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y facity: t ternp {22 = 31°C andd humidity < 70%.

units of
with confidence protabilty ore given o6 the following pages and are pant of the cenificate.

Primary Srandards 1) Cal Date {Cersficate No.) Scheduied Calbeation
Power meter E44198 G541283874 Q1-Apr-15 {No. 247-02128) Masi-16

Power sansor E44124 MY41458087 01-Apr-18 (No. 217-02128) Mar-16
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Natwork Analyzer HP 8753E | US3739088% 18.0ct.01 {in house chack Cet-14) In houss cneck: Oct-15
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCTCO,LTD
Calibration Laboratory of A Cwea Schweizerischer Kafibrierdienst
Schmid & Partner H \\V-//,’:‘ !o\ g R s d e
Engineering AG z Servizio svizzero di taratura
Zmcghmsiraase 83, 0004 Zirich, Swienrand ’4,/"/,::.\?5 NS S’ gutes Cotiraion Service
Accredited by the Swiss Accradiaton Service [SAS) Actroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Muititateral Agreoment for the recognition of caiibration cortificates

Glossary:

TSL tissue simutating liguid

NORMx,y.2 sensitivity In frea space

ConvF sensitivity in TSL / NORMx.y.2

DCP diode compression point

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

ABCD modulation dependent finearization parameters

Polarization » » rotation around probe axis

Potarization 3 & rotstion arcund an axis that is in the plane normal 1o probe axls (8t measurement center),
ig., & = 0 is normal 1o probe axs

Connector Angle information used i DASY system 1o align probe sensor X to the robot coordimate system

Calibration is Performed According to the Following Standards:

a)

b)

|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

JEC 82209-1, *Procedura 1o measure the Specific Absorption Rate (SAR) for hand-held devices used in clase
praximity to the ear (frequency range of 300 MHz 1o 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

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

NORM(f)x.y.z2 = NORMx.v,2 * frequency. response (see Frequency Response Chart), This inearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the slated uncertainty of Convi.

DCPyx,y.2: OCP are numerical linsarization parameters assessed based on ihe data of power aweep with CW
signal {no uncertainty required). DCP does not depend on frequency nor meda,

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

Ax,y.z: Bx.y.z; Cx.y,z; Dry.2; VRxy.z: A, B, C. D are numenical 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.

ConvF and Boundary Effect Parameters: Assessed in fiat 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 (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 comesponds
to NORMx.y.z * ConvF whereby the uncartaintly corresponds to that given for ConvF, A frequency

ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz 10 = 100
MHz.

Sphencal isotropy (3D deviation from isotropy): in a field of iow gradients realized using 8 flat phartom
exposed by a patch antenna.

Sensar Offset: The sensor offset corresponds to the offset of vinual measurement canter from the probe tip
{on probe axis), No tolerance required.

Connactor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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Probe ET3DV6

SN:1605

Manufactured:  July 27, 2001
Calibrated: April 27, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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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 1:91 1.61 2101 %
OCP (mV)" 100.4 99.7 | 100.3

Moduiation Calibration Parameters

(0D ‘ Communication System Name 1 A B c D | VR | Unc

| | . g8 | dByv | a8 mv (k=2)

0 | cw Ix] oo | oo | 10 | 000 | 1896 ] 230%

' , Y1 00 | 00 10__ [ Asaz |

| 2| 00 | 00 10 | A77.7

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 NormiX,Y .2 do not altect the E*field urcatainty inside TSL (sae Pages 5 and )

" Numerical Seanzation parametes: uncertainty (ol requinec

¥ Uncertainty s determingd using the max, deviation from linear resporrse applying reclanguisr aistnbution and o oxpressed for the souare of he
Sadd value
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
F(MHZ)® | Permittivity” (Sim)” ConvFX | ConvFY | ConvFZ |Alpha® | (mm) | (k=2)
750 419 0.89 6.64 6,64 8.64 0.26 300 | £120%
835 415 0,90 6.33 6.33 .32 0.28 300 | $120%: |
900 415 0.97 6.14 .14 .14 0.31 300 | +120%
1450 405 | 120 537 5.37 537 0.45 264 | +120%
1750 40,1 1.37 5.20 520 | 520 0.73 215 | $120%
1900 40.0 1.40 5.01 501 | 501 0.80 212 | £120%
1950 40.0 1.40 4.94 4.94 4.94 0.80 205 | $120%
2300 395 1.67 arr a7z 4.77 0.80 188 | £120%
2450 39.2 1.80 4.57 4.57 4.57 0.85 1.75 | £120%

‘F:wvammm:d:mow:adyaoolcsmmsvvummmcpmm else it in rostricted o + 50 Mtz The
uncurtainty is the RSS of the Convi uncadsinty al calibration fraguency and tha uncerdainty % the indh y bardd. Fi

bedow 300 MH2 is = 10, 25, 40, 50 and 70 MK for ComvF assessmonts 31 30. 84, 128, 150md220wureem-ty Amscﬂx'muwry
validity can be extended to + 110 MHz

¥ A frequencies below 3 GHZ, the validity of tissue parameters (£ and a) can be relaxed o £ 10% # lquid comp n formws © spphed to
measired SAR values. Al froquencies above 3 Gz, the valdty of isson paramaters (c &g =) & restncted 1o = 5% The uncertanty & the RSS of

the ConvF uncartainty for indicated large! lissue pavameters.

Y miphaDepth are detenminad during caibeation. SPEAG that the due to the boundary effect after compensalion is
shways bess then & ‘%«oerrmmasmaxmmmzzxmmmumumymwwmwrwmm
dameger from tha boundary
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ET30V6- SN, 1605 Apri 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

f Mz pm* co';:ru::;"v " | conex | comer | compz | Alpha® D(.uf:)‘ 2’&';
750 55.5 0.96 6.21 621 821 | 030 | 271 | £120%
835 652 | o097 511 6.1 611 | 030 | 300 | £120%
1750 534 1.49 4.66 466 4668 | 080 | 262 | £120%
1900 53.3 1.52 454 4.54 45¢ | 080 | 232 | £120%
2450 527 1.95 4.18 4.18 418 | 079 | 180 | s£120%

< Frequency vaioty above 300 MHz of & 100 MHZ coly applias for DASY v4.4 and higher (sae Page 2), ese € s resincted to & 50 Mz The
unonnaintyvst’eﬂSSdmCvamyacmbnwwmmwmmwhqmm.ﬁmmywy
below 300 MHz i ¢ 10, 25, 40, 50 andt 70 MHz for ConvF assossments at 30, 84, 125, 150 and 220 MKz respociively. Above 5 GHz frequancy
validity can be axtanced 10 = 110 MHz

" &1 frequancies below 3 Gz, the validity of $33ue paramaters (= and o) can be relixed 16 = 103 If liquid comp formuls is appied 10
measuted SAR values. At froquencies abave 3 GHz. the validiy of fissus parameters [t and o) is rearicted to ¢ 5%, Tha uncerainty is the RSS of
the Com# uncartninty for indicated target tissus parametars.

* AlphaiDegth are doloemined during calbraion, SPEAG warrants tnat the remasnng destaion dus 10 1hs boundary effect after compersstion is
adweys 055 than + 1% for frequencies baivw 3 GHz and batow £ 2% lor freguancies betwasn 3-6 GHz at any dstance larger then half the prode o
dameter from she bourdary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency response (normalized)
P
|
L ]
.
‘
,
'

| 1 | : l 1 i ndad | | W—e " A i - i .
500 1000 1500 2000 2500 3000
£ [MHz]

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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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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ET3DV6- SN-1605 April 27, 2018
Dynamic Range f(SARpeaq)
(TEM cell , fova= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCTCO,LTD

ET3DVE- SN.1605 April 27, 2015

Conversion Factor Assessment

f= 835 MHz WGLS R8 (H_convF) = 1900 MHz WGLS R22 (H_convF)
13- w'
18- z:
284 "- o M
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e
s -
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0 o = ¥ © [ ] & 1 ® Y = I3 “
2 frvd] slwel
s -vd;)n -‘&u - remued

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

40 08 06 04 02 0D 02 04 05 D38 1e
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters
Sensor Arrangement Tnangular |
Connector Angle () 1 &7
“Mechanicat Surface Detaction Mode ‘ T enabled
| Optical Surface Detaction Made disabled
Probe Overall Length = = 337 mm |
“Probe Body Diameler — 10 mm |
Tip Length ' 10 mm |
Tip Diameder B8 mm
| Probe Tip o Sensor X Calibration Point ) 1 Z27mm
| Probe Tip to Sensor Y Calibration Point - 2.7 mm |
“Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface J = 4 mm |
Certificate No: ET3-1605_AprtS Page 11 of 11
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FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

HCT CO,LTD

Calibration of et . .

Schmid & Partner = g Service sulssa détalonnage
Engineering AG e g Tervisio svizzero di tarstura

Actratited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Sorvice is onu of the signatories to the EA
Muttitateral Agreemaont for the recognition of callbration certfficates

Calitration dale

Caitwation Equpment used (MATE critical for cal2xaton)

Accroditation No.: SCS 0108

Thva caltration cemficate documents M iraceabiity 10 nabonal standerds. which realize the physcal units of messurements (S
The measuromants and the uncantantios with confidence probatiity are gwen on the followng pages and o part of he cenificate

A catbrations Nuye besn canduciet in thi clonnd MOOrEICry [ciity. savroemect Inmparitios (22 = 370 and humedity = 70% .

Primary Starndargs D Cal Doty (Certificate No ) Scnhedulsit Caibyration
Pawer meter E44168 GBA1283074 D1-Apr-15 (No. 217-02128) Mar-18
Power sensor E44124 Y4 1438087 O1-Apr-15 {No. 217-02120) Mar-18
Reference 3 dB Aftenustor SN SS054 (3¢ O1-Apr-15 (No. 217-02129) Mas-18
Refererca 20 ¢B Anenuator BN 85277 {20x) 01-Ape-15 {No. 217-02132) Mar-18
Ref 30 uB Al SN: 55129 {30b) O1-Apr-15 (No. 217-02433) Mar-18
Refererion Probe ESIOV2 SN: 3013 30-Doc-14 (Na. ES3-3013_ Dectd4) Dec-15
DAE4 SN 680 14-Jan-15 (No. DAEA-E50_Jan15) Jan-18
Secondary Sundads iD Check Date (in houss) Sched Check
| RF generator HP 86480 US3I642001700 4-AuQ-99 (n house check Apr-13) In housa check: Agr-18
N & Anaiyzer HP BTS3E US37380585 18-0ct-01 [in bouss chck Ocs-18) In house check: Oct- 18
Functon
Cualbrated by : '
Apgwaved by.

This calitimtion cartihcae shak not be reprmduced exoapt in full witheut weitien approval of the laboratory,
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCT CO,LTD
Calibration Laboratory of A, sch Shee Kalibierdh
Schmid & Partner % (S: Service sulsse d'étalonnage
Engineering AG T Sarvizio avizzero ¢ taratura
Zuughausstrasse 43, 8004 Zurich, Switrediand o 8 tes Culbiniten Service
Accrodited by Te Swiss Accreditation Seevice (SAS) Accroditation No.: SCS 0108
The Swiss Accroditation Service s one of the signataries to the EA
Multitateral Agreement for the recognition of callbration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y.z
pce diode compression point
CF crest factor (1/duty_cycle) of the RF signal
AB.C.D modulation dependant linearization parameters
Polarzation o o rotation around probe axis
Polarization 4 & rotation around an axis that is in the plane normal to probe sxis (a1 measurement center),
Le., 8 =0 s nomal to probe axis
Connector Angle information used in DASY system to afign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) [|EC 82209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in closa proximity to the human body (frequency range of 30 MHz to 8 GHz2)", March 2010

dj KDB 865684, “SAR Measuremem Requirements for 100 MHz lo 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMYx.y.x! Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cel; f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intarmediate valuas, Le., the uncertainties of NORMx,y,z does not affect the E”.field
uncertainty inside TSL (see below ConvF).

o NORM(Nx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
Impiemented in DASY4 softwara versions faler than 4 2. The uncertainty of the frequency response s included
In the stated uncertainty of ConvF,

* DCPxy.z: DCP are numerical linearizabon paramelers assessed based on the data of power sweep with CW
signal {no unceramty required). DCP does not depand on fraquency nor madia,

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

o Axyz Bxyz Ceyz Dxyz VRx.yr A B C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR 1 the maximum calibraton range expressed in RMS voltage across the diode.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz2) and Inside waveguide using analytical field distributions based on power
meaasurements for f > 800 MHz. The same setups are used for assesament of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software 1o improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
10 NORMy,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4 4 and higher which allows extending the validity from = 50 MHz 1o + 100
MHz.,

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

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

* Connector Angle: The angle Is assessed using the information gained by determining the NORMx (no
uncernainty required),

Centificate No: EX3-3797_Novis Page 2 of 11
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Probe EX3DV4

SN:3797

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ system!)

November 24, 2015
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EX30Va- SN3TET

Novembar 24, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
| Norm (uV/(Vim)')" 0.62 0.58 056 +101 %
DCP (mV)” 99.5 97.0 984
Modulation Calibration Parameters
uiD [ ication System Name A H c 0 VR Unc"
| 98 | dBVwv | d8 mv (k=2)
o jew X | 00 00 10 | 000 | 1778 | 25%
Y 0.0 0.0 1.0 1788
- 0.0 0.0 1.0 76

probability of approximately 95%.

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 10 a coverage

* The uncertainties of Nom X Y.Z do not afect the £7-field uncentainty inoide TSL (see Pagea 5§ and 6)
* Numorcal lineawization paramesar: uncertanty net reguend

' Uncestanty & defermined using Tie max. devatian from Inear responss apphing rectangadar distribution and & exgressad fof the sguare of the

held vaiun
Centificate No: EX3-3797_Novi5 Page 4 of 11
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HCTCO,LLTD

EX3DVa- SN:a7e7 November 24, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth* Unc

f{MHz)® | Pormittivity" (Stm)" ConvFX | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 41.9 0.89 9.38 9.38 9.38 0.32 0.96 +120%
835 a5 0.90 8.98 898 8.98 0.16 1.78 £12.0 %
900 41.5 0.97 8.86 8.88 B.86 0.21 1.53 + 120 %
1450 40.5 1.20 7.73 7.73 7.73 0.15 1.77 £12.0%
1750 40.1 1.37 7.85 7.85 785 l 0.35 080 | £120%
1900 40.0 1.40 7.61 7.61 7.61 0.24 0.80 £120%
1950 40.0 1.40 7.32 7.32 7.32 0.39 0.83 £120%
2300 395 1.67 7.21 127 7.27 0.39 0.85 +12.0 %
2450 392 1.80 5.90 6.90 6.90 0.40 0.80 +12.0%
2600 39.0 1.96 6.68 6.68 6.68 046 080 | £120%
3500 3re 291 6.61 6.61 6.61 038 0.99 +13.1%
5200 3.0 4 66 480 4.80 4,80 0.40 180 | £131%
5300 359 476 4.59 4.59 459 0.40 180 | £131%
5500 356 4.96 452 452 452 045 1.80 £13.1%
5600 355 5.07 4.21 421 a2 0.50 180 | £131%
5800 353 527 4.20 4.20 4.20 0.50 180 | +131%

" Frequency valdzy atiove 300 MHz of £ 100 MMz cety applies for DASY vd 4 and higher (ses Page 2), sise it s resticted 1o = 50 MMz, The
uncertainty is the RSS of the Corm® uncertamty at calibration frequency and the uncenainty foc the iIndicated Fequency band, Fraquency valaty
bolow 300 MMz s 4 10, 26 40 50 and 70 MHz for CanvF assaswmants at 30, 84, 128 150 ang 220 MHz mspectvely Above § GHz frequency
wvaldity con be exiended o = 110 MH2

" Al esquencies telow 3 GHz. the valldity of tnsve paramaters (x and o) can be retaxed 1o 3 10% # Igua compensaton fonmaa is appbed %
measured SAR valuss Al froquancies abave 3 GHZ, the valiaty of lssoe paramiaters ( and o) & restrcted 10 £ 5% The uncertainty = the RSS of
MWMwbmwmuwmm
“ Apra/Degth we o oaxing SPEAG warrants (hat the remaining deviation due 10 the boundary effect afler compansalion s
alwarys less o £ 1% for fequencies below 3 Gz and bolow £ 2% for frequencies betesen 3-6 GHZ of any distancs Wiger than half tha probe tip
diamader from the bourdary
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCO,LLTD

EX30V4- SN:3797 Novernbar 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

(M) m‘ me ConvF X | ConvFY | ConvFZ I Alpha ® n{:ﬁ')u (‘{u:;)
750 55.5 096 8.39 9.39 939 0.29 116 | £120% |
835 55.2 0.97 9.17 9.17 817 0.32 1.00 | £120%
1750 53.4 149 7,52 7,52 752 | 042 080 | £120%
1900 533 1.52 7.32 7.32 732 | 03t 097 | £120%
2450 527 1.95 691 6.91 631 | 034 085 | 2120%
2600 52.5 218 6.75 675 6.75 0.16 099 | 2120%
5200 49.0 5,30 4.24 4.24 424 | 050 190 | 2131 %
5300 489 5.42 4.07 4.07 4.07 0.50 190 | £131%
5500 486 5.65 3.80 3.80 3.80 055 1.90 | £13.1%
5800 48.5 577 3.54 3.54 3.54 0.60 190 | +13.1%
5800 482 6.00 384 384 384 0.60 190 | £131%

 Fruquency vilidity ubove 00 Mz of + 100 MMz only apples for DASY v4.4 and tigher (see Page 2). else It is restricted 10 £ 50 Mz The
unoerakty is the RSS of the ConvF uncertainty &t calfraton frequency and the uncedmnty for the indicaled frequency band Freguency validity
befow 300 MMz n ¢ 10, 25, 40, 50 and 70 MHz for Comd sasessrnents st 30, 64 128 150 and 220 Mz respectively. Above 5 GHr frequency
valifity can be exdunded 10 2 110 MHz

" Al frequoncies balow 3 Gz, the valdty of fiesoe parametens (r and ) can be resaed 10 4 10% if hgud formide o
muasired SAR values. Al Sequences above 3 GHz, the veldity of Sssue parametons (o and o) s tes¥icted to £ 5% The uncortainty s the RSS of
the Conw uncertanty for indicated target 15500 parametors

“ Alpha/Dopth are detormined durng ¢ SPEAG that the remainng devaton doe to e boundary effect after cor it
Myilatm-n-m'mbaqmbdawSmmmzmhmmmumummwmwlhmw
damedat from the boundary
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FCC ID: ZNFK580H

HCTCOLLTD

Report No: HCT-A-1604-F004-1

EX3DV4- SN

Frequency respanse (normaized)

Ceantficals No

are7

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

‘ ) \ 1 - e
0 500 1000 1500 2000 2600 3000
f [(MHz]

e R

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Report No: HCT-A-1604-F004-1
HCTCOLLTD

EX30V4.- SN:ATeY

November 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22

Envox {dB]

e S Ak e

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCOLLTD
EXIDV4- SNATT November 24, 2015
Dynamic Range f(SARead)
(TEM cell , foun= 1900 MHz)
108 ¢ T TyrTT Y - - -
.
»
A
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10 :
¥
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o v
=4
= N y
@
w .
- v
=
= 10 ’
i
4
.
10
»
0
10 10 10! W 10 106 1
SAR [mWiem3)]
¢ .
not compensated compensated
1
-g-r ...... T e
w
) ( 10 o 102 107
SAR [mW/em3)
| 9 |
not compensslisg compensste:

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCO,LLTD

EX3DV4- SN:3787 Novembaer 24, 2015

Conversion Factor Assessment

=835 MH2 WGLS RS (H_com¥) f = 1900 MHz WGLS R22 (H_convF)
o i
=/
" ! !
!\ n : !

> \\ :
" =
£ . £ |
i B

Hu w ES .':.-‘ - ~ -.. n':‘ ; c " ||‘fu;|( = =2 . !A : = -

ol =8 = o
Deviation from Isotropy in Liquid
Error (§, 8), f =900 MHz

o -
-

@

alion
’ 6b°p0°
ozgg‘“"”‘

<10 06 08 04 02 00 02 04 08 08 110
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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‘—'-C'- FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCO,LLTD

EX30VA4~ SN3797 Novermiber 24, 2015

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

Other Probe Parameters

Sensor Arrangement Triangular
| Connector Angle () [ 67.5 |
| Mechanical Surface Datection Mode enabled
| Optical Surface Detection Mode l disabled |
[ Probe Overall Length 337 mm
| Probe Body Diameter | 10 mm |
[Tip Length g9 mm |
[ Tip Diameter — 1 N E mm]
Probe Tip 1o Sensor X Calibration Point 1 mm ‘
| Probe Tip to Sensor Y Calibration Point 1mm |
| Probe Tip 1o Sensor Z Caiibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm “
Cartificats No: EX3-3797_Novis Page 11 of 11

F-TP22-03 (Rev.00) 128 /201 HCT CO., LTD



HCTCO,LTD

FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerfang

Accredéad by the Swiss Accredtation Service (SAS)

c Service suisse d'etalonnage

Servizio svizzero @ taratura
Swiss Calibeation Service

Accreditation No.: SCS 0108

The Swiss Accreditation Secvice is one of the signatories to the EA
Multilateral Agreement for the recognition of calibiration certificates

Calitration date:

The and the

This calibration oemficate documants the raceabitty (o nationa! standacds. which realze the py

with confid

Caibration Enuament used (MSTE ortical for catbration)

units of st
probebdity are given on the followng pages ard are part of the certificate.

All cibrations have been conductad it e closad Rbaratory tacilty. emwronment tlemparaturs (22 = 3°C and humidity < 70%

This caltration certificate nhail not be reproduced excepl In fub wihout witien approval of the laborstory

Prenary Standurds 0 Cai Duts (Certificat No ) Scnecufed Calbeaton
Power metsr 44158 GB41293874 D1-Apr-15 (No. 21702128 Mas-16
Power sensor E44124 MY4 3498067 01-Apr-15 (No. 217.02128) Mar-16
Raleronoa 3 dB Alenuator SN; 55054 (3c) 01-Ap19 (No. 217-00129) Mar-18
| Ruference 20 dB Asenuator | SN; 55277 (20x) 01-Apr-15 (No_ 21702132 Mar-16
Reference 33 dB Atmnuator SN 55129 {30m) 01-Apr-15 (No. 217-02133) Mo 16
Rufersoce Frobe E530V2 SN 313 30.Dec-14 (No £53-3013_Decl4) Dec-18
DAE4 SN 600 14-Jan-15 (No. DAE4G80_Jan15) Jan 16
Standads 0 Check Date (in house) Scheduled Check
| RF genarator HP 8848C USIBL2U01700 4-Aug-39 (in howse check Apr-13) In house check: Apr-18
Network Anatyzes HP B753E US 37300585 18-Oct-01 {in house check Oct-15) In houss check: Odt. 16
Name Functian
Calbrated by
Apptoved by,

Issuec: Decemnber 16, 2015

Cartificate No, EX3-3967_Dec15
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCT CO,LTD
Calibration Laboratory of S M e Sehwalssitaiher Xaiibriordienet
Schmid & Pariner & @"- 7 g mm-.:::m
Engineering AG H ? g Servisio sviczero & taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland @y \\_ A Swiss Calibration Service
Accredaed by the Swiss Accredtaton Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Ag: for the recog of calibeation cortificates
Glossary:
TSL tissue simulating fiquid
NORMx.y.z sensitiaty in free space
ConvF sansitivity in TSL / NORMx.y,z
oce diode compression point
CF crast factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢  rotation around probe axis
Polarization 9 8§ rotation around an axis that Is in the plana nommal 1o probe axis (at maasurement center),
Le, 8 =0is normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatal-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurament
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 MMz to 3 GHz)", February 2005

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

d) KDB 865664, "SAR Measurement Requiremenis for 100 MHz 1o 8 GHzZ"

Mothods Applied and Interpretation of Parameters:
NORMu.y,2: Assessed for E-field polanzation 8 = 0 (f < 800 MHz in TEM-cell. f > 1800 MHz: R22 waveguide).
NORMzx,y.z are only intermediate values., 1.8, the uncertainties of NORMx,y.z does not affect the E*-field
uncerainty inside TSL (see below ConvF),

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

« DCPyx,y.z: DCP ara numerical lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncentainty required). DCP does not depand on frequency nor media.

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

o Axy.z Bryz Cryx Oxyz VRxyz A B, C, Dare numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

* ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfor
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
baundary compensation {alpha. depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
10 NORMz,y.z * ConvF wheraby tha uncertainty corresponds to that given for ConvF. A frequency depandent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from 2 50 MHz to + 100
MHz

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

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

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

Certificals No. EX3-3967_Dec1h Page 2af 11
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‘—'C,- FCC ID: ZNFK580H

HCTCOLLTD

Report No: HCT-A-1604-F004-1

EX30V4 - SN:3967

Probe EX3DV4

SN:3967

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

Calibrated for DASY/EASY Systems

(Note. non-compatible with DASY2 system!)
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‘—"C'- FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCOLLTD

EX30VA- SN:3067 Decembor 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y SensorZ | Unc (k=2)
Norm (uVAVIm)'Y" 0.54 0.38 0.48 2101 %
DCP (mV)" 103 978 101.0
Modulation Calibration Parameters
uiD Communication System Name | A 8 c ) VR Unc~
48 dBVuv d8 mvV (k=2)
o lcw = X| 00 00 | 10 | 000 | 1450 | #35%
Y| oo 00 | w0 | | 137
p2 00 00 | 10 | 1382

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

* The uncartanties of Nomm XY Z do not aflect ihe £ feid uncertainty imside TSL (see Pages 5 and 8)

" Numercst inearnzalion paramester urcertanty nol reguired

y Uncantanty & determingd using e milx, davialon rom Inedr response spahing rectanguisr datrdution and s sxpressed for the square of the
fala vaun
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HCTCO,LLTD

FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

EX3DV4- SN:3967

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

Calibration Parameter Determined in Head Tissue Simulating Media

December 16, 2015

f (MHz) © P:mm’ (S¢m)" ConvF X | ConvFY | ComvFZ | Alpha® (m)v (‘:‘z)
750 419 0.89 10.27 10.27 10.27 0.1 1.39 £120%
835 415 0.90 9.87 9.87 9.87 0.20 138 | £120%
900 415 0.87 9.70 9,70 9.70 0.25 1,15 +12.0 %
1450 40.5 1.20 8.19 B.19 §.19 029 082 | =120%
1750 401 1.37 8,39 B.38 8.39 025 088 | £120%
1900 40.0 1.40 8.11 B.11 8.11 0.39 080 | £120%
1850 40.0 1.40 7.90 7.80 7.90 0.38 086 | =£120%
2300 395 1.67 7.73 7.73 7.73 0.37 084 | 2120%
2450 30.2 1.80 7.42 7.42 7.42 0.40 080 | £120%
2800 39.0 1.96 717 717 747 0.41 0.83 £120%
3500 379 291 7.89 7.69 7.69 0.94 063 | =131 %
5200 36.0 468 537 5.37 537 0.35 180 | £131%
5300 35.9 4.76 5.04 5.04 5.04 0.40 1.80 £13.1%
5500 356 496 487 487 4.87 0.45 180 | #131%
6600 355 5.07 4.65 465 4.65 0.50 1.80 +13.1%
5800 353 527 4.69 469 469 0,50 1830 | £131%

-Fmtvayamwomw: woumow-pdmbmsvwamm(mmnmumm: 50 MHz. The

uncetanty w the RSS of the ComF ur uncartanty for the y valoty
below 300 Mz 15 + 10, 26, 40, so-wrom:mcmw.mmam B4, 128 mwmwm mbﬁ&tm
vlldtycmh'mmtozuomc

y and the

y band F:

© Al trequences Delow 3 GHz, the vascity of tissue paramatan (c aad o} can be relsxed to = 10% If liquid compensation famls is appied 1o

measured SAR vilues. Al Fequancies sbove 3 GHz. the vabidity of tusus parenatens (« and o) & rostncted 10 + 5% The uncertainty o the RSS of

!mCaM' uncerisanty 1o mdicaled tlarget ISSue DarameteTs.

Iy e

cvamater from the boundary

trmt the

during SPEAG remaning deviation due 10 the boundary effect afier Compensaton is
plwatys dess i + 15 1o fmguencies below 3 GHz and below + 2% for frequencies between 3-6 GHz st any astance langar than half the probe tip
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCO,LLTD

EX3DV4-- SN:3967 Decamber 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Rolative Conductivity | Depth * Unc

f(MH2)® | Pormittivity” | (sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 56.5 0.96 9.92 9.92 9.92 0.22 1.41 +120%
835 56.2 0.97 976 9.78 9.76 0.24 1.28 +12.0%
1750 53.4 1.49 B.04 8.04 8,04 0.40 0.85 +12.0%
1900 53.3 1.52 7.95 7.95 7.95 0.35 0.92 +12.0%
2450 52.7 1.95 7.31 7.31 7.31 0.40 086 | +120%
2600 52.5 216 7.19 7.19 7.19 0.25 1.05 | £120%
3500 51.3 3 6.88 6.86 6.86 0.36 1.14 +13.1%
5200 48.0 5.30 432 432 432 0.55 1.90 £13.1%
5300 48.9 542 423 | 423 423 0.55 1.80 +131%
5500 488 565 3.80 3.80 3.80 0.60 1.80 £131%
5600 48.5 5.77 3.70 3.70 3.70 0.60 190 | +131%
5800 48.2 6,00 3,82 182 182 0.60 1.80 £13.1%

© Frequency validity sbove 300 Mz of £ 100 Miz only anplies for DASY vi 4 and bigher (ses Page 2), eise i in restriched 10 « 50 MHz The
uncentainty is he RSS of the Com uncertanty uf colibration Sequancy @nd (he uacsanty for the indcated frequancy band Freguency vilkity
Dolow 300 MHZ 18 £ 10, 25, 40, 50 and 70 MHZ for Convi- assessments at 30, 64, 128, 150 anu 220 MH rospectively. Above 5 GHz frequancy
vishcity can be exaandos 10 = 110 Mz

Al frequencies bokow 3 GHZ. !he vaildity of bssue parsmeters (c and «) can e relaxed 10 = 10% # boud formuts = appled to
moasured SAR values Al fraquencies above 3 Gz, the valdty of fssus pacameters (v and o) s restricted 1o 2 5% The uncedsinty is the RSS of
the Cornd® uncartainty for indicated trgel Hisson paramalens

= AphaDepth are delermined duting catbeation. SPEAS warraotn 1hat 1he remaming deviation due to the boundary aftect after compensaton &
Ahways less han 2 4% for frequancies befow 3 GHz and below = 2% for frequencies betwoon 34 GMz at any distance kwper than half the probe tp
dlameter from o boundary
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FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

EX3DV4- SN.3967

Frequency Response of E-Field

Frequency response (normalized)

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

Cartificate No: EX3-3867_Dec1s

(TEM-Cell:ifi110 EXX, Waveguide: R22)

Dacember 16, 2015

1500 2000

f [MH2]
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2500
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Report No: HCT-A-1604-F004-1
HCTCOLLTD

EX3DV4.- SN1967

Docember 16, 2018

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM =1800 MHz R22
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= | O Y . P
5"2‘.,-—‘tr6‘~'-.~-,:-:3;“_‘_,_t0it..0 Bed
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] e ——————————— L
Rot [7]
S % Pt —
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCOLLTD

EX3DV4- SN-3967 Dacember 16, 2015

Dynamic Range f(SAR}¢aq)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linoarity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

EX3DVA- SN:3967

December 16, 2015

Conversion Factor Assessment

1= 835 MMz, WGLS RS (H_convF)

f= 1800 MHz WGLS R22 (H_conv)

i S PTTOET TS TEE ST 1

1 N ™" o o wn a "

sined
L 2l
avzs e

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

-1.0

08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LLTD

EX30V4- SN:YG6GT Decembear 16, 2015

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

Other Probe Parameters

[Sensar Arrangement " Tnangular
Connector Angle () - | 206
"Mechanical Surface Detection Mode S - l enabled
Optical Surface Detection Mode | disabled .
Probe Overall Length 337 mm
‘Probe Body Diameter — 10 mm |
| Tip Length T amm|
[ Tip Diameter T ZEmm |
"Probe Tip to Sensor X Catibration Point Tmm |
Probe Tip 1o Sensor Y Calibration Point imm |
“ Probe Tip 1o Sensor Z Calibration Point T mm |
‘rﬁocommnndw Measurement Distance from Surface 1.4 mm
Cortificsis No. EX3-3967_Deg15 Page 11of 11
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCT CO,LTD
Cailibration Laboratory of N, Sehwiitaaher Kaliardianat
Schmid & Partner is \\-/’//"'. g Service suisse d"bhlomagc
Engineering AG % Servizio svizzero &
Zoughausstrasse 43, 8004 Zurich, Switzeriand ’/@‘ S gwiss Caibration Service
Accacied by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Sevvice is one of the signatories to the EA
Multitateral Agresment for the recagnition of calibration certificates

cien  HCT(Dymstec) T

Cattration procediire(s) @QAL—O;.V@.QACAL%Z\G, QA CAL-14.v4, QA CAL-23.v5;

Caltwation date: June 18, 2815

This cal catificate & s the Waceabilty 1o national standards, which realtze the physical units of measurements (1),
The nts @ the ur with confi peobsbiity are gven on thi followsng pages and ave port of the cerificste.

ARl calibeations have been conducted i the clozed lab y foclity. er %0 (22 1 3)"C and humadly « 70%.

Calbration Equpment used (MATE concal for cotbration)

l

Pramary Standards n Ca! Dote (Cevtificaite No. |} Schaduled Calbeation
Pawer meter 44198 GBA1203874 D1.Age. t5 (No. 217-02128) Mar-18
Power sensor E44124 MY4 1468087 01-Agx-35 (No. 21742128) Mar 18
Red 348 Atterniaior SN: S5054 (3¢) 01-Apt-15 {No_217-02129) Mar18
Relecence 20 dB Attenuator SN S8217 {20%) 01-Ape-15 (No. 217-02132) Mar. 18
Reference 30 d8 Anenuator SN: 85129 {300) 01-Apt-15 (No. 217-02133) Mar 16
Refeconce Probe ES3DV2 SN 3013 30-Dec-14 (No. E83:3013_Dao14) Dec-15
DAE4 SN 560 18-Jan15 {No. DAEA-660_Jan1S) Jan-16
S dary Standards D Check Date (in house) Scheduled Check
RF generalor HP 8848C US3H42001700 4-Aug-99 (in nousa check Apr-13) In house check. Ap-16
Network Anadyzer HP 87536 US37390585 18-0ct-01 fin housa chack Oct-14) in house check: Oct-15
Name _F_mwon i3 Signatur
Caibrated by Jaton Kastrati  Laboratory Technician & . G S
1 =
Appronad by K Pekovic Techrical Manoges Y 4_
Issuad June 18, 2015
This calibeation centificate shall not ba reproducesd axcapt in ful without weion approval of the labcratory.
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1
HCT COLLTD
Calibration Laboratory of S, Sikic s S
Schmid & Partner SN (s: mmcmm
Engineering AG 7 & Sorvizio svizzero di taratura
Zoughausstrasso 43, 2004 Zurich, Switzertand “-,,@§ S 8 Tuias Calibeation Service
Accredited by tht Swiss Accraditasion Service [SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreamont for the racognition of calibration cectificates

Glossary:

TSL tissue simulating iquid

NORMx.y,z sensilivity in free space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression point

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

ABCD modulation dependent linearization paramelers

Polarization ¢ ¢ rotation around probe axis

Polarization § 3 rotation acound an axis that is in the plane normal to probe axis (at measurement center),
Le., 5 =0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b)

{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
Techmiques”, June 2013

|EC §2209-1, "Procedure to measure the Specfic Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", Feberuary 2005

Methods Applied and Interpretation of Parameters:

NORMx.y.z: Assessed Tor E-field polarization § = D {f < 900 MHz in TEM-cell; T > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, i ., the uncertainties of NORMx,v,z does not affect the E*-fiaid
uncerainty insiie TSL (see below ConvF),

NORM(fx.y.z = NORMzx.y.z * frequency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the fraquency response s included
in the stated uncertainty of CanvF.

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

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

e teristi

Axy.z:Br.y.z: Cx.y.z: Dxy.z; VRey.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend on frequency nor
media, VR is the maximum caibration range expressed in RMS voltage across the diode,

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

Spherical isotropy (3D deviation from isotropy): in-a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offsel. The sensor offset corresponds to tha offseét of virtual measurement center from the probe tip
{on probe axis). No lolerance required.

Connector Angle: Tha angle is-assessed using the information gainad by determining the NORMx (no
uncertainty required).
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EX30V4 - SN:3968 June 18, 2015

Probe EX3DV4

SN:3968

Manufactured:  September 30, 2013
Calibrated: June 18, 2015

Calibrated for DASY/EASY Systems

(Note: nan-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Basic Calibration Parameters

| Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (uV/VIm))" 0.36 0.35 0.42 +101%
DCP (mV)" 103.1 102.8 96.8 i

Modulation Calibration Parameters

[UID Communication System Name | A 8 | ¢ o [ w Unc |

de | aeviv | @8 | mv | (=2) |
0 cw X | 00 00 | 1o | 000 | 1303 | $30% |
| | Y 00 o0 | 10 | 120.8 !
l | z| 00 00 | 10 | 1423 |

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 Tha wncertalalios of NormX,Y,Z do not affect the £ -Netd uncertainty inside TSL {see Pages 5§ and 6.

* Numedical Sneanzation pacamelen: uncenainty nol regured

" Uncertainty is determined using the max. devation from Inesr respanse applying rectanguiar Sistibulion and i expr d for the square of the
fetd value.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.
F(MH2)© | Permittivity” | (Stm)” ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 13.08 13.09 13.09 0,00 100 | =133%
300 453 087 12.28 12,28 12,28 0.10 120 | $133%
450 435 0.87 10.61 10.61 10.61 0.18 120 | +133%
750 419 0.89 992 9.92 9.92 0.18 157 | #120%
835 a41.5 0,90 9.60 9.60 960 0.21 164 | £120%
900 415 0.97 9.45 8.45 9.45 0.22 125 | £120%
1450 40.5 1.20 828 B8.28 828 0.28 102 | £120%
1750 40.1 1.37 823 B8.23 8.23 0.31 080 | $120%
1900 40.0 1.40 785 7.95 7.95 0.30 0.80 £120%
1950 40.0 1.40 7.66 7.86 7.66 0.38 080 | £120%
2300 395 1.67 7.51 7.51 7.51 0.37 080 | +120%
2450 3g2 1.80 7.21 7.21 7.21 0.36 080 | £120%
2600 39.0 1.96 7.06 7.06 7.06 0.39 085 | £120%
3500 37.9 281 6.82 8.82 6.82 0.28 133 | 2131%
5200 36.0 4.66 5.26 5.26 5.26 0.30 180 | 2131%
5300 359 4.78 5.09 5.09 5.09 0.35 1.80 | $13.1%
5500 356 4.96 4.86 4.86 4.86 0.40 180 | +131%
5600 355 5.07 459 459 4.59 0.40 180 | £13.1%
5800 35.3 527 468 468 4.68 0:40 180 | *+131%

© Fraquency vumymaoomw:1wmwwafuwwawmr\ugmnp2) nhnnumto-som;m
umanysmnsso(lm(:omF uncertainty at cafibratico freg y for the and. Fraquency vasdty
beiow 300 MHZ ts = 10, 25, 40, mwroummc«wr-amatao 6‘ 328, 150 and 220 Mz respectively, Abowe 5 GHZ frequency
vawnyunbommmmnwmz

* A requencias below 3 GHz, the validity of fssue parametess (= and o) can b refaued fo ¢ 10% & hiquid sompensalion foamula is appived 0
meosured SAR values. At froquancses abav 3 GHz, the validity of Tssue paramesers (v and ¢} is restncted 1o £ 5% The uncertanty & the RSS of
mwmﬂymwmmmm

d during

b SPEAG 1S that e i due to the boundary effect ater compansation is
amlyalemnun £ mmmmsmwmznwwmmmc&mwmmmmwwmw
dametar from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

. | Relative | Gonductivity [ ] epth™ [ Unct

T(MHz)® | Permittivity {Sim) ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 1240 | 1240 | 1240 | 000 | 100 | £133%
300 58.2 0.92 1134 | 1134 | 1134 | 005 | 110 | +133%
450 56.7 0.94 1086 | 1086 | 1086 | 012 | 120 | +133%
750 55.5 0.96 9.49 549 949 | 034 | 103 | +120%
835 55.2 097 9.55 9.55 955 | 050 | 080 | +120%
900 55.0 1.05 9.34 9.34 934 | 042 | 093 | £120%
1750 534 149 7.87 7.87 787 | 042 | 080 | £120%
1900 533 1.52 7.60 7.60 760 | 033 | 085 | £120%
2450 527 1.95 7.25 7.25 725 | 036 | 0BO | 120%
2600 525 2,16 7.40 7.10 710 | 024 | 080 | $120%
5200 49.0 5.30 471 47 471 | 040 | 190 | %131%
5300 489 542 4.44 444 444 | 040 | 190 | £131%
5500 486 585 4.14 414 414 | 045 | 190 | £131%
5600 485 577 3.93 3.93 393 | 045 | 190 | 2131%
5800 48.2 6.00 4.27 427 427 | 045 | 190 | 2131%

€ Frequency validty above 300 MHz of 4 100 MHz only sppies for DASY vé.4 and higher (soe Page 2), slse 3% restricied 1o 1 50 MHz. The
uncerainty is the RSS of the Coavi- uncenainty 8t cokbravon frequency and the uncertainty for the indicaied fraquency band. Froquarcy validity
bo_thOOMHxis:10,25.40.50.1”70%'«601%%130.64.123.!500M220MMM.W5MW
valicity can be extended 10 = 110 MHZ

" At frequencies below 3 GHz, the valcity of tissue parameters (c-and o) can be relaxed 1o = 0% if biquid on Sormuia is 3pokad to
measured SAR valas, At fraquencies above 3 GHz. the valdity of fissus parameaters (c 80d o) 6 restriciad to £ 5% The uncertainty is the RSS of
the CornE uncertainty for mdicated target tissue parameters,

© ae determined during calivrstion. SPEAG warmacts that the femaining deviaton due 1o the y effect after compansabion &

ahways loss than + 1% for frequencies below 3 GHZ nd bisiow = 2% for frequencies betwean 5.6 GHz at any dstance largee than hall the prabe fip
diameter from the boundary
Codtificate No: EX3-3965. Junis Page 6 of 11

F-TP22-03 (Rev.00) 145 /201 HCT Co., LTD



-~
‘—'C,- FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCOLLTD

EX3DV4- SN:3g6a June 18, 2015

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

Frequency response (normalized)

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

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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Uncertainty of Linoarity Assessment:  0.6% (k=2)
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Dynamic Range f(SARpeaq)
(TEM cell , foua= 1900 MHZ)
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Conversion Factor Assessment

1= 1900 MHz WGLS R22 (H_comf)

{ = 835 MMz, WGLS RS (H_convF)

i - i i
e «©< n . o < 0
3 jmm)

2l 2l )
i

- e

Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz

June 18, 2015

» ] e

2
vl

10 -08 06 -4 €2 00 02 04

1.0
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters
Sensor Arrangement Triangular
‘Conneclor Angle (7). - ERGER
Mechanical Surface Detection Mode snabled
"Oplical Surface Detection Mode T disabled
| Probe Overall Length = 337 mm
Probe Body Diameter 10 mm |
Tiptength - . amm |
Tip Diameter . 2,5 mm
‘msre_nsor? Calibration Point 1 mm
Probe Tip to Sensor Y Galibration Point 1mm |
Probe Tip to Sensor Z Calioration Point = Tmm |
["Recommended Measurement Distance from Surface l T4mm |
Certificate No; EX3-3868_Jun15 Page 11.of 11
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FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCT COLTD

Calibration Laboratory of S, Schwelzerischer Katibrierdienst

Schmid & Partner % g Service suisse d'étalonnage
Engineering AG Tt Servizio svizzero di taratura

Zeughaussirasse 43, B004 Zurich, Switzarland N S Swiss Calibration Service

Accredied by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service ks one of the signatories 1o the EA

Accreditation No.: SCS 0108

Muttilateral Agr for the recognition of calibration certificates
clent  HCT (Dymstec) Certificate No: D750V3-1014_Jul15
CALIBRATION CERTIFICATE
Ovject D750V3 - SN: 1014
Caliteution procedura(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Cadbration date: July 23, 2015

Thiz calibration corlificate documants the traceabilty to natonal standirds, which realize the physical units of meanuremanty (S1)
Ths measuremants and the uncedainties with confidence probabiity azs given on the fdlowing pages and are part of tho cortificate.

All eaibrations have been conducied In the closad labormony tacility. savironment tempenstune (22 = 3)'C ard humidty < 70%

Calibrtion Equpmont used (MATE critical for calibention}

Thes cafibration cenlificate shall not bo reproduced exoapt In full without weitten approvil of the laboratory

Primary Standieds L) Cal Date {Centificate No ) Scheduled Catbration

Power mater EPM-442A GBI7480704 07.0ct-14 (Na. 217-02020) Oct-15

Powet sansor HP B4G1A USI72927683 0706114 (N 217-02020) Oct-15

Power sensot 4P B4B1A MY41092317 07-Oct-14 (No. 217-02021) Oct-15

Raferonce 20 dS Attenusiorn | BN 5058 (20%) 01-Apr 18 {No. 217-02131) Mar-16

Typa N mismatch comtsnation BN 50472 / 06327 O1-Apr-15 (No. 217-02134) Mar 16

FReteronce Probe ESIOVI SN: 3205 30-Doo-14 (No. ES3-3205_Dac14) Dec-15

DAE4 SN 60 18-Aug- 14 (No. DAES-801_Augi4) Aug-15

Secondary Standards 10 Check Date (in house) Scheduled Check

AF generator BAS SMT-06 100005 02-Aug-98 (in house check Oct-13} In house checx; Oct-18

Notwork Analyzer H® G753E USITIN058S 54206 18-0ct-01 {in houss chack Oct-14) In housa check: Oct-15
Noma Functon o

Callbratact by Michael Websr Lubaeisory Technician 7%-

Approved by Kntin Pokovic Tochnical Managsr

G- C:f: ;/gl/{J

tusued: July 23, P06
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Calibration Laboratory of

Schweizerischer Kalibrierdienst
Schmid & Partner Service sulsse ¢ dtalonnage
Enginearing AG Sevvizio svizzero di taratura
Zeughoussirasse 43, 8004 Zurich, Switsertand Swisa Calibration Service
Accredited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is one of the signatories to the EA
Multlisteral Agreomant for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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 artented
paraliel to the body axis,

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

HCTCOLLTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapciation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MMz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Hoad TSL parameters 220°C 419 0.89 mhao/m
Measured Head TSL parameters (220202)"C 42548% 0.80 mho/m =6 %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 measurad 250 mW input power 2.05 Wikg
SAR for nominat Head TSL parameters normabized to 1W 8.15 W/kg = 17.0 % {k=2)
SAR sveraged over 10 cm® (10 g) of Head TSL conditson
SAR measurad 250 mW input power 1.34 Wikg
SAR for nominal Head TSL paramelers normmalized to 1W 5.33 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parametors 220'C 555 0.96 mha/m
Measured Body TSL parameters (220:02)°C 55.126% 0.898 mho/m 2 6 %
Body TSL temparature 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 nofmalized to 1YW B8.49 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR lor 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

Impadance, transformed to feed point 5380Q+1.7Q

Ratum Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4910-130Q
Retumn Loss -36.0dB

General Antenna Parameters and Design

| Esectrical Delay (one direction) [ 1,036 ns |

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

The dipole is made of standard sernirgid coaxial cable. The center conductor of the feeding fine is directly connected 1o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order 16 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 length is still
according 10 the Standard

No excessive force must be applied 10 the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 22, 2010
Cenificate No: D750V3-1014_Juls Paged4 ol 8
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DASYS Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN: 1014

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

Medium parumeters used: [ = 750 MHz; o = 0.9 S/m; = 42.5: p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
o  Probe: ES3DV3 - SN3205; ConvF(6,44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flut Phantom 4.9L; Type: QDOOOP49AA: Senal: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grnd: dx=5mm, dy=35mm, dz=5mm

Reference Value = 53,32 V/m; Power Drift = -0.00 dB

Peak SAR (extrupolated) = 3.05 Wikg

SAR(1 g) = 2.05 W/kg: SAR(10 g) = 1.34 W/kg

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

d8
0

-2.00
-4.00
-6.00

-10.00

() dB = 2.40 W/kg = 3.80 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.07.2015
T'est 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; a = 0.98 S/m; & = 55.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e  Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 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=3mm, dz=5mm

Reference Value = 52,42 Vim: Power Drfi =001 dB

Peak SAR (extrapolated) = 3.15 Wikg

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

Maximum value of SAR (measured) = 2.51 W/kg

a8
0

-2.00
-4.00
-5.00
-8.00

-10.00

0dB =251 W/kg =4.00 dBW/kg
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Report No: HCT-A-1604-F004-1

HCT CO,LTD

Calibration Laboratory of S, Schwetzerischer Kalibrierdienat

Schmid & Partner %’& G Service suisse d talonnage
Engineering AG g Servizio svizzero di taraturs

Zeughausstrasse 43, D004 Zurich, Switzerland % Lﬁ‘\;’ S Swiss Calibration Service

Accredied by the Swess Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No.: SCS 0108

Muttilateral Ag for the recognition of calibration cerificates

ciiet  HCT (Dymstec) Cartificate No: DB35V2-4d165_Nov15
|CALIBRATION CERTIFICATE

|

{ Object D835V2 - SN: 44165

Cattiration procodure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Cafitstion date: November 24, 2015
This calibestion cortificate docurmernts the trac y lo dards, which realize the physical unis of mes vents {S1),

The measurameonts and the

with conll

Calvralion Equipmant used (MATE critical for calbrabon)

oo probability are given on the following pages and are part of the cenificate

Af calibrations have been conductod in the closed lsboratory faciity: environmaent temperature (22 + 3)°C and humidity < 708%.

This calrafion cerificate shall not be repeodicsd sxcept in full without withen appeoval of the labaratory.

Primary Standards 1D # Cal Date (Certificale No | Scheduled C. n

Power motor EPM-442A GB374807De 07-0ct:15 (No. 217-02227) Ocr 16

Power sensor HP 8481A USH7292783 07-0c-15 (No. 217-02222) Oct16

Power gansor HP 8481A YA 0e2E Y 07-Oct-15 (No. 217-02223) Oct-16

Reterence 20 dB Atteruator SN 5058 (20x) O1-Apr-15 (No. 217-02131) Mar-18

Type-N mismatch combination SN 5047.2/ 06327 01-Ape-15 (No. 217-02134) Mar-16

Reterance Probe EX30VE SN T340 30-Oec-14 (No. EX3-7349_Dectd) Dec-18

DAE4 SN: B0 17-Aug-15 (Na. DAEA-801_Aug15) Aug-16

Secondary Stangards Dw Check Dute (n houssa) Scnedufed Chack

RF ganertor HAS SMT-06 100072 15-Jun-15 (in housk chock Jun-15) i house chock: Jun-18

Network Anatyser HP 8753E US37300605 S4206 18.0¢1-01 (in house check Oct15) In house check: Oct-16
Name Function Signature

Caltwated by Michasl Waber Laborstory Tochnician I %

Approved by. Kasia Pokovic Technical Manager

e~

sued Novembaer 24, 2015

Cerificata No: DB35V2-4d165_Novi5
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HCT CO,LTD
Calibration Laboratory of Schwetserisctrer Katibrierdi
Schmid & Partner Servico aulsse d'étalonnage
Engineering AG Servizio svizzero i taraturs
Zoughaussirasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Accredited by the Swiss Accradiution Senice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Multilateral 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) |IEC 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with TSL: The 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.

« 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 1o a coverage
probability of approximately 95%.

Centificate No: DB35SV2-4d165_Novis Page20f8
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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 15 mm with Spacer
Zoom Scan Resolution dx, dy, gz = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°'C 415 0.90 mho/m
Measured Hoad TSL parameters (220202)°C 426=6% 0.92 mho/m =<6 %
Head TSL temperature change during test <05'C — -
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 229 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 Wikg
SAR tor nominal Head TSL parameters normalized to 1W 5.90 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied
Temperature Pormittivity Conductivity
Nominal Body TSL parameters 20"C 552 0.97 mha/m
Measured Body TSL parametors (220202} °C 556:6% 0.99 mho/m =6 %
Body TSL temperature change during test <057°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 parametars nomalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW nput power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg = 18.5 % (k=2)
Coarntficate No: DB35V2-4d185_Novi1s Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point S21Q-47Q
Returm Loss -260dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780 -68jQ
Return Loss -227d8

General Antenna Parameters and Design

I Elactrical Deiay {one direction) J 1440 ns ]

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

The dipole is made of standard samingid coaxsal cable, The center conductor of the feeding line is directly connected 1o the
second am of the dipole. The antenna is therefore short-circuitad for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve malching when loaded according to the position as éxplainad in the
"Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard

No excessive lorce must be appled 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on December 28, 2012
Certificate No: D835V2-4d165_Nov1s Pagadol 8
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DASYS Validation Report for Head TSL

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

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

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

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

DASYS2 Configuration
« Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77. 9.77); Calibrated: 30.12.2014;
¢ Sensor-Surface: | .4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08,2015
»  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« 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=5mm, dz=Smm

Reference Value = 60.39 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 Wikg

SAR(1 g) = 2,29 W/kg: SAR(10 g) = 1.49 W/kg

Muximum value of SAR (measured) = 3.03 Wikg

432

-lamn

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

Cenificate No: DB3SV2-4d165_Nov15 Page50i8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: D835V2; Serial: D835V2 - SN: 4d 165

Communication System: UID () - CW; Frequency: 835 MHz

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

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

DASYS52 Configuration:

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

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17,08,2015
Phantom: Flat Phantom 4.91; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222), SEMCAD X 14.6,10(7331)

Date: 24.11.2015

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

SAR(1

g) =24 W/kg; SAR(10 g) = L.58 W/kg

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

L8

an

wmn

0dB =317 W/kg=5.01 dBW/kg

Certilicate No: DB35V2-40165_Nov15 Page 7 of 8
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HCT CO,LTD

Calibration Laboratory of S0P bk o

Schmid & Partner = V/ A S mm‘m
Engineering AG % C  sarvisio svirsoro & taratura

Zeughausstrasse 43, 8004 Zurich, Switzerand SN S Swiss Calibeation Service

Accrodited by the Swiss Accretitation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibreation certificates

Clisnt HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D1800V2-2d006_Jan16

CALIBRATION CERTIFICATE
Otiject D1800V2 - SN: 2d006
Calibeation procedureds) QA CAL-05.v9

Callbration procedure for dipole validation kits above 700 MHz

Caliteation date. January 22, 2016

This calitxation centificato documonts the tracoabiity 1o national standards, which realize the physical units of measuremants (51)
The measurements and the ur with confidence probabilty are given on the lallowing pages and aro part of the cedificate

All caltrutions have been conducted in the closed labormtory lacliity: amironment tomparature (22 = 3)°C and humidity < 70%.

Calibention Equipmant used (MATE ontical for calibeation)

This catibration certificate shall not be reproduced axcept in Tull without wrilten aporoval of the laboratory.

Primiary Standans N Cal Date (Cortlicate No.) Scheduled Catbration
Power metar EPM-2424 GB37480704 07-00t-15 (No. 21702222) Oct-18
Power sensor HP 8481A usS3Irae2as 070ct15 (No. 217-02222) Ocr-16
Pawar sansor 1P 8481A MY/1002317 07-0ct-15 (No. 217-02223) Oct-18
Heforance 20 dbl Attanuator SN: 5058 (20x) 01-Apr15 (No. 217-02131) Mar-16
Type-N mismatch combination SN: 5047 2/ 08327 01-Apr-15 (No. 217-02134) Mar 16
Awterance Probe EX30V4 5N 7349 31-Dee-15 (No. EX3-7348_Dec1s) Dec-16
DAE4 SN: 601 30-Dac-15 (No, DAEA-801_Dects) Dec-18
Secondary Standards 1D ¥ Check Date (in house) Scheduled Check
AF ganorator RS SMT-06 100672 15-Jun-15 (in house chack Jun-15) In housa check: Jun 18
Natwork Anadyzar HP 87536 US37390585 54206  18-0ct-01 (in house chack Ol-15) In house check. Oct-16
Name Function
Calibrated by Michasl Wabet Lsboratory Techalcian 2;7 “é !
.
Approved by Kafja Pokavic Techmcal Marager

e

1ssu0a: January 25, 2016

Centificate No: D1800V2-2d006_Jan16
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Calibration Laboratory of oL ——
Schmid & Partner N S Service suisse d'étalonnage '
Engineering AG % C  servitio svizsero & saratrn
Zeughsusstrasse 43, 8004 Zurich, Switzerland £ 4@,\3} S Swiss Calibration Service
Accrediled by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) |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 avaitable from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

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

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

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

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

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

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

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

Cartificate No: D1800V2-2dD06_Jan18 Page 20l 8
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Measurement Conditions
DASY system configuration, as lar as not given on page 1.
DASY Version DASYS vs2es
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 1800 MHz & 1 MHz
Head TSL parameters
The following parameters and calculations wire applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1,40 mho/m
Measured Head TSL parameters {2204£02)"C 401 £6% 1.39 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 9.57 Wikg
SAR for nominal Head TSL parameters normahzed to TW 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.03 Wikg
SAR for nominat Head TSL parameters nommalized to TW 20.2 Wikg = 16,5 % (k=2)
Body TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters {220+02)°C 537x6% 1.52 mho/m = 6 %
Body TSL temperature change during test <05°C e e
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized 10 TW 20,2 Wikg = 16.5 % (k=2)
Cenificate No: D1800V2-2d006_Jan16 Page3of8
F-TP22-03 (Rev.00) 170 /201 HCT CO., LTD
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Report No: HCT-A-1604-F004-1

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformead to feed point 4650-68jQ
Aotumn Loss -22.14d8
Antenna Parameters with Body TSL
Impedancs, transformed 1o leed point “rTQ-621
Aeturn Loss -213d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

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

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

according to the Standard

No axcassive force must be applied to the dipole arms, becauss they might bend or the soldared connections near the

feadpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Cartificate No: D1800V2-2d006_Jan16

Pagadof 8

F-TP22-03 (Rev.00)

171 /201

HCT CO., LTD



-~
‘—'-C'- FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCOLLTD

DASYS Validation Report for Head TSL

Date: 22,01.2016
l'est Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISO0V2 - SN: 24006

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

Medium parameters used: = 1800 MHz; a = 1,39 S/m; & = 40.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31,12.2015;
« Sensor-Surface! 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA: Senial: 1001

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

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

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

Peak SAR (extrapolated) = 17.5 Wikg

SAR(] g) = 9.57 W/kg: SAR(10 g) = 5.03 W/kg

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

-3.60
-71.20
-10.80

14,40

-18.00

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

Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: DISOOV2 - SN: 2d006

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

Medium parumeters used: f= [800 MHz; o = 1.52 S/m; &= 53.7; p = 1000 kg/m’
Phantom section; Flat Scection

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17). Calibrated: 31.12.2015;
s Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDDOOPSOAA; Serial: 1002

« DASYS5252.88(1258);. SEMCAD X 14.6.1(7372)

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

Reference Value = 102.4 Vim; Power Drift = 0.01 dB

Peak SAR (extrupolated) = 16.8 Wikg

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

Maximum value of SAR (measured) = 14,4 Wikg

-7.20

14,40

0dB = 14.4 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCTCOLLTD
Calibration Laboratory of A, Sreciaisohey KR e
Schmid & Partner Sa=r e Servico sulsse a'a-::n.g.
Engineering AG % C  Serviaio svizaero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland {'f,,,“,//r'\?‘w\? S Swiss Catibration Service

Aocredited by the Swiss Accreditation Secvice (SAS)
The Swiss Accreditation Service is ane of the signatories to the EA
Multitatoral Agreement for the recognition of calibration cortificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certiticate No: D1900V2-5d032 May15

CALIBRATION CERTIFICATE

Cbjoct D1900V2 - SN: 5d032

Cailyration procedure(s) QA CAL-05.v8

| Galibration date:

May 20, 2015

Calloration Equipment used (MATE critica for caiibention)

Primary Standards |14

Calibration procedure for dipole validation kits above 700 MHz

This calibeabion cetificata documents the tracaabilly 1o réficnal standands, which realize the physical units of measurements {Si)
Tha measuramuonts and the uncedalntias with confidence probability are given on the folowing pages and are pant of the certificate,

AZ calibeations have been canducted In The closed labormiary facity: emdrcomant temparmture (22:= 3)°C and humidity < 0%

This calibestion cerificate shal not be reproduced axcegt in full without weithan apprava al the |labodatony

Cal Date (Certificale No.) Scheduled Calitration
Powar meder EPM-4424 GB37480704 07-0ct-14 (Na. 217-02020) Oct-15
Pawer sersor HP 84814 | US37290783 070114 (No, 217-02020) Oct-15
Powar sansor HP 84814 | My21002317 O7-Oct-14 (No. 217-02021) Oct-15
Feterance 20 dB Atenuaton SN: 5058 (20k) 01-Apri5 (No, 21 7-02131) Mar-16
Type-N mismalch combination SN S0472 (06327 O1-Apr-35 (No. 217-02134) Mar-16
Pefarence Probs ES30OVE | SN 3208 30-Dec-14 (No, ES3-4206_Dec14) Dec-15
DAE4 I SN: 601 1B-Aug-14 (No. DAEG-E01_AugT4) Aug-15
Secondary Standards liow Check Dase {in house) Schoduled Check
RF generator RS SMT-06 | 100008 04-A1g-36 (i house check Oct-13) I houss check; Oct-16
Network Analyzor HP B753E | US37980695 54208 18-O5t-01 (in house chack Oct-14) I house check: Oct-15
Name Function Signature
Calitwated by: Le# Klysnor Laburatory Technician W ¢
Approved by Katja Foxovic Technical Manisgor

Issued: May 20, 2015
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Calibration Laboratory of G Schweizerischer Kalibrierdienst
Schmid & Partner c Servico sulsse d'dalonnage
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Zeughaussirasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accredited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiaterat Agreement for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liguid

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) 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.

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 Retum 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.

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

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

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

« SAR for nominal TSL parameters: The meastred 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%.

Certficate No: D1900V2-5d032_May15 Page 20l 8
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HCT CO,LTD
Measurement Conditions
DASY system configuration, as far as nol 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 ax, dy, dz2 = 5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 400 1.40 mha/m
Measured Head TSL parameters (220:202)°C 38928% 1,37 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 10.2 Wikg
SAR for nominal Head TSL parameters normadized ta 1W 41.1 Wikg = 17.0 % (ku2)
SAR averaged over 10 cm” (10 g) of Head TSL cordition
SAR measured 250 mW input powes 5.33 Wikyg
SAR for nominal Head TSL parameters nommalized 10 1W 21.4 Wikg + 16.5 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters {220+02)*C 52.7286% 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 Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TS parameters nomalized to 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 5.41 Wikg
SAR for nominal Body TSL paramelers notmalized to 1W 21.7 Wikg = 16.5 % (k=2)

Certificate No: D1900V2-5d032_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiomed to feed point 5130+52i0
Return Loss -255dB

Antenna Parameters with Body TSL

Impedance, transfarmed 1o feed point A74404+551Q
Retum Loss -242d8

General Antenna Parameters and Design

| Eloctrical Delay (one direction) | 1,195 ns B

After long term use with 100W radiated powar, only a stight warming of the dipole near the feedpoint can be maasurad.

The dipote is made of standard semirigid coaxial cabie, The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o Imprave matching when loaded according 1o the position as explained in the
"Measurement Conditions™ pasagraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excessive force must be appiied to the dipole arms, because thay meght bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured on March 17, 2003
Cortificate No: D1900V2-5d032_May15 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 20.05.2015
Test Laboratory; SPEAG, Zurich, Switzerfand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54032

Communication System; UID 0 - CW; Frequency: 1900 MHz2

Medium parameters used: f = 1900 MHz; ¢ = 1.37 S/m: g, = 38.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/TEC/ANSIL C63.19-2011)

DASY52 Configuration:
« Probe: ES3IDV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
» Sensor-Surface; 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Snol1; Calibrated: 18.08,2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senal: 1001

« DASY3252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.00 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

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

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

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg

Certificate No; D1900V2-5d032_May15 Page 50l 8
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impedance Measurement Plot for Head TSL
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DASYS5 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: 6 = 1.51 S/fm; &, =527, p = 100 kg/m'
Phantom section: Flat Scetion

Measurement Standard; DASYS (IEEEAEC/ANST C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4.65), Calibrated; 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 3.0 (back): Type: QDOODOPSOAA; Serial: 1002

» 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=Smm, dy=5mm, dz=5mm

Reference Value = 96.54 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(I g) = 10.2 W/kg: SAR(10 g) = 5.41 W/kg

Maximum value of SAR (measured) = 12,8 Wikg

0dB =12.8 W/kg = 11.07 dBW/kg

Certificate No: D1900V2-5d032_May15 Page 7 of 8

F-TP22-03 (Rev.00) 182 /201 HCT CO., LTD



CT

HCTCOLLTD

FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of ST, Schweizerischer Kalibrierdieast
Schmid & Partner S 3 Service sulsse d'étalonnage
Engineering AG e c Seryizio svizzero di taratura
Zeughausstrasse 33, 8004 Zurich, Switzerland % ,/f-?.\\,.\? S swiss Calibration Service

Accradited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

Chient Certificate No: D2450V2-743 May15

CALIBRATION CERTIFICATE

Oject D2450V2 - SN: 743
Calibrstion procedurels) QA CAL-0549 : S

glibration procedure for dipole validation kits-above 700 MHz
Calibration date: May 19, 2015

Thia caibration cartificate documaeits tha traceatilily 10 national standards, which reakza the physical units of measuremants (S1)
The measurements and 1ha uncerainiies with contidence peobabiity ace given on the foflowing pages and are part of the cerificate.

Caliteation Equipmant used (MATE vriical far calibration)

Al calibrations have been conducied in the casod laboralory fadiity: eavironment fempariture {22 = 3)"C and humidity < 70%.

Primary Standarcs LD # Cal Data (Certiicate No.) Scheduled Catbration

Power meter EPM-442A | GBa7as0T0s 07-Oct-14 (No. 247-02020) Oct-15

Power sansor HP 84812 USa7202783 O7-Oct-14 (No. 217-02020) Oct-16

Power sensor HP B481A MY41092317 07-Oct-14 (No, 237-02021) Oct-15

Reference 20 4B Atlenissior SN: 5058 (20K) 01-Apr-16 (N, 217-02131) Mar-16

Typa-N mismatch combination SN 50472/ 05327  O1-Ap-15 (No. 217-02134) Mar-16

Roferonce Probe ES30V3 SN: 3205 30-Dec-14 {No. ES3-3205, Dectd) Dec-15

DAE4 SN: 601 18-Aug-14 {No. DAES-E01_Aug14) Abg-15

Secondiry Standards 10 # Check Data (in house) Scheduled Chack

AF generator R&S SMT-06 100005 02-Aug-22 (in house check Oct-13) In house check: Oct-18

Natweek Analyzee HP B753E US3ATIN06E8s 54206 18-Oct-01 (in house chack Oot-14) In house check: Oct-15
Name Function ¥

Calitreied by: Michae! Webet  Labaraiory Tachnician 7 %_

£ ’
Approved by, Kitja Pokowic Technical Manager.

Issued: May 20, 2015

This calibeation centticate shall not be reprocucad axcept In full without written aporoval of the
Certificate No: D2450V2-743_May1s Page 10f8
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Accredited by the Swiss Accreditation Senvics (SAS) Accreditation No.: SCS 0108

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

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
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

¢) 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.

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 dipele
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.

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

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

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

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

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

probability of approximately 95%.
Certificate No: D2450V2-743_May15 Page 2 of &
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Report No: HCT-A-1604-F004-1

Measurement Conditions

DASY system configuration, 83 far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,. dz =5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 382 1,80 mho/m
Measured Head TSL parameters {226=202)°C 3789+6% 1.84 mho/m £6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR maasured 250 mW input power 5.32 Wikg
SAR for nominal Head TSL perameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 527 1,95 mho/m
Measured Body TSL parameters (220£02)°C 507 +6% 203 mho'm+6 %
Body TSL temperature change during test <05°C —— -
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.4 Wikg
SAH for nominal Body TSL parameters notmalized to 1W 52.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.20 Wikg
SAR for nominal Body TSL paramaters narmatized to 1W 24.4 Wikg 2 16.5 % (k=2)
Cortiticate No: D2450V2-742_May15 Page3of8
F-TP22-03 (Rev.00) 186 /201 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+44 12
Return Loss -246dB

Antenna Parameters with Body TSL

Impadance, translormed to feed point 5140+6.1jQ
Return Lass -2424d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) [ 1160 ns |

After lang term use with 100W radiated power, only a shight 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 connecied 1o the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals, On some of the dipoles, srall end caps
are added 1o the dipole amms in order to improve matching when loaded according to the position as explained i the
*Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is st
according to the Standard.

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_May15 Page 4 of 8
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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 = |84 §/m; &= 37.9; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3203; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (TxTx7)/Cube O:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.4 V/m; Power Drift =0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6,32 W/kg

Maximum value of SAR (measured) = 17.7 Wikg

dB

-4.80
-9.60
-14.40
-19.28
-24.00

0dB =177 W/kg = 12,48 dBW/kg

Certificate No: D2450V2-743_May1s Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS 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 () - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz: 6 =2.03 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/ABC/ANS] C63.19-2011)

DASY52 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 4,32); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back): Type: QDODOP30AA; Serial: 1002

« 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 =96.12 V/m: Power Drift = -0.02 dB

Peak SAR (extrapolated) = 27.9 Wikg

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

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

dB

-4.80
-3.60
-14.40
-19.20
-24.00

0dB = 17.7 W/kg = 12.48 dBW/kg

Certificate No: D2450V2-743_May15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Cartificate No: D2600V2-1106_Feb16

Swiss Calibration Service

Accreditation No.: SCS 0108

CALIBRATION CERTIFICATE

Object

Calbration date:

This cai

Calorabon procedure(s)

D2600V2 - SN: 1106

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

February 18, 2016

certificate dc tha
The maasuramants and tha uncenuinties with confidence probabiity ure given on the lolowing pages and are par of the certificale

Calration Equipment used (MATE critical for calration)

bility %0 nat

| 05, which realize the physical units of measurements (SI)

All colibrations have Deen conducted in 1ho closed laboratory faciity. environmant lemperatice (22 + 3)°C and humidity < 70%

Primary Standands 1D » Cal Date (Ceértitcate No.) Scheduled Calibention
Power metor EPM-442A GB374807T04 07-Oc1-15 (No, 217.02222) Oct-16
Powar sansor HP BSIA Usdrasaran 07-Oct-15 (No, 21702222 Oct-18
Power sengor HP B4B1A MY&1062317 07:Qpt-15 (No, 217.02223) Oct 16
Ralerence 20 0B Atlenusion SN: 5058 (20%) 01-Ape-15 (No, 21702131) Ma-18
Type-N miamaich combination SN; 5047.2 1 06327 01:Ape-15 (No, 217-02134) Mar 36
Ralorence Probe EX3DV4 SN: 7349 F1-Dec-15 (No. EX3-7349_Dect5) Dec-16
DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Dec15) Coc-16
Sscondary Swndands ioe Check Dme (in houss) Scheduled Chack
RF genarator RAS SMT-06 100672 15-2un 15 (In house chack Jun-15) In house check: Jun-18
Network Analyzer HP 8763E USI7300585 S4208 18-0ct-01 (In house chack Oc1-15} In housa chack: Oct-16
Nama Function Si o
Calibested by: Claudio Leubier Laboratory Tachnician
| Approved by Kafia Pokovic Technical Manager

Issped. Februnty 16, 2016

This calitwation carntificate shal not be reproduced oxcopt In Il without wilston approval of the laboratory
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Calibration Laboratory of LAY ainerls
Schmid & Partner SN % S ::te. -u::'m B
Engineering AG 2 < C Servizio svizzaro di tarsturs
Zoughsusstrasse 43, 8004 Zurich, Switzertand ’«.,ﬁ.? S Swiss Caliwation Service
Aocredied by tha Swiss Accreditation Sarvice {SAS) Accregitation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitateral Agr for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

¢) IEC 622089-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Centificate No: D2600V2-1106_Feb16 Page2af 8

F-TP22-03 (Rev.00) 193 /201 HCT Co., LTD



-
FCC ID: ZNFK580H

Report No: HCT-A-1604-F004-1

HCT COLLTD
Measurement Conditions
DASY system configuration, 8s far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MMz + 1 MHz
Head TSL parameters
The following parameters and calculations were apphod
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 30.0 1.96 mho/m
Measured Head TSL parameters (220+£02)°C 381:6% 2.01 mho/m + 8 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 om” (1 g) of Head TSL Candition
SAA measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized to 1W 55.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAH measured 250 mW input power 616 Wikg
SAR for nominal Head TSL parametars nomalized 1o 1W 24,5 Wikg = 16.5 % (k=2)

Body TSL parameters
The lollowing paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 525 2.16 mho/m
Measured Body TSL parameters {220:02)°C 525+6% 218 mho/m =6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.4 Wikg
SAR for nominal Body TSL parameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input powar 594 Wig

SAR for nominal Body TSL parameters

normalized to 1W

23.7 W/kg = 18.5 % (k=2)

Cenificate No: D2600V2-1106_Feb16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4850-73 0
Retum Loss -227d8

Antenna Parameters with Body TSL

Impedance, transformed to {eed point 4480Q-804
Retum Loss -2154d8

General Antenna Parameters and Design

I Electrical Delay (one direction) | 1.150 ns

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

The dipole 15 made of standard semingid coaxial cable, The center conductor of the feeding fine is directly connected 10 the
sacond arm of the dipole. The antenna is therefore short-circulted for DC-signals. On gome of the dipoles, small end caps
are added to the dipole arms in order to Improva matching when ioaded according 1o 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 excesaive force must be apphed to the dipole arms, because they might bend or the soldered connections near the
lsadpoint may be damaged.

Additional EUT Data

Manutacturad by SPEAG
Manutactured an Fobruary 18, 2015
Cartihicato No: D2600V2-1106_Feb16 Paged ol 8
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DASYS5 Validation Report for Head TSL

Date: 18.02,2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

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

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

DASYS52 Configuration:
¢ Probe: EXADV4 - SN7349; ConvF(7.49, 7.49, 7.49), Calibruted: 31.12.2015;
* Scnsor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 30.12.2015
e Phantom: Flat Phuntom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

o DASYS2528.8(1258); SEMCAD X 14.6.10(7372)

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

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

Peak SAR (extrupolated) = 29.4 Wikg

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

Maximum value of SAR (measured) = 23.1 W/kg

-4.89
-9.77
-14.66
-19.54

-24.43

0dB =23,1 W/kg = 13,64 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.02.2016
'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz: Type: D2600V2; Sertal: D2600V2 - SN: 1106

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

Medium parameters used: = 2600 MHz; o= 2.18 S/m; £, = 52.5; p= 1000 Lg-’uf
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6). Calibruted: 31.12.2015;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 30,12.2015

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

« DASYS2352.8.8(1258), SEMCAD X 14.6.10(7372)

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

Reference Value = 104.1 V/m; Power Drift = 0,05 dB

Peak SAR (extrupolated) = 27.7 Wikg

SAR(1 g) = 134 W/kg: SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

d8
0

-4.82
-9.64
-14.46
-19.28

-24.10

0dB =21.2 W/kg = 13.26 dBW/kg

Cartificate No: D2600V2-1106_Feb16 Page 7ot 8

F-TP22-03 (Rev.00) 198 /201 HCT CO., LTD



-~
‘—'a- FCC ID: ZNFK580H Report No: HCT-A-1604-F004-1

HCTCO,LLTD

Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

Ingredients Frequency (MHz)
(% by weight) 2450-2700 5200 - 5 800
Tissue Type Head | Body | Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.4 0.9 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 | 47.2 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.2 0.1 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 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether
Composition of the Tissue Equivalent Matter
F-TP22-03 (Rev.00) 200 /201 HCT CO., LTD
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Attachment 6. - SAR SYSTEM VALIDATION

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

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

Dielectric Parameters CW Validation Modulation Validation

Probe

Hiaze Calibration | Dipole Date

Measured Measured Probe | Probe MOD. | Duty

R Point Permittivity Conductivity| SC"SVIY || inearitylsotropy Type |Factor TAR
4 1605 [ET3DV6 | Head | 750 | 1014 | 2015.08.14 42.1 0.9 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body | 750 | 1014 | 2015.08.14 55.7 0.98 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS PASS | PASS | N/A | N/A | N/A
3 3797 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS |GMSK|PASS| N/A
3 3797 [EX3DV4 | Head |1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body [1800| 2d006 | 2016.02.08 53.1 1.5 PASS PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Body [1800| 2d006 | 2016.02.08 53.1 1.5 PASS PASS | PASS | N/A | N/A | N/A
3 3797 EX3DV4 | Head |1900| 5d032 | 2015.12.01 40.1 1.41 PASS PASS | PASS | N/A | N/A | N/A
3 3797 EX3DV4 | Head |1900| 5d032 | 2015.12.01 40.1 1.41 PASS PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Body [1900| 5d032 | 2015.06.04 52.4 1.51 PASS PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Body [1900| 5d032 | 2015.06.04 52.4 1.51 PASS PASS | PASS | N/A | N/A | N/A
8 3967 |[EX3DV4 | Head |2450| 743 |2015.12.28 39.3 1.79 PASS PASS | PASS |OFDM| N/A |PASS
9 3968 |EX3DV4 | Body (2450| 743 |2015.07.01 52.9 1.98 PASS PASS | PASS |OFDM| N/A |PASS
8 3968 [EX3DV4 | Head |2600| 1106 |2016.03.07 39.2 1.94 PASS PASS | PASS| NA | N/A | NA
3 3797 |EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 2.12 PASS PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

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