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This caltrabion cerificate documents the raceabilly 10 national slandands, which realze the physical units of me 159

The meast and the Intles with confidence pratobiltty ore given oo the Tolkowing pages and are pan of (he certificae.

All calitratons heve besn conducted n the doasd lab y facity: t ternp {22 = 35°C and humidity < 70%.

Caktraton Equipment usad (MATE catical for calibration)

Sandards [ Cal Date {Cerstcato No.) Scheduied Caibraton
Power meter E44198 GB41233874 Qt-Apr-15 {No. 247-02128) Mai-16

Power sansor EA4124 MY4 1266087 01-Apr-18 (No 217-02128) Mar-16

Refarence 3 03 Aflerasstor | SN 55054 (3¢} 0t-Apt-15 (No. 237-02129) Mar-16
Redarance 20 65 Atlerustor | SN: 85277 (20%) 01-Apr-16 (No. 217:02132) Mar- 18

Reference 30 0B Attenuotor | SN $5129 (305) 01.Ape-15 (No. 247.02133} Mar-16

| Referance Probe ES3OV2 SN 3013 40-Dec-14 (No. ES33013 Decid) Dec-15

DAE4 SN 680 14-Jan 15 (No. DAE4-669_Jan15) Jan16

Secondery Standards [} Chieck Date (in house) Scheduled Chack

RF gececator HP 8645 USI62001700 4-Aug-89 (i howse check Apr-13) In houss chock: Apr-15
Network Analyzar HP 8753 | US37390585 18.0ct.01 {in house chack Cet-14) In houss check: 0115
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HCTCOLTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016

Calibration Laboratory of S, i Schweizerischer Kafibrierdienst
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Accredited by the Swis Accraddaton Servico {SAS) Accroditation No.: SCS 0108

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

Muititateral Age for the recognition of caiibration cortificates

Glossary:

TSL tissue simulating liquid

NORMx,y.2 sensitivity in fres space

ConvF sensitivity in TSL / NORMx,y,2

DCP diode compression point

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

ABCD modulation depaendent inearization parameters

Polarization o ¢ rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

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

b) EC 62209-1, "Procedure 1o 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 polarization 8 = O {f < 900 MHz in TEM-celf; f > 1800 MHz: R22 waveguide).
NORMx.y.z are anly intermediate values, i.¢., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL {see below ComvF),

«  NORM({f)x.y.z = NORMx. v,z * frequency. response (see Frequency Response Chart), This nearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the slated uncertainty of Convi.

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

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

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

o Sphencal isotropy {3D deviation from isotropy): in a field of iow gradients realized using a flat pharntom
exposed by a patch antenna.

»  Sensor Offsst The sensor offset correspands to the offset of virual measurement center from the probe tip
{on probe axis), No tolerance required.

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

FCC ID:

ZNFK120F Issue Date: 01. 12, 2016

Report No.

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/AVim)*)" 1.49 191 1.61 2101 %
OCP (mV)" 100.4 99.7 1 100.3
Moduilation Calibration Parameters
L ] Communication System Name | | A 8 | C D | VR | Unc'
| | | o8B dB v d8 my (k=2}
o | oW X oo 00 | 10 | 000 | 1695 | 230%
. ¥ o0 | o0 10 T eaz |
| [z | 0o 0.0 10 | 777

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
prabability of approximately 95%.

A The uncanainties of NormX,Y .2 do not attect the E*-field urcartainty inside TSL (soe Pages 5 and 8)

"N | S M\ et uncertainty 0ol requinec

* Uncerainty s determingd using the max. devialion from linear resporse applying rectangutar Gstnbution and & expressed for the scuaie of he
Sadd value
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

ETIDVH~ SN:1605 April 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f {(MHz) © P:mm' commy ConvF X W ConvFY | ConvFZ | Alpha® m‘i m
750 419 0.89 6.64 6,64 584 026 | 300 | $£120%
835 41.5 0,80 6.33 6.33 £.32 028 | 300 | £120% |
900 &15 0.97 6.14 6.14 6.14 0.31 3.00 | +120%
1450 05 | 120 537 5.37 537 045 | 264 | +120%
1750 40,1 1.37 5.20 5.20 5.20 073 | 215 | +120%
1900 40.0 140 | 50 501 | 501 080 | 212 | £120%
1950 40.0 140 | 484 4.94 494 | 080 | 208 | £120%
2300 395 1.67 ar? 477 4.77 080 | 188 | £120%
2450 39.2 1.80 457 4.57 457 085 | 175 | #120% .

© Frequency vabicity above 300 Miz of 3 100 Mz orly spplies for DASY v4 4 anc figher (soe Page 2), mnurutmbdtn:.SOW: The
uncartainty is the RSS of the Convi uncarsinty al calibration fraguency and tha uncertainty %o the ind y band. Freg y vaioty
bedow 300 MH2 i = 10, 25, 40, 50 and 70 MHZ for ConvF assessmonts 1 30. 84, 128, 150 and 220 MHz respectysly Am.:le'maunnt.y
wm&ycmb‘wwloxﬂow
¥ A1 frequencies below 3 GHZ, the validiy of tissue parameters (€ ang o) can b rolaxed o+ 10%  fiquid compensation fomws © apphed to
meastred SAR values. Al froquencies above 3 Giz, the valdty of {isson parameters (e 900 o) & restncted 10 = 6%, The uncertarty & the RSS of
mocommeyfwmdmbdurgdimmm

are determinad during caibeation. SPEAG warmants that the remaining deviation due to the boundary effect after compensation is
shways less than £ 15 foe lreguencies helow 3 GHz and helow & 2% for frequencies betwien 34 GHz at any distance targer than hall tha peobs tip
d@ameter from (he boundary
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

ET3DV6- SN, 1605 Apri 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity \ Depth © Unct.
f{MHz)" | Permittivity” (8im)" ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 8.21 0.30 2.71 +12.0%
835 55.2 097 811 6.11 611 030 | 3.00 +120%
1750 53.4 1.49 4.66 466 4,66 0.80 2.62 £12.0%
{1900 53.3 1.52 454 4.54 4,54 0.80 232 £320% |
2450 52.7 1.95 4.18 4.18 4,18 0.79 1.80 £12.0%

< Frequency waioity above 300 MHz of = 100 MHZ coly aoplies for DASY w44 and higher (zee Pags 2), 9ise & is resincted to & S0 Mz, The
uncartainty 15 the RS of the Coovl usaTanty 3t calibration frequency and the uncestainty for the indicatad frequenty band, Frequency vaicity
betow 300 MHz is ¢ 10, 25, 40 50 andt 70 MHz for ConvF assessments at 30, 4. 126, 150 and 220 MHz respoctively. Above 5 GHz Ireguancy
validity can be axsenced 10 + 110 MHz

" A1 frequencies below 3 Gz, e validity of $330e paramaters (£ and «) can be relexed 10 = 102 It iquid comp formuls is appied 10
measured SAR values. At frequencies above 3 GHz, the valikily of ssus parameters (L and o) is reairicled 1o ¢ 5%, Tha uncenainty is the 7SS of
the Com uncerininty for indicated target issue parametars.

* Alpha/Degth are doloeminad during caltration, SPEAG warrants tat the remamng devialion due 10 the boundary effect after compensation i

Mysmm:mfm!:equmuewasmmums2%lahmmasms-esmumycsmmmmurmmm
dameter from she bourdary
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HCTCOLTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
ET30VE- SN:1605 April 27, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

ET3DVE- SN:1605 Apal 27, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCO,LTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
ET3DVEG- SN:1605 Apnil 27, 2016
Dynamic Range f(SARpeaq)
(TEM cell , fova= 1900 MH2)
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HCTCO,LTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
ET3DV6- SN-1605 April 27, 2015
Conversion Factor Assessment
f =835 MHz WGLS R® (H_convF) {= 1900 MHz WGLS R22 (H_convF)
13- 0 1
38— » 1
3 2 :-l' M
- $ | .
°°a 0 x = o £ w0 . S 13 ) lr:' t}“Ll ‘ .
O S =
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
-0 08 06 04 02 00 02 04 06 D38 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

ET30VE- SN180S Apnil 27, 2015

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

Other Probe Parameters )
Sensor Arrangement Tnangular
Connector Angle (7) I 887
“Mechanicat Surface Detsction Mode T enabled
{ Optical Surface Detaction Mode T |7 disabled |
“Probe Cverall | i.é?ig'&\ — e — 337 mm
“Probe Body Diameter == 10mm |
Tip Length t T {0mm |
Tip Drameder B8 mm
Probe Tip o Sensor X Calibration Point ‘ 27mm
{ Probe Tip to Sensor Y Calbration Point 27 mm |
"Probe Tip to Sensor Z Calibration Point 27 mm |
Recommended Measurement Distance from Surface | = 4 mm |
Certificate No: ET3-1608_Apri5 Page 11 of 11
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Zeaghausstrasse 43, 8004 Zurich, Switzeriand

HCTCOLTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
Calibration Laboratory of F Y, § Schweirerischer Kalibriordienst
Schmid & Partner S G Service suisse détatonnage
Engineering AG % g Servizio svizzero df taratura
N Swiss Calibration Service

Accredied by the Swess Accredilason Servies (SAS)
The Swiss Accreditation Scevice Is one of the signatories to the EA
Mutltilaternl Agreamant for the recognition of calibration certificates

Calbrution procodureds)

Calbraton cate:

This calration cenifcale doouments the iraceatsity 1o national standards, which reakze the ghysical unis of massurements {S1)
The maasuremens and the it protatuity are given on the 1ollawing pagis wnd are part of the caniicate,
Al caltwations have been conducted in the cosed lab y faciity: {22 2 3)°C and humidity < 70%
Calibeation Equapmeant ysed (MATE criical for catbration)

FPrmary Standard D Cal Date {Certificate No ) Scheduled Catbranon
Power meter E44188 OB41293874 01-Ape-15 (No. 217.02128) Mar-18

Power sensor EA412A MY&1488087 O1-Ape-15 (No. 217-02128) Mar-18

Red 3 dB Attenuator SN: 55064 (3c) O1.Agr-15 (No 217.02129) Mar-18

Ref 20 08 Anonuaion SN S5277 (20%) 01-Apr-15 (No_ 217-0213%) Mar-18

Ref 30 U8 Alenoalon SN 55129 (Mv) 01-Apr-15 {No. 217.02133) Mae- 16

Reh Probe ES3OVZ SN 3013 30-Dec-14 (No ES3-3013_Decid) Dec- 15

DAE4 SN 660 14Jan 15 (N0 DAEA-860_Jan15) Jan.18

Secondary Standards 1D Check Date [in house) Scheduled Chack

RF o HP B548C US3642001700 4-Aug-89 (In housa check Apr-13) In house check: Apr-18
N ek Analyzer HP 8753E USITIN0SES 18.0ct-01 [in house check Oct. 14) In house check: Oct-15
Calitirated by

Approved by:

This calbration cortf
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

Calibration Laboratory of

EARY N Schweaerischer Kalibriordienst
Schmid & Partner % g Barvios suises ditaloonsns
Engineering AG Lo g Servisio svizzaro ot taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 2":;;\\“\3; Swiss Calibration Sarvics
Accrediied by the Swiss Accreditution Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibeation certificates
Glossary:
TSL tissue simulating Bquid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
pce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
ABCD modulation depandent linearization parameters
Polarization ¢  rotation around probe axis
Polarzation 4 § rotation around an axis that & in the plane normal 1o probe axis (at measurement center),
e, §=0is normal to probe axis
Conneactor 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 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 1o 3 GHz)", February 2005

¢) IEC B2208-2, "Procedure to detarmine the Specific Absorption Rate (SAR) for wireless communication davices
used in close proximity o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMx,y.2 Assessed for E-field polarization § = 0 (f < 900 MHz in TEM-cel, f > 1800 MHz: R22 waveguide)
NORM.y.z are only intarmediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-fiold
uncertainty inside TSL (see below ConvF).

o NORM{Nx.y.z = NORMx.y,z * frequency._response (see Frequency Response Chart). This inearization is
implemented in DASY4 software varsions later than 4.2. The uncertainty of the frequency response i Includad
in the stated uncertainty of ConvF

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

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

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

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters appiied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMzx,y.z * ConvF whereby the uncertainty corresponds to that given for Conv, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz fo £ 100
MHz.

« Spherical Isotropy (3D deviation from isctropy}: in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

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

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX30V4 - SN:1883 August 27, 2015

Probe EX3DV4

SN:3863

Manufactured:  February 2, 2012
Calibrated: August 27, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX3DV4- SN.-3863 Auvgust Z7_ 2015

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

Basic Calibration Parameters

[ “Sensor X | Sansor Y , SensorZ | Unc (k=2
| Nom (uV/A(VIm)] 0.37 0.35 048 | 2101 % |
[ DCP (mV)” 101.9 | 103.9 | 989 B
Modulation Calibration Parameters o
uib Communication System Name A 8 c [ VR Unc"
dB daBVuv d8 mV (%=2)
) W X 0.0 0.0 10 | 000 | 1318 | 427%
- Y 0.0 00 1.0 1299 ||
Z| o0 | oo | 10 | 1264

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

* The uncenminiies of Noem X.Y.Z ¢o not affect the E*-Nek) uncenarty inside TSL (soe Pages 5 anc 8)
" Numencal benarzasion paramater: uncertainty not feguired
£ Uncurtanty is detenminad using the mas. di hon froem knaar

" Applyng rclanguinr Ssinbatan and m sapressed o (e squave of (he
feid value
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HCTCO,LTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
EX30V4- SN-3863 August 27,2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863
Calibration Parameter Determined in Head Tissue Simulating Media
Relative Conductivity Depth ™ Une
T(MHz)© | Permittivity” {sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 11.89 11.89 11.80 0.00 1.00 £133%
450 435 0.87 10.31 10.31 10.31 0.17 1.30 +133%
750 419 0.89 983 983 9.83 0.24 1.21 £120%
835 415 0.90 9.46 946 949 021t 1.30 +120%
900 415 0.87 8.28 0.28 9.28 0.26 1.11 +120%
1450 40.5 1.20 8.31 8 31 8.31 0156 1.81 +12.0%
1750 401 1.37 618 818 818 0.36 0.90 120 %
1800 400 1.40 784 7.84 784 0.21 1.07 £120%
1850 400 1.40 7.60 7.60 7.60 0.31 0.80 £120%
2450 392 1.80 7.04 7.04 704 0.27 0.98 +120%
2600 39.0 1.96 6.84 6.84 684 0.27 1.04 £12.0%
3500 379 20 8.77 8,77 6.77 0.38 1.06 £13.1%
5250 359 471 4.94 4.94 494 0.35 1.80 2131 %
5600 355 507 444 4.44 444 0.45 1.80 131 %
5750 354 522 4.65 4.65 465 045 1.80 £13.1%
“ Froquancy validiy above 300 MHz of 2 100 MHz anly applios for DASY wi 4 and highesr (see Page 2), eiss 1 is 1esircted ko + 50 MH2. Tha
uncengnty 15 the RSS of the ComvP uncertairity st calbrastion frequency and the uncenainty for the y hand. Froquency valdty
Detow 300 Mz is £ 10, 25, 40, 50 and 70 MHz for Conv sssesaments st 30, 64, 128, 1sowmmzmmw Above § Gz frequency
ahd!ywb-cnnndudm = 110 MHL
Al frequencies bolow 3 GMz, the valdity of tissue parameters (= and o) can be relaed 10 £ 10% If igua P L
measured SAR values. Al ¥egquencies above 3 GH2. the validity of fssue parumeters (¢ and a) i resiricled 1 & 5% !MMﬂvmmRSSd
lhc ConvF uncertanty for indicated tnrget tasue parameters
ure dunng SPEAG warrants T1al the remanng cevason due 10 the boundary offec after compensatian .
Sways 285 than + 1% for froquencios belew 3 GHz and helow = 2% for Mequencies batween 3-6 Gz &t any datance farger than half the probe Sp
dameter from the boundary
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HcTcot
FCC ID: ZNFK120F Issue Date: 01. 12, 2016
EX3DV4-- SN:3863 August 27, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863
Calibration Parameter Determined in Body Tissue Simulating Media
f (MHz) © P.M' °°'¢"’s¢'.‘n‘}"' - ConvF X | ConvFY | ConvFZ | Alpha® [mm)u (2:;)
150 651.9 0.80 11.68 11.68 11.68 0.00 100 | £133%
450 56,7 0.84 10.67 10.67 10.67 0.10 120 | +133%
750 55.5 0.96 9.76 9.76 9.76 0.25 116 | £120%
835 55.2 0.87 9.40 9.40 9.40 0.23 144 | £120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +120%
1800 533 1.52 7.48 7.48 7.48 0.39 080 | £120%
2450 52.7 1.95 7.11 7.1 7.1 0.31 080 | £120%
2600 525 216 6.97 6.97 6.97 0.23 080 | £120%
5250 489 5.36 444 4.44 4.44 0.40 190 | £13.1% |
5600 485 5.77 a7 377 3.77 0.50 190 | £131%
5750 48.3 594 4.08 4.08 4.08 0.50 1.90 £131%

* Froquency validity stiove 300 MMz of 3 100 Mhz anty sppies for DASY v4.4 and highes (see Page 2), else # i restricted (o £ 50 MMz The
uncensnty i the RSS of the Coov uncantainty at calbration frequency and the
below 300 MH2 (s + 10, 25, 40, 50 and 70 Mz for Conv- aasessments at 30, 64, 128, 150 and 220 MHZ respectively. Abowe 5 GHz equency

valdty can be exiended o = 110 M

for the ndicaied equency band Fraguency valdy

" Al frequencies below 3 GHZ, The vattity of tissoe paramotens (¢ 80d ) can be relaed 1o 2 10% If liquid compensation formula is appled 1o

measures SAR values. Al frequencies above 3 Gz, the validity of Sssue parameters (v and =) is restricted 10 # 5% The uncertanty is the RSS of

the ConvF uncertainty for indicaled turget tesue porameters.

Y Alpha/Depth are determined dutiog callbraton. SPEAG wamants that the remaning devaion dus 10 the b
egs than 1 1% for Srequercies bilow 3 GHz and below £ 2% for frequencies between 3-6 GHz ot any datance iarger than had the prabe

diameter from he Doundary
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HCTCO,LTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
EX30OVA-. SN:3863 August 27, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15

144
~ 134
o
g 12 1
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2 114
o 104 . + . |
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4
<. 094 ‘
g |
S 084 '
B |
e |
' 07 1 |

06+

D\,,.....A.L.L..‘l 4 4 1

0 500 1000 1500 2000 2500 3000
f [MHz]
rEw >
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX30V4- SN.3863

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
:;‘ :’94!-a‘,‘_.“.‘.;._.;_5929'3_1 ..e;ig_s.:_;.‘,‘..‘ &
E !

Rl [7]

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificate No: EX3-3863_Augts Page 8of 11
Report No HCT CO., LTD.
p ' 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 110 of 175
HCT-A-1601-F004

TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCOLTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
EX30DV4- SN:3B63 August 27, 2015
Dynamic Range f(SARcaa)
(TEM cell , fouu= 1900 MHz)
10 5
’
e 103 .
E L
10 »
-( ) - -
o0 10 10 10 10 O C
SAR [mW/cm3)
2] 9
not compensated compensated
1
8
a0 D R s S S G s H S o er et
ui
.._»- 103 101 T fi’ - o 100
SAR [mW/em3]
o | L]
not compensatea COMPAnSItec
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK120F Issue Date: 01. 12, 2016
EX30V4- SN 3863 August 27, 2018
Conversion Factor Assessment
f= B35 MHz. WGLS RS (H_conv) = 1900 MHz WGLS R22 (H_comF)
i\ =t
\ !
1) z »l
é £ |
« 3™
g T3 I T
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
10 <08 08 04 02 00 0A2 a4 [+X] og 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX30V4- SN:3863 August 27, 2015

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

Other Probe Parameters

Sensor Arrangement “Trangular |
| Connector Angle (*) | 1053 |
| Mechanical Surface Detection Mode T enabled |

Opticai Surface Detection Mode disabled
| Probe Overall Length | 337 mm
[Probe Body Diameter 10 mm
[ Tip Length o N amm |
| Tip Diamater o 25 mm
| Probe Tip to Sensor X Calibration Point 1 mm
|Probe Tip to Sensor Y Calibration Point Tmm |

Probe Tnﬁ'lb'vSénsof Z Calibration Point 1t mm |
“Recommended Measurement Distance from Surface T4 mm |
Certificate No, EX3-3863_Aug15 Page 11 of 11
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cliet  HCT (Dymstec) Cortificase No: EX3-3903_Sep15

CALIBRATION CERTIFICATE

Obyoct EX3DV4 - SN:3903

Casbraticn procedureis) QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibraton date September 28, 2015

Thin calitration cortificale docurments e by ety o nationgs s, which roaize the phy | ursts of {8

The messursments and the uncetantion with confidence probabiity are grven on the Salowing pages and are part of the coficate

Al 7 hove been n e closed aboratory faciity: envionment tempecuturs (22 = 31°C and humidry < TU%

Catbeution Eqgupment used (MBTE critical for caliration)

Primery Standaccs 0 Cal Dato (Canficass No.j Schedued Caltvaton
Power matw E44168 GB41202874 0L ADe-15 (No. 297-02128) Mar-18
Power sensor E44 12A MYA1488087 | 03-Ape-15 (No. 217-02136) Mar-16
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Referance Probe E530V2 SN 213 30.Dec-14 (No. E53-3013_Decid) Dec-15
DAE4 SN 860 14-Jan-15 (No. DAE4-650_Jani5) v 10
Seconanry Standards 0 Check Date (in house) Scowauied Chock
| RF ganeator 17 86480 US3842U01700 £-7ug 99 (n house check Apr-13) 1n house check: Apr-16
‘ Anelyzer P BT5IE | US37300585 18-0c4-01 (i house check Oct-14) W housa check: Oct-15

Name Function Sgneture
: Eiveoug Latioratory Techniokan < el :
Apsroved by Kot Pokonc Tochevca) Manager M_
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FCC ID: ZNFK120F Issue Date: 01.12, 2016

Calibration Laboratory of X, Belioohebitichis Kallhctens

S
Schmid & Partner =z Service sulvse Tétalonnage
Engineering AG % g Servizio svizzero di taratura
Zeughausstrasso 43, 8004 Zurich, Switaerland Swiss Calibration Service

Accreditnd by the Swass Accroditation Seevica [SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttitateral Agreement for the recognition of calitiration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sansitivity in TSL / NORMx,y .z

DCcP diode com point

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

ABCD modulation dependent linearization parametsrs

Potarization ¢ o rotation around probe axis

Polarnization 8 4 rotation around an axis that is in the plane normal 1o probe axis (at maasurament center),
Le., § = 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 Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013

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

¢} IEC 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wireless commumication devices
used In close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

d) KDB B65664, “SAR Measurement Raquirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

«  NORMYx,y.z- Assessed for E-field potarization 8§ = 0 (f < 800 MHz in TEM-cell, f > 1800 MHz: R22 waveguide]
NORMx.y.2 are only intermediate values, e, the uncertainties of NORMx.y.2 does not aftect the E”™-field
uncertainty inside TSL (see below ConvF).

o NORM(f)xy.z = NORMx.y.z * frequency_response (see Fraquency Response Char). This linearzation is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

e  DCPx.y.z DCP are numerical linearization parsmeters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depernd 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 Bxy.z Cxy.z Oxyx VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power swoep for specific modulation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
moasurements for f > 800 MHz. The same sslups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncenainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMSY,y.z * ConvF wheraby 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

o Spherical isotropy (30 deviation from isotropy): in a field of low gradients reafized using a fiat phantom
exposed by a patch antenna,

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

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

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX3DVA- §N:390% Saptember 28, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y “Sensor Z Une (k=2)
Norm (uV/(Vim)')" 041 0.36 056 +101 %
[ DCP (mV)" ] 1037 108.6 | 994
Modulation Calibration Parameters
[Uio [ Communication System Name A B c ‘ D VR Unc: |
: ! a8 | dBVWY | | 98 | mv | (=2) |
0 oW x| o0 0.0 1.0 000 | 1452 | 27% |
’ Y 0.0 0.0 1.0 1344 |
| 1z 0.0 0.0 1.0 1436 |

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

probability of approximately 95%.

A The uncenainties of Norm X.Y.Z2 do not affedt the E* fieig uncentainty inskie TSL (see Pages S and 8)

" Numesical Ineanzation parameter: uncertainty not required
' Uncertainty Is detarmined using the max. deviabon from inear response apphying rectanguiar dairiduicn and Is oxprossed fof the squive of the

fleld vaive
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HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EX30VA- SN 3903 September 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth ® Unc

1(MHz)© | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
835 a1.5 0.90 084 9.84 9.84 0.20 1.58 £120%
200 41.5 0.97 9.88 9.68 9.68 0.22 1.40 £120 %
1450 405 1.20 8.25 B.25 8.25 0.17 155 | £120%
1750 40.1 1.37 B.29 8.29 8.29 0.37 0.80 +12.0%
1800 40.0 1.40 8.03 8.03 8.03 0.37 080 | £120%
1850 40.0 1.40 7.84 7.84 7.84 0.33 0.88 $120%
2300 395 1.67 7.69 7.69 7.69 035 0.83 +120%
2450 39.2 1.80 7.35 7.36 7.35 0.42 0.80 +12.0 %
2600 39.0 1.96 7.09 7.09 7.09 0.26 | 113 +120%
5200 36.0 4.66 5.28 5.28 5.28 0.40 1.80 £13.1%
5300 35.9 4.76 5.08 5.08 5.08 0.40 1.80 +131%
5500 356 496 49 491 4.9 0.40 1.80 £13.1%
5800 358 5.07 4.70 470 4.70 0.45 180 | 2131%
5800 353 527 4.60 4.60 4.60 045 1.80 +131%

"qumyvlhddylmlmmtzdtlooMNanthruASYu.Amm(uoPm?).dul-mmci-dlotwmz The
umumoRSSdtr-CvaMmu%mﬁwywmmmmmnmmmfmmymnv
Detow 300 MHz 15 + 10, 25, 40. 50 and 70 MHz tor Cor assessments ot 30, 64, 126, 150 and 220 MMz respectively. Above 5 GHz trequency
val<iay can be extended 10 & 110 MHx

' Al froquentses below 3 Gz, the vaidty of tssue parameters (& and o) can be relaxed to ¢ 10% I lquid comporaaton formula is applec 10
monsured SAR vilues. AL frequencies above 3 GHz, Ihe valicity of 15sus parmmoters (c and o) i resinctad 1o t 5%. The uncertanty o the RSS of
PmeluMmlmwm

pth are determined during calbration SFEAG that thve g dey v duo 10 the boundary efinct aflar COMBBNsSaton &
#ways lass than & 1% for freguencies below 3 GHz and below & 2% for frequancies betwesn 3-6 GHz ot any distance larger than hall the probe tp
damatar trom the boundary
Cartificate No: EX3-3903_Sep15 Page Sof 11
Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 118 of 175
HCT-A-1601-F004 TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

EXIDV4- SN:3903 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 {MHz) € p.“..:m,' °°‘I$.‘n°§'-'"' ConvF X | ConvF Y [ ConvF Z | Alpha* ' °{..".'.."f (2-":) |
835 55.2 0.97 10.05 1005 | 1005 023 1.29 £120%
1750 534 1.49 7.94 7.94 7.94 0.39 0.85 £12.0%
1800 53.3 1.52 7.72 7.72 772 0.34 0.87 £120%
2300 52.9 1.81 1.57 7.57 7.57 0.42 080 | £120%
2450 62.7 1.95 7.38 7.38 7.38 0.31 0.95 +120%
2800 52.5 2.16 7.22 7.22 7.22 0.22 0.95 $120%
5200 49.0 5.30 457 457 457 | 050 1.90 +13.1%
5300 48.9 542 442 4.42 442 0.50 1.90 +13.1%
5500 | 486 5.65 388 3.88 3.88 060 | 180 | £131% |
5600 485 5.77 374 374 3.74 0.60 1.50 £ 131 %
5800 482 6.00 4.05 4.05 4,05 0.60 1.90 $131%

“meqummmmas1mmummvamvuawnqw(mmzy.oaunsx-mu.om:somu Trw
uncmmkyilmmsdemmnwmmmemylummﬁwm Fraguency validity
bolow 300 MHz is £ 10, 25, 40. 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MMz respectively Above 5 GHz frequency
vafidity con be oxiendod to £ 110 MHz
'Anuqumaubebwaobumnvmtydtmnp-mu(zwn)mhudmdloxtwummmmm-wwm
measured SAR values Allnqu-mumlﬁm.mmuwdhmwmmqamc)ncmsz% The uncortainty is the RSS of
{he ComvF uncertainty for indicated target Isaue porametors

" Alpha!Deplh are ined dunng SPEAG that the remaning dewaton dus 10 the dary effect aller camp '

Mhnmm:kahwodanGHxnmmtnhvhwmm}GGmnmdmmuwmmmumum
diameter from the boundany
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HCTCOLTD
FCC ID: ZNFK120F Issue Date: 01.12, 2016
EXADVae- SN-3903 September 28, 20156
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncortainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN.2903

Saptombeor 28, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EXADV4-~ SN3903 Seplember 24, 2015
Dynamic Range f(SARpead)
(TEM cell , fouu= 1900 MH2)
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Uncertainty of Lingarity Assessment: £ 0,.6% (k=2)
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EX30V4- SN-2903 Septomber 28, 2015

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_comvF) f = 1900 MMz, WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30VAa- SN:36803 September 26, 2015

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

Other Probe Parameters

| Sensor Arrangement | “Trangular

| Connector Angle () S I 332

[ Mechanical Surface Detaction Mode - | enabled

| Optical Surface Detection Mode - disabled |

| Probe Overall Length S T 337 mm |
Probe Body Diameter == 10 mm |

| Tip Length - S T amm
Tip Diameder 1 25mm
Probe Tip to Sensor X Calibration Point Tmm |

Probe Tip 1o Sensor Y Calibration Point l\ 1Tmm
Probe Tip to Sensor Z Calibration Pomit 1mm
“Recommended Measurement Distance from Surface 14mm
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Attachment 4. — Dipole Calibration Data
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FCC ID: ZNFK120F Issue Date: 01.12, 2016
Calibration Laboratory of S, S Schwelzerischer Kalibrs
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG b Servizio svizzero di tarstura
Zeughausstrasse 43, B004 Zurich, Switzerland %Y ,”/I“?l\\s’ S Swiss Calibration Service
Accredied by the Swiss Accreditation Servioe (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signalaries to the EA
Multilatera Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Certificate No: D750V3-1014_Jul15
|CALIBRATION CERTIFICATE
|
Object D750V3 - SN: 1014
Calibration procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Cahbration date July 23, 2015

This caliration certificate documerits the tracaabiity 10 national standards, which realize the physical units of measurements {51)
The measurements and tho unconainties with conlidence probabiity are given on the folowing peges and am part of the canilicate

AN clibrations have been conductad i the closed labaorutory tacilty: environment temperatura (22 4 3)°C and humadity < 70%.

Caliiention Equipmant used (M&TE crincal for caltiration)

Primory Standords ID# Cal Date (Certficasm No.) Schedued Caltration
{ Power mater EPM.442A GHIT480704 07-0c2-14 (No. 21702020} Oct-15

Power sensce HP B401A US37292783 07-Oct-14 (No. 217-02020) 0a15

Power 5ansor HE BAB1A MY41062317 07-Oct-14 (N, 217-02021) 0a15

Referance 20 d8 Attenuator N: 5058 (20) 01-Ape-15 (No. 217-02131) M6

Type-N mesmatch combinabion SN: 50472/ 08327 01-Ape-15 (No. 217-02134) Maot-16

Ralurence Probe ES3IOVE [ SN 3205 30-Dec-14 (No, ES3-3205_Dectd) Dec-156

DAEA | 8 6o 18-Aug-14 (No. DAES-801_Augt4) Aug-15

Secondary Standaros e Check Date (in houso) Schediuted Check

AF gonerator RSS SMT-06 100005 04-Aug-9 (in Nouse check Oct-13) In houss check: Oct-16

Metwork Analyzer HP B753E USI7I00685 S4206  18-Oct0 (n house check Oct-14) In house check: Oct15

Name Function Sqpghyr
Calibrated by Michaol Wober Laboratary Technician mj.
Approved by Katja Pokovic Technical Manager

Issued: July 23, 2015

Thes calibeation can mmmmq&wmwmmmﬂmmwmmm
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Calibration Laboratory of

Schweizerischer Kalibrierdienst

Schmid & Partner Service sulsse @ étalonnage
Engineering AG Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibeation Service

Accradiied by the Swiss Accreditation Sorvico (SAS) Accreditation No.: SCS 0108

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

Multiloternd Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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 o a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not giver on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The folowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C “e 0.88 mho/m
Measured Head TSL parameters (220+02)"C 25:6% 0.90 mho/m = 6 %
Head TSL temperature change during test <05°C - ——
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW input power 2.05 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.15 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Hoad TSL condition
SAR measurad 250 mW input power 1.34 Whg
SAR for nominal Head TSL parametgrs normalized to 1TW 5.33 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 555 0.96 mho/m
Measured Body TSL parameters {220=02)°C 551+6% 0,98 mho/m + 6 %
Body TSL temperature change during test <05°C — —_—
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 216 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.49 W/kg £ 17.0 % (ka2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input powat 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.60 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformead to feed point 539Q+17Q
Rotum Loss -278d8B

Antenna Parameters with Body TSL

Impedancs, transformed 1o feed point 4810130
Asturn Loss -36.04dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) I 1.036 ns ]

After long tarm 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 connacted to the
second arm of the dipole. The antenna ia therafore short-circulted for DC-signals. On some of the dipoles. small end caps
are added to the dipole arms in order 1o improve matching when loaded according to the position as explainad in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according fo the Standard

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

Additional EUT Data

Manutactured by SPEAG
Marutactured on March 22, 2010
Certificate Na: D750V3-1014_Juts Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1014

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

Medium parumeters used: = 750 MHz; a = 0.9 S/m; & = 42.5; p = 1000 kg/m’
Phantom section: Flat Secuon

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

DASYS52 Conliguration:
« Probe: ES3DV3 - SN3205; ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
o Secnsor-Surface: 3mm (Mechamical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 100]

« DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 33.32 V/im; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.05 W/kg

SAR(1 g) = 2,05 W/kg; SAR(10 g) = 1L.34 W/kg

Maximum value of SAR (measured) = 2.40 W/kg

dB
0

-2.00
-4.00
-6.00

-10.00

0 dB = 2.40 W/kg = 3.80 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 23.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V3 - SN: 1014

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

Medium parameters used: f = 750 MHz: o = 0.98 S/m: £ = 55.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6.21, 6.21); Calibrated: 30,12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 18.08.2014
e Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

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

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=Smm

Reference Value = 52,42 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.15 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Maximum value of SAR (measured) = 2.51 Wikg

-2.00
-4.00
-6.00

-10.00

0dB =251 Wikg=4,00dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner % g Service suisse d'étalonnage
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Accredited by the Swiss Accreditation Service (SAS)
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Multilateral Ag
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Accreditation No.. SCS 0108

Certificate No: D835V2-441_Jan15

CALIBRATION CERTIFICATE

Otpact

Calibration procedure(s)

CaSbration date

DB35V2 - SN: 441

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz.

January 23, 2015

Calvraton Equipment used (METE critical far casbration)

This caltiration cenificate documents the traceadiity to national standards, which realze the physical units of measurements (S1),
The measuremants and ihe uncedalnties with confidence probability are given on the followng pages and are part of the cenificate

All colibrations have been conducted in the closed labormtory laciity. anvironment tempenature (22 2 3)°C and humidity < 70%.

Primary S 1D ¥ Cal Date (Cemficats No.) Scheduled Calibeation
Power meter EPM-4424 GBE37480704 070Oct+14 (No, 217-02020) Oc-18
Powar sansor HF B481A US37202783 07-0Oct-14 (No. 217-02020) Qet-15
Powar sensor HP 8481A MY41082317 O70ct-14 (No. 217-02021) Oal-18
Foteronce 20 dB Atterustor SN: 5058 (20k) 03-Apr-14 (No. 217-01618) Ape-15
Type-N mismatch combinatian SN: 5047.2 / 08327 03-Apr-14 (No, 217-01821) Ape-156
Hoteronce Probe ES30VI SN 3205 30-Dac-14 (No. ES3-3205_Dect4) Dec-15
DAE4 SN 601 18-Aug-14 (No. DAE4.601_Augt4) Aug-18
Saecondary Standards iD# Check Date (in house) Schoduled Check
AF generator RES SMT-06 100005 04-Aug-99 (in house chack Oct-13) In housa check: Oct-16
Notwork Analyzer HP 8753E US37300585 S4206 18-0ct-01 (In house chock Oct-14) In house check: Oct-15
Nameo Function
Calbrated by Michaet Wabar Laboratory Technan ? M
' 0
Approved by Katla Pokovic Technical Manage:

e

issued: January 26, 2015

thmulttnwncwncmMnmuvegoomaowmkmmmmwmmnmlmmy
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Calibration Laboratory of

Schweizarischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zoughausstrasse 43, B004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accredation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant 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 GHz2)",
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:

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 415 0.90 mho/m
Measured Head TSL parameters (22020.2)°C 41526% 0.93 mho/m = 6 %
Head TSL temperature change during test <05°C —ee- ——
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.96 Wikg
SAR for nominal Head TSL parameters normalzed to 1W 8.21 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR measured 250 mW input pawer 1.54 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 6.04 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 552 0.97 mho/m
Measurad Body TSL parameters (22.0=02)"C 558+6% 1.01 mho/m 26 %
Body TSL temperature change during test <05°C — —~
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,40 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.34 W/ikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.14 W/kg = 16.5 % (k=2)
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Report No. HCT CO., LTD.

HCT-A-1601-F004

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA
TEL: +82 31 645 6300

136 of 175

FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 51.7Q-10Q
Retum Loss -3404dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 472Q-271Q
Return Loss -27084d8

General Antenna Parameters and Design

| Electrical Detay (one diraction) | 1.369 ns

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

The dipole is made of standard semirigid coaxlal cable. The center conductor of the feeding line is directly connected to the
sacond am of the dipole, The antenna is therefore shont-circulted for DC-signals, On some of the dipoles, small end caps
are added to the dipole arms in order 10 imprave matching when loaded according to the position as explained in the
"Measurament Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length s still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 08, 2001

Certificate No: DB35V2-441_Jan15 Page 40l B

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 137 of 175
HCT-A-1601-F004 TEL: +82 31 645 6300 FAX: +82 31 645 6401

Report No.



HCTCO,LTD

FCC ID: ZNFK120F Issue Date: 01.12, 2016

DASYS5 Validation Report for Head TSL

Date: 22.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 441

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

Medium parameters used: { = 835 MHz; o = 0.93 S/m; & = 41.5; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

» DASY5252.8.8(1222); SEMCAD X 14.6.1(N7331)

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 = 56.43 V/im; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.49 W/kg

SAR(1 g) = 2.36 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2,76 Wikg

d8
0

-2.40
-4.80
-7.20

-9.60

-12.00

0dB =276 Wikg =441 dBW/kg

Certificate No: DB3aSV2-441_Jan15 Page 5ol B

HCT CO,, LTD.

Report No. . . . . .
p 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 138 of 175

HCT-A-1601-F004 TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD

FCC ID:

ZNFK120F

Issue Date:

01

.12, 2016

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

Date: 23.01.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

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

Medium parameters used: { = 835 MHz; o = 1.01 S/m; & = 35.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 352 Configuration:
o  Probe: ES3DV3 - SN3205: ConvE(6.17, 6,17, 6.17); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASYS252.8.8(1222), SEMCAD X 14.6,10(7331)

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

Reference Value = 54.59 V/m; Power Drift = -0.02 dB

Peak SAR (extrapoluted) = 3.53 Wikg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = 157 W/kg

Maximum value of SAR (measured) = 2.80 W/kg

dB8
0

-2.40
-4.80
-7.20

-9.60

-12.00

0dB =280 W/kg =447 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradied by the Swiss Accredaaton Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

ciient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D1800V2-2d007 Feb15

CALIBRATION CERTIFICATE

Obyject D1800V2 - SN: 2d007
Calibration procodursis) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Calibeation date: February 19, 2015

This cailbeation cenficate documents the tracaabiity to national standards, which realize the physical units of measuremaents (S1)
The meas. e and the ur with conlidence probability are given on the following pages and ato part of the cortificate

All caldrabions have been conducted in the closod lab

y laclity: ton 20 (22 £ 3)'C and humidity < 70%,

Calibention Equipmant used (MATE critical for calibration)

Thas calibration certificate shall not be reproduced except in full without written approval of the laboratory

Primary Standards =L Cal Date (Cantilicste No.) Scheduled Calibration
Power meter EPM-442A GE3I7480704 07-0c3-14 (No, 217-02020) Oct-15
Powar sensor HP 8481A US37292783 07:0c1-14 (No. 217-02020) Oct15
Power sansor HP B481A MYA1082317 07-0ct-14 (No. 217-02021) Oct-15
Rafsrance 20 48 Attenuator SN: 5058 (20x) 03-Apr-14 (No. 217-01016) Apr-15
Typa-N mismatch combinabon SN: 5047 2/ 06327 03-Apr-14 (No. 217-01821) Apr-1s
Feterance Probe ESIOVS SN: 3205 30-Dec-14 (No. ES3-3205_Dect4) Dec-15
DAE4 SN &0 16-Aug-14 (No. DAEA-60T_Aug14) Aug-15
Secondary Standards 1D # Check Date (In houss} Scheduled Check
RF ganecator HAS SMT-06 100004 04-Aug-29 (In house check Oct-13) In house check: Oct-16
Notwork Anatyzar MP 8753 USI7300588 52200 18-Oct-01 [in house check Oct-14) In house check: Oct-15
Name Funceon
Caitbrated by: Michael Webar Laboentory Techmcian
iy A a
Approved by Katjn Pokovic Technical Manager W

Issuved: February 20, 2015

Certificate No: D1800V2-2a007_Feb15
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Calibration Laboratory of &"\—.Z

& o G  Schweizerischer Kalibciordk
Schmid & Partner % c Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland %, ,fr’\}‘\,.v' S Swiss Calibeation Service
Accrediled by the Swiss Accredaation Semice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral 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) |EEE Std 1528-2013, "IEEE Recommended Practice lor Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 Systermn Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

» 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 resuit.

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%.
Cortficate No: D1800V2-2d007_Feb1s Page20f8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5S V5288
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 caiculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220+02)°C 387+6% 1.44 mho/m £ 6 %
Head TSL temperature change during test <0D5°C o -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Candition
SAR measured 250 mW input power 9.82 Wiy
SAH for nominal Head TS parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measurad 250 mW input power 512 Whg
SAR for nominal Head TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL paramoters 220'C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 51.726% 1.53 mho/m 26 %
Body TSL temperature change during test <0S5'C e -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SARA measured 250 mW input power 9.67 Wikg
SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAA measured 250 mW input power 510 Wkg
SAH for nominal Body TSL parameters normatized to TW 20.3 Wikg = 16.5 % (k=2)
Ceificate No: D1800V2-2d007_Feb15 Page 3ol 8
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 4730Q-69Q
Return Loss -224dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 4390-71 0
Aetumn Loss -20.04d8

General Antenna Parameters and Design

[ Electrical Delay (one direction) I 1204 ns J

After long term use with 100W radiated power, only a siight 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
sscond am of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according 1o the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole langth is st
according to the Standard.

No excessive {orce must be appliad to the dipole arms, becausa they might bend or the soldered connections near the
feadpoint may be damagad.

Additional EUT Data

Manutacturad by SPEAG
Manufactured on July 23, 2001
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DASYS5 Validation Report for Head TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1S00V2 - SN: 2d007

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

Medium parameters used: { = 1800 MHz; o = 1.44 S/m; g = 38.7: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe; ES3DV3 - SN3205: ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2014,
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

« DASYS5252.8.8(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=Smm, dy=3mm, dz=5mm

Reference Value = 95.45 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/ikg

SAR(1 g) = 9.82 W/kg: SAR(10 g) =5.12 W/kg

Maximum value of SAR (measured) = 12.4 W/kg

-4.00
-8.00
-12.00
-16.00

-20.00

0dB =124 W/kg = 1093 dBW/kg
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Impedance Measurement Plot for Head TSL

19 Feb 2015 14:29:46
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DASYS5 Validation Report for Body TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS0O0V2; Serial: D1800V2 - SN: 2d007

Communication System: UID 0 - CW; Frequency: [800 MHz

Medium parumeters used: f= 1800 MHz: o = 1.53 S/m; & = 51.7: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration
« Probe: ES3DV3 - SN3205; ConvF(4.77, 4.77, 4.77): Calibrated: 30.12.2014,
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.03.2014
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASYS5252.8.8(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 = 93.07 V/m; Power Drift =001 dB

Peak SAR (extrapolated) = 16.9 Wikg

SAR(1 g) = 9.67 W/kg; SAR(10 g) = 5.1 W/ke

Maximum value of SAR (measured) = 12.1 W/kg

dB
0

-3.80
-71.60
-11.40

-16.20

-19.00

0dB = 12.1 W/kg = 10.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of .&@9} G Schweizerischer Kalibrierdienst
Schmid & Partner % c Service sulsse d'étalonnage

Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand % ,‘ﬁ‘\y’ S Swiss Calibration Service
Accradited by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of callibration certificates
cient  HCT (Dymstec) Certificate No: D1900V2-5d032_May15
Otject D1900V2 - SN: 5d032
Calibration procodure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Calibeation date May 20, 2015
This calbration cerilicate documents the traceability to national standards, which raalize the physical units of measuramants (1)
The measisenents and the uncenaintios with confidance probability are given on tha Inllowing poges and ane pan of the comficale
Al calibrations have been conducted in the closed laboratory facilty, emvironment tempetatiare (22 « 35°C wnd humidity < 70%
Caltration Equipment used (MATE grtical for calibration)
Primary Standards lio# Cal Date iCoriificuts No ) Scheduled Calbration
Pawer metar EPM-442A | GB37480704 07-0ct-14 (No. 217-02020) Q15
Pawer sansor HP 84814 us3raeemas 07-0ct-14 (No, 217-02020) Oct-15
Power sensor HP 8481A MY41082317 07-0ct-14 (No, 217-02021) Qo158
Aelorence 20 dB Atlanuator SN: 5068 (20k) 01-Apt-15 (No. 217-02131) Mar-16
Type-N mismatch combinabon SN. 50472/ 06227 01-Apr-15 (Mo 217-02134) Mar16
Refarance Probe ESSDV3 | SN 3206 30-Dec-14 (No. ES3-3205 _Dac14) Deoc-15
DAE4 | s a0t 18-Aug-14 (No. DAE4601_Augt4) Aug1%
Saecondary Standisrds iDs Check Date (in house) Scheduled Check
AF generator RAS SMT-08 160005 D4-Aug-98 (in house check Oct-13) Ih house check: Oct-18
Neotwork Anatyzer HP 8753E USI7I00508 54208  18-Oct-01 (In house check Oct-14) in house check: Oct-15
Name Function Signature
Calitented by Lait Kiysnor Labaratary Techniclan W ¢
Approved by Katia Pokowic Technical Manager Wé
tssusc: May 20, 2015
This calibration cerdificate shall not be reproduced axcept i Tull without written approval of the laboratory
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Calibration Laboratory of

N,
y SN 7 Schweizerischer Kallbrierdienst
Schmid & Partner = Service suisse d'étalonnage
Engineering AG o Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland “, ,,?'\}\‘y} Swiss Calibration Service
AT T
Accrodtied 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 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.

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

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

« 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%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Froquency 1900 MHz = 1 MH2
Head TSL parameters
The following parameters and cakulations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)°C 3B96% 1.37 mho/m 2 6 %
Head TSL temperature change during test <05°C —e- —ees
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAHR measured

250 mW input power

102 Wikg

SAR for nominal Head TSL parameters

normakized to 1W

41.1 Wikg £ 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

normalized to 1W

21.4 Wikg = 16.5 % (ks2)

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 Coadition
SAR measured 250 mW Input power 10.2 Wig
SAR for nominal Body TSL parameters normalized 10 1W 40,9 W/kg = 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)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 513Q+520
Retum Loss -2550d8

Antenna Parameters with Body TSL

Impadance, transformed to feed point 474043550
Ratum Loss -24.2d8B

General Antenna Parameters and Design

| Etectricas Detay (one direction) | 1.195 ns ]

Aftar 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 &5 directly connacted to the
second arm of the dipole. The antenra is therefore shart-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 thay might bend or the soidered connections near the
feadpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manulactured on March 17, 2003
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DASYS5 Validation Report for Head TSL

Date: 20,05.2015
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: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration
« Probe: ES3DV3 - SN3203; ConvFi(3. 3, 5); Calibrated: 30.12.2014;
» Sensor-Surface: 3Imm (Mechanical Surface Detection)
» Electronics: DAES Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Vilue = 99.00 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(1 g) = 10.2 W/kg: SAR(10 g) =5.33 W/kg

Maximum value of SAR (measuored) = 12.7 W/kg

a8
0

-3.60
-7.20
-10.80
-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg
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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, 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 = 1.51 S/m; & =52.7; p = 1000 kg/m"
Phantom section; Flat Section

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

DASY32 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4,65); Calibrated: 30.12.2014;
e Sensor-Surface: Imm (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=5mm, dy=5Smm, dz=5mm
Reference Value = 96.54 V/m; Power Drift =0.01 dB
Peak SAR (extrapolated) = 17.3 W/kg

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

-3.80
-71.60
-11.40

-15.20

0dB = 12.8 W/kg = 11.07 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schwelzerischer Kalibrierdienst
Schmid & Partner % S Service sulsse d'étalonnage
Engineering AG e C  servisio svizzero di tarsturs

Zeughaussirasse 43, 8004 Zurich, Switrerland N S Swiss Calibration Service
Accroditod by the Swiss Accreditaion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatorios to the EA

Multiiateral Agr for the gnition of calibration certificates

ciemt HCT (Dymstec) Certificats No: D2450V2-743_May15
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 743

Calibention procackira(s) QA CAL-05,v9

Cadbration dute: May 19, 2015

Tha moan s and the uncertainies with cordl

Calibratian Equipment used (MATE critical for caibration)

Calibration procedurea for dipote validation kits above 700 MH2z

This callbration cerificals documeants the trnceability 10 national standaros, which raalize ihe physical unils of measurements S,
probebiity are given on the folowing pages and are past of the cortiticate

Al calibrations have basn conducted in the closed tsboratary faclity: emviconment temparature (22 & 31°C and humidity < 70%

This calibeaton cedificate shall not be reproduced except In Tull witheut witten aporoval of the laboratory

Primary Standards [io# Cal Date (Carlificats No.) Scheduled Callrtion

Pawar meter EPM-242A | cBaz4a0704 07-Oct-14 (No, 217-02020) Oct-15

Powar sensor HP 84814 US37292783 07-Oct-14 (No. 217-02020) Oct-15

Powur sansor HP BABIA MY41082317 07-Oct-14 (No. 21702021) Oct-15

feterence 20 dB Attemiator SN: 5058 (20%) 01-Apr-15 (Na. 217-02131) Mar-16

Type-N mismaich combination | SN: 5047 2/ 06327 01-Apr-15 (No. 217-02134) Mar-18

Raferance Probo ESIDVI SN- 3205 30-Doc-14 (No. E33-3205_Dect4) Dec-18

DAE4 SN 801 18-Aug-14 {No. DAE4-601_Aug14) Aug-15

Secondary Standards [we Cheok Dase (in houne) Scheduled Check

AF gonorator RES SMT-06 ||moos 04-Aug-98 (in house chack Oct-13) Ih house ¢heck: Oct-16

Matwrck Antatyzer HP B753€ | 1837290585 S4206  18-Oct-01 (in house chack Oct-14) In house check: Oct-15
Name Function Sign

Calibrated ty: Michas| Webee Laboratory Tachnicinn %

.
Approved by Katja Pokovic Techaical Maneges

e

Issued: May 0. 2015

Certfficate No: D2450V2-743_May15 Page 1 of 8

Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 158 of 175

HCT-A-1601-F004 TEL: +82 31 645 6300 FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFK120F

Issue Date: 01.12, 2016
Calibration Laboratory of L. Schweizerischer Kalibrierdienst
Schmid & Partner % S Service suisse d'dtatonnage
Engineering AG e C  servisio svizzaro di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘«4,,?&,,@ S Swiss Calibration Service
Accradited by the Swiss Accreditation Secvice (SAS) Accredination No.: SCS 0108

The Swiss Accreditation Service in 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) |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-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:

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

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

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

 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

Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gll Majang-myeon Icheon-si Gyeonggl-do 17383 Rep of KOREA 9 of 17
f f i f K E 15 175



HCTCO,LTD

FCC ID: ZNFK120F

Issue Date: 01.12, 2016
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 =S 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 352 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 -
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 perametsrs normalized 1o 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 1.95 mho/m
Measured Body TSL parameters (220=202)"C 507 6% 203mho/m+6 %
Body TSL temperature change during test «05°C eee -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Whag
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
SAH measured 250 mW input powsr 6.20 Whg
SAR tor nominal Body TSL parameters normalized to 1W 24.4 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 5420Q+44Q
Retum Loss -246dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51404+61 10
Return Loss -24.2d8

General Antenna Parameters and Design

[ Electrical Delay (one direction) 1160 ns

After long term use with 100W radiatad 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 fine is directly connected to the
second am of the dipole. The antenna is therefora shor-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
“Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

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

Additional EUT Data
Manutactured by SPEAG
Manufactured on December 01, 2003
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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 (IEEEAEC/ANSI C63.19-2011)

DASY52 Configuration
« Probe: ES3DV3 - SN3205; ConvF(4.54, 4,54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechunical Surface Detection)
e Electronics: 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=5mm, dy=Smm, dz=5mm

Reference Value = 101.4 Vim; Power Drifi = 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

dB8

-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

19 May 2015 15:05: 3
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DASY5 Validation Report for Body 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 = 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:
e Probe: ES3DV3 - SN3205; ConvF(4.32, 4,32, 4.32); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

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 Dnift = -0.02 dB

Peak SAR (extrupolated) = 27.9 Wikg

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

Maximum value of SAR (measured) = 17.7 Wikg

dB8

1]

-4.80

-9.60

-14.40

-19.20

-24.00

0dB =177 Wkg= 1248 dBW/kg
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Impedance Measurement Plot for Body TSL
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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 Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The 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 relroned 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 V528.8
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 + 1 MHz
Head TSL parameters
The following paramates 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 372=26% 2.00 mho/m = 6 %
Head TSL temperature change during test <05°C e -
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 notmahzed 1o 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 Wiy
SAR for nominal Head TSL parameters nomalized to 1TW 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 2.16 mho/m
Measured Body TSL parameters (220202)"C 503+£6% 220 mho/m 26 %
Body TSL temperature change during test <05*C - -
SAR resuit with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Whg
SAHR 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 5000Q-2110
Raturn Loss -335d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48680-19Q
Retum Loss -278dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1150 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second arm of the dipole, The antenna is therelore shor-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 explained in the
“Measurement Conditions” paragraph. The SAR data are not alfected 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
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DASY5 Validation Report for Head TSL

Date: 20.03.2015
Test Laboratory: SPEAG, Zurich, Switzeriand
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 (IEEEAEC/ANSI C63.19-2011)

DASY32 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014,
o Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Value = 102.2 V/im: Power Drift = 0,03 dB

Peak SAR (extrapolated) = 30.4 W/ikg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6,4 W/kg

Maximum value of SAR (measured) = 18.9 W/kg

1550

nm

0dB = 18.9 W/kg = 12.76 dBW/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, Zurnich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parnmeters used: { = 2600 MHz; o = 2.2 S/m: ¢, = 50.3; p = 1000 kg/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=Smm, dy=5Smm, dz=5mm

Reference Value = 96.03 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.2 W/kg

SAR(I g) = 14.1 W/kg: SAR(10 g) = 6.27 W/kg

Mauximum value of SAR (measured) = 18.6 Wikg

dB8
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =186 Wikg =12.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 2 450 -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 i, i i - - - 17.24 10.67
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

Composition of the Tissue Equivalent Matter
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Attachment 6. —- SAR SYSTEM VALIDATION

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

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

Dielectric Parameters CW Validation Modulation Validation

Rl C;irk?:)a?ion Dipole Date
e | point pemmitiviy Conduciivity S5V ui?a”r?.JlEJt?SS Type Facter PAR

y Typ

4 1605 [ET3DV6 | Head | 835 | 441 | 05/11/2015 41.6 0.89 PASS PASS | PASS |[GMSK|PASS | N/A
4 1605 [ET3DV6 | Body | 835 | 441 | 05/11/2015 55.4 0.97 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 |EX3DV4 | Head [1800| 2d007 | 09/14/2015 40.3 1.39 PASS PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Body |1800| 2d007 | 05/11/2015 53.1 1.54 PASS PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Head |1900| 5d032 | 06/04/2015 40.1 1.39 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Body |1900| 5d032 | 06/04/2015 52.4 1.51 PASS PASS | PASS |[GMSK|PASS | N/A
4 1605 [ET3DV6 | Head |1900| 5d032 | 06/04/2015 40.1 1.39 PASS PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Body |1900| 5d032 | 06/04/2015 52.4 151 PASS | PASS | PASS | N/A | N/A | N/A
1 | 3863 |EX3DV4 | Head |2450| 743 | 0914/2015 38.9 1.8 PASS | PASS | PASS [OFDM| N/A |PASS
1 | 3863 |EX3DV4| Body |2450| 743 |09/15/2015 53.2 191 PASS | PASS | PASS [OFDM| N/A |PASS
5 | 3903 |EX3DV4| Head |2600| 1015 |10/07/2015 39.2 1.98 PASS | PASS | PASS | NA | N/A | NA
5 | 3903 |EX3DV4| Body |2600| 1015 | 10/08/2015 52.7 2.14 PASS | PASS | PASS | NA | N/A | NA

SAR System Validation Summary 1g

Note;

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