 38.7 1.96 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4| Body [2600| 1015 |2015.12.02 52.9 213 PASS | PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,
such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
DO01v01r04.
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