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HCT (Dymstec) : = :
This caltrabion cerificate documents the iraceabilly 10 nabional slandands, which realize the physical units of me ts 159
The meast and the Intles with confidence pratobilty ore given o the Tollowing pages and are pan of (he certificade.
All calitratons heve besn conducted n the doasd lab y facity: t ternp {22 = 3°C and humidity < 70%.
Calbraton Equipment used (MATE catical for calibration)
Srangerds [ Cal Date {Cersficato No.) Scheduied Calteation

Power meter 44198 GBAI2A3874 Qt-Apr-15 {No. 247-02128) hasi-16

Power sensor EA412A MY4£1456087 01-Apr-18 (No. 217-02128) Mar-16

Refarence 3 08 Atterussion SN. 55054 (3c) O1-Apt-15 (No. 2'17-&1@ Mar-18

Re 20 6B Attenustor | SN: S5277 (20%) 01-Apr-18 (No. 247-02132) Mar-18

Rederence 30 0B Attenuator SN 55129 (305) O01.Ape-15 (No. 247.02133} Mar-16

Referance Probe ES30VZ SN: 3013 40-Dec-14 (No. ES1.3013_Decid) Dec-15

DAE4 SN: 680 t4.Jan-15 (No. DAE4-669_Jan15) Jan-16

Secondary Stancands Check Date (in house) Scheduled Check

RF gersator HP 86450 US 3642001700 4-Aug-9d (in house check Apr-13) 1n Nouss chack: Ape- 15
Natwork Analyzar HP 8753E US3739068% 18.0ct.01 {in house check Cet-14) In houss check: Oct-15
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HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015

Calibration Laboratory of §  Schweizerischer Kafibrierdienst

Schmid & Partner G Service suisse détalonnage
Engineering AG g Servisiosvizzero df taratura

Zeughousstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service

Accredited by the Swiss Accradiation Service (SAS) Accroditation No.: SCS 0108

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

Muititateral Agreoment for the recognition of caiibration cortificates

Glossary:

TSL tissue stmulating liquid

NORMx,y.2 sensitivity In fres space

ConvF sensitivity in TSL / NORMx.y.2

DCP dioda compression point

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

ABCD modulation depandent finearization parameters

Polarization o » rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

»  NORMx.y,z: Assessed for E-field polarization 8 = O {f < 900 MHz in TEM-celf; f > 1800 MHz: R22 waveguide).
NORMx.y.z are anly intermediate values, i.¢., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

«  NORM{f)x.y.z = NORMx.y,2 * frequency. response (see Frequency Response Chart), This nearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi.

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

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

s Axy.z Bxy.z Cxyz Dryz VRxyz A B, C. D are numencal linearzation parameters assessed basad on
the data of power sweep for specific moduiation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode,

o 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
measuraments for f > 800 MHz. The same setups are uséd for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMzx.y.z * ConvF whereby the uncertainly corresponds to that given for ConvF, A frequency
ConvF is used in DASY version 4.4 and higher which allows extending the validty from £ 50 MHz to + 100
MHz.

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

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

« Connactor Angle: The angle is assessed using the information gained by determining the NORMx (no

uncertainty required).
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ETIOV6 ~ SN:1605 Apeil 27, 2015

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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HET R, LT

FCC ID: ZNFH960

Issue Date:

09. 08, 2015

ETIOVE~ SN, 1605

Apal 27, 2015

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

Basic Calibration Parameters

Sensor X Sensor ¥ | Sensor Z Unc (k=2) |
Norm (uV/(Vim)*)" 149 191 1.61 2101 %
OCP (mV])" 100.4 99.7 | 100.3
Modulation Calibration Parameters
oo Communication System Name I a 8 ¢ D | VYR | Unc
- | | e8| dByRv | d8 mv {k=2)
o | CW X1 o0 00 | 10 | 000 | 1696 | 230%
| Y1 o0 | o0 16 | Thedz |
| [z 00 | oo | 10 | 1777

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

* The uncenainties of NormiX,Y .2 do not aftect the E*field urcatanty inside T5L (soe Pages 5 and §)

" Numerical Srpanzation pardmetes: uncertainty nol requined,

¥ ncertainty s determingd using the max deviation from linear resporse applying reclanguiar disinbution and o oxpressed for the sauare of the

Sadd value
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HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015

ETA0VH- SN:1605 Apeil 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f {(MHz) © P:mm' co:(:g:nc)u e ConvF X | ConvFY | ConvFZ | Alpha® mf l(’l:::‘lt)
750 419 0.89 664 6.64 584 | 026 | 300 | $120%
835 415 0.90 6.33 6.33 633 | 028 | 300 | #120% |
900 415 0.87 6.14 5.14 614 | 031 | 300 | +120%
1450 05 | 120 537 5.37 537 | 045 | 284 | +120%
1750 40,1 137 5.20 5.20 520 | 073 | 215 | +120%
1900 40.0 140 | 501 501 | 501 | 080 | 212 | s+120%
1950 40.0 140 | 494 4.94 49¢ | 080 | 205 | £120%
2300 395 1.67 arr 477 477 | 080 | 188 | £120%
2450 39.2 1.80 457 4.57 457 | oss | 175 | 2120% |

‘wavmmmmzds’m’MzMyWGMDASYvA-tnmmlWPm% esumuummzsolm: The
uncurtainty is the RSS of the Convi uncarisinty al calibration fraquency and tha uncertainty %o the | y bordd. Freg y vaiaty
beow 300 MH2 i = 10, 25, 40, 50 and 70 MKz for ConvF assessmonts 1 30. 84, 128, 150m220m~ureepec1-ty Amscw«mm
validity can be extended 10 + 110 MHz
¥ A1 frequencies below 3 GHZ, the validty of tissue parameters (¢ ang o) can be relaxed o + 10% # fiquid compensasion fomwis © apphed o
measired SAR values. A froquencies above 3 Giz, the validty of {isson paramaters (e 800 o) & restncted 10 £ 6% The uncertarty & the RSS of
mecoc»Fummyfornndnmw;d!mmm

are determinad during caibeation. SPEAG warmants that the remaining deviation due to the boundary effect after compensation is
ahways bess than & 15 foe frequendies helow 3 GHZ and helow £ 2% for fequencies between 348 GHz at any distance arger than hall tha peobs 1ip
dameter trom (he boundiary.
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

ET30V6- SN, 1605 Apri 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity \ ‘ Depth © Unct.
f{MHz) " | Permittivity” (sm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 85.5 0.96 6.21 6.21 8.21 0.30 2.7 +12.0%
835 65.2 097 811 611 | 611 030 | 3.00 +£120%
1750 534 1.49 4.66 466 4,66 0.80 262 | £120%
{1900 53.3 1.52 454 4.54 454 0.80 232 £120% |
2450 52.7 1.95 4.18 4.18 4,18 0.79 1.80 £12.0%

‘mevamymmmud:100mzonwaool-aslolDA$vM.&mhqna(see“no?).mlmmmcmw:Srl)MHz The
uncertainty 15 the RS3 of the Convi* uncetanty at calibration: frequency and the uncestainty for the indicated frequency band, Frequency vaiidity
below 300 MHz is ¢ 10. 25, 40, 50 antt 70 MMz for ConvF assessments at 30, 64, 125, 150 and 220 MKz respociively. Above 5 GHz requsacy
validity can be axtanced 10 = 110 MHz

¥ A1 froquancies below 3 GHa, the validity of $3300 paramaters (£ and ) can be relaxed 10 = 10% If lquid compensation formmuls is 3p 10
measured SAR values. At frequencies above 3 GHz. the validty of ssus parametars (L and o) is reatricled 1o ¢ 5%, Tha uncenainty is the 7SS of
the ComF uncertainty for indicated target tissue parametars.

* Alpha/Degth are doloemined during caltration, SPEAG warrants tnat the remasning destalion due 10 1he boungary effect after compersstion i
mysles:.hant1%fmhmummw36mmubw:2%lahmwiesm}Gsmlmyummgﬁ!mrdwmm
damater from she boundary
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015
ET3DVE- SN 1805 Apnl 27, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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FCC ID: ZNFH960

Issue Date:

09. 08, 2015

ET30VE- SN.1605

Receiving Pattern (¢), 9 = 0°

Apnt 27, 2015

=600 MHz, TEM f=1800 MHz,R22
O . . 3 ° e
Tot X Y 4 Tot X Y r4

‘,b‘gr—t..l“g.\»’%"

PG SRS =
s

Ervor {dB]

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFH960

Issue Date:

09. 08, 2015

ET3DVG- SN:1605

Apnil 27, 2016

Dynamic Range f(SARpeaq)
(TEM cell , feva= 1900 MH2)

10°- e Ty : Ty
‘0 = "'!:l' -
| sy
; R At
] 1‘ '
— .’
S
= 10'4 s {
|~
cn
(7] |
g ! - 4 =
= 100 | ey redid
| ¥ i
gt ot , | '
10 107 10 10° 10" 102
SAR [mWiem3j
=] o]
not compensated compensated
)
50 RS e e et e i i ot 51
E
w
_;l:}) 102 101 108 191 107
SAR [mW/em3]
« _.__}
neA compansated compensatod
Uncertainty of Linearity Assessment: * 0.6% (k=2)
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

ET3DV6~ SN-1605 April 27, 215

Conversion Factor Assessment

f= 835 MHz WGLS R® (H_convF) 1= 1800 MHz WGLS R22 (H_convF)
13- w1
38- »
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3 $ | .
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004 s wBE ~ It Bhrvie
0 0 x ¥ o » w0 [ L 1w " z © E3 -
1 frw) émrl
7S = i 22

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

-0 08 06 04 02 00 02 04 06 DB 10
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015

ET3DVE- SN1605 Apnil 27, 2015

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

Other Probe Parameters

Sensor Arrangement “Tnangular

Connector Angie () I 887
“Mechanical Surface Detection Mode ‘ enabled
| Optical Surface Detaction Made disabled
Probe Cverall Length = = —— e T 337mm
“Probe Body Diameter = =1 T 10mm |
[TipLength S 10 mm |

Tip Dlameter B8 mm
| Probe Tip to Sensar X Calibration Point ‘ 27 mm |
{ Probe Tip to Sensor Y Cakbration Point . 27mm |
["Probe Tip to Sensor Z Calibration Poirt 2.7 mm

Recommended Measurement Distance from Surface = = Amm |
Certificate No: ET3-1605_Apr1S Page 11 of 11
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HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015
Calibration Laboratory of § Schwoizerischer Kalibriardienst
Schmid & Partner ¢ Service suisse Fétalonnage
Engineering AG g Seoisiomizero df taratura
Zoughaussirasse 43, 004 Zurich, Switzerland Swiss Calibration Service
Accrodited by the Swiss Accreditation Seevice (SAS) Accreditstion No.: SCS 108
The Swiss Accraditation Socvica is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Cakbration procedure(s)
Calibration dater ‘August 28, 2014
This calbralion censcaty cocuments the by to ! fards, which realize the physical units of messurements (Si)

The moasuroments and the uncenainties wih confidence probatelily are given on the followsng pages and ave pant of the cerficate
All calbrations have been conducied in the closed laboratory faciity: ervironment temperature (22 + 3)°C and humadty < 70%.

Calrstion Equipmant used (METE crifics! for caltration)

Primacy Standards 10 Cal Date {Certficate No ) Scheculed Calbration

Power mutsr E44108 GR4 1293874 03-Apr-14 (No. 217-01911) Apr-15

Power sersor EA412A MY 41438087 03-Apr-14 {No 217-01811) Apr-15

Refetencs 3 9B Attenuator SN SH054 (3c) Q3Apr-14 (No. 217-01915) Apc1$

Heh 20 68 Attenuator SN:S5277 (20%) 0A-Apc-14 (No. 217-01019) Apr-15

Red 30 0B Al o SN: §5128 (30b) 03-Apr-14 (No. 217-01820} AgeA§

Rk Probe ES3DV2 SN 3013 30.Dec- 13 (No, ES3-3013_Dec13) Doc-14

DAE4 SN: 680 13-Dec-13 (No. DAES-660_Dec13) Dec-14

Secondary Standalcs D Check Dats (in houss) Schedubed Check

RF gensrasor HP 86430 US3IBAZU0I700 4-Aug-29 (in house check Apr-13} in house chack: Apr-18

Network Ansdyzer H2 8753E US37300585 180ct01 (1 houss chack Oct-13) In house cheack: Oct-14
Name o Signaturo

Approved by KagaPokovic ariges LT

Issued: Auxust 28, 2014

This calibration carnificate shall not be reproducd Except in Il WEnout wrktan appeoval of the [adoraery
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

Calibration Laboratory of

SN Schweizerischer Katibrierdi

Schmid & Partner % 2 Seece s rtclomaons
Engineering AG z 3 g Servizio svizzero di taraturs

Zeughausstrasse 43, 8004 Zurich, Switzerland "’w.,,’,“,..\\'*"} Swiss Calitration Service

Accradited by the Swiss Accredration Senvice (SAS) Accreditation No.: SCS 108

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

Mulitateral Agr t for the mcognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,Z sensitivity in free space

ConvF sensitivity jn TSL / NCRMx.y,z

DCP diwode comprassion poirt

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

A B.C.D modulation dependent lineasization parameters

Polarization ¢ © rotation around probe axis

Polarization § 4 rotation around an axis that Is in the plane normal to probe axis (at measurement center),

le. 8 =0 is normal to probe axis
Connector Angie Infarmation used in DASY system to aign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 62200-1, *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

Methods Applied and Interpretation of Parameters:

e« NORMy,y,z Assassed for E-field polarization 3 = 0 {f < 900 MHz in TEM-cei; { > 1800 MHz: R22 waveguide)
NORMyx.y,z are only intermediate vaiues. i.e., the uncertainties of NORMx,y.z does not affect the E*-fieid
uncertainty insige TSL (see below ConvF),

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

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

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

o Axy.z: Bx.y.z; Cxy.z: Dny,z: VRxy.z: A B, C, Dare numernical 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-fieid (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 software io improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx.y, 2 * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

o  Spherical isotropy {3D deviation from isotropy); in a field of low gradients realized using 2 fiat phantom
exposed by a patch antenna.

= Sensor Offsel: The sensor offset corresponds to the offset of virtual measurement center from the probe Up
{on probe axis). No tolarance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx {no

uncertainty required).
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EX3DV4 - SN:3903 August 28, 2014

Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Repaired: August 21, 2014
Calibrated: August 28, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

EX30DV4- SN3903 August 28, 2014

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

Basic Calibration Parameters

Sensor X 1 Sensor Y Sensor Z Unc (k=2)
Norm (pVAVImPY" 0.41 | 0.36 0.56 +10.1 %
DCP (mV)" 101.7 ] 103.2 1 68.1

Modulation Calibration Parameters

[UiD ’ c ication System Name A B c ) VR | Unc

) d8 | dBviv @ | my | () |
0 [ CW X | 00 0.0 10 | 000 | 1252 | #27% |

i=—x1 Y | 00 00 | 10 341 1

| z| 0o 00 | 10 | 1287 |

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
probability of approximately 95%.

* The uncortalnties of NomiX.Y.2 do not alloct the E7-field uncerainty inside TSL {sea Pages 5 and 6)
¥ Numerical Iinearization paramater uncanainty not required

' Uncertanty s getermined using the max. Cevabon from inaar resoonse applying rectangular distibution ano = expressed for the sguare of the
Nald vaive
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EX3DV4- SN:3903 August 28, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unet.

| f(MHz)® | Permittivity” (stm)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 41.5 0.0 10.03 10.03 10.03 0.51 079 | =120%
900 415 097 9.87 9.87 9.87 0.50 072 | £120%
1450 405 1.20 8.69 869 8.63 0.27 105 | £120%
1750 40.1 1.37 833 833 8.33 0.55 065 | +120%
1800 40.0 1.40 8.11 8.11 8.1 076 | 056 | +120%
1950 40.0 1.40 7.83 7.83 7.83 0.80 055 | £120%
2300 395 1.67 1.70 7.70 7.70 053 | 068 | £120%
2450 392 1.80 7.39 7.39 7.39 0.42 077 | £120%
2600 39.0 1.96 1.22 7.22 7.22 0.46 074 | 2120%
5200 36.0 466 585 555 5,55 0.30 180 | £131%
5300 35.9 476 5.32 5.32 5.32 0.30 1.80 | +£13.1%
5500 356 4.96 5.05 5.05 5,05 0.35 180 | +131%
5600 355 507 4.85 4.85 485 0.35 1.80 | +£13.1%
5800 353 527 l 4.74 4.74 4.74 0.40 180 | £131%

'meyvsmnummmauoo»uwymmmmsvuumm(mmm Mtsnmnmzwmm
uncartanty & the RSS of the ConvF uncerainty 8t calibration fequancy and the y for the g9 band. Froquency validity
bt 300 MHz2 i5 = 10, 25, 40, 50 and 70 MHZ for ConvF assessments ot 30, B4, 123, twmmmmmry Above 5 GHz frequency
vobmwnbemdlo-ﬂowu

" M Trequencies betow 3 GHa, mwnydmwmm(:mdapmbemmx1o%unqudoanwmhoo¢umuauawhdoo
moasired SAR values. A lequencies above 3 GHz, the validity of tissue parameders (c and o) is restiicted 30 2 5%. The uncertainty is the RSS of
MComfmwumryronmwwunwm

P are | SPEAG that the %) Geviaton dus 10 the boundary effect afier comp
abways less than = wsr«m«mumasw.mm: muuwmuswuwmmwmnmmmw
cametor from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity Depth® |  Unct

| 1(MHz)° | Permittivity" (Sim)" | ConvFX | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
835 55.2 0.97 9.78 9.78 9.78 020 | 147 | £120%
1750 53.4 1,49 8.02 8.02 8.02 042 | 086 | £120%
1900 53.3 1.52 7.72 7.72 7.72 0.41 082 | $120%
2300 529 1.81 7.59 7.59 7.59 080 | 060 | +120%
2450 52,7 1.95 7.28 7.29 7.29 080 | 057 | £120%
2600 525 216 7.21 7.2 7.21 080 | 050 | £120%
5200 48.0 530 4.75 475 4.75 045 | 190 | #131%
5300 48.9 5.42 453 4.53 4.53 045 | 190 | £13.1%
5500 486 565 415 | 415 | 415 | oso | 190 | 2131% |
5600 485 577 4,01 4.01 401 050 | 190 | £13.1%
5800 482 6.00 4.29 4290 | 429 0.50 1.90 £131%

" Frequency validity above 300 MHz of 3 100 MHz only npphes for DASY wé.4 and hagher {see Page 2). e 1 i resticted 10 = 50 MHz The
mmemnssoﬂmmwmmmammhnwwqwmmmwmmmmwmFmvcyvmny
bedow 200 Mz 18 + 10, 25, 40,50 and 70 MMz for Comv assassments at 30, 84, 128 160 and 220 MHz respoctively. Abave 5 Giz frequency
validty can be axtendad 1o 4 110 Mz
'Nwmswmvmwmwwvmn{cmdo)cmbom;udm:tc'&ifliwdcmmamﬂlomudaswmm
massured SAR vakies. Al frequencies above 3 GHz, lmqudmwupnmm(unon)immwzﬁ%.'l'heumm’inhkssa
the ConvF yocertainty for indicated tarpel tistue paramaters,

% aAlpha/Dopth are determined during catbration, SPEAG warrants trat the remaiing daviaion due to the boundary effect after campensation 15
Myshnlhm:1‘.6!01rfmwesW:Gl'uwmw:2!wwmn}6mummﬂrwhﬂmumw

dameter from the boundary
Cedtificate No: EX3-3903_Augi4 Page ol 11
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of
KOREA 160 of 255

HCT-A-1509-F008 TEL: +8231 6456300 FAX: +82 31 645 6401



HET R, LT

FCC ID: ZNFH960

Issue Date: 09. 08, 2015

EX3DV4-- SN:3903

Frequency response (normalized)
TT

August 28, 2014

Frequency Response of E-Field

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

1500 2000

f (MHz]

en R

| ) S
2500

3000

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 8 = 0°

f=1800 MHz,R22

&

=600 MHz, TEM

LS - X - .
02, 04 0§ OB

=
<

Ted

= ;-
T i
R e e Figs-a-s e o e I e o s fre

1 v - 4 i i i 4 '.._7._‘__1  —— s pec—

0 <100 9 1) 150
Rob [
LJ o 8|
r:’"-'x’»«: - :-TT.T‘w;» Ry (T 2500 W4z

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}c.q)
(TEM cell , foru= 1900 MHz)
»
101 vt
e
5 v
3 10%4 i ok
pe : o
[ » |
= / H
w WU 8 o
5 7 :
2 J
= g |
0% -
| o
104 = 5 {
v i
07 10 10 10' 10 10
SAR [mWiem3]
not compensated compensated
1<
o
= h ' ' ooty
B O S
& -
k 107 _\c‘ ' o 108 p_ﬁ{:f 1o ()
SAR |mW/cm3]
4 .
not compensatad compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 835 MHzZ WGLS RS (H_convf) = 1900 MHz WGLS R22 (H_comF)
4z
w
3%
g |
10 \\ =%
\ :
%”' 3 :0:
.. 3
W
3.
q\.
0!
h r -
0 : L R,
o ] o 2. - < - - 1 % . R » » » &0
. a X e}
v rusnaEn wwesca! T

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

10 -0% -08 -04 -02 00 02 04 028 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters
Sensor Arrangement Triangutar
Connector Angle () - 352
[‘Mechanical Surface Detection Mode enabled
Oplical Surface Detection Mode “disabled
"Probe Overall Length 2 T 337mm |
Probe Body Diameter | 10 mm |
Tip Length | 29 mm |
Tip Diameter | 25mm
Probe Tip to Sensor X Galibration Point 1 mm ']
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip 10 Sensor Z Cahbration Point Tmm |
Recommended Measurement Distance from Surface TAmm |
Certificate No: EX3-3903, Augi4 Page 11 of 11
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The Swiss Accreditation Service is ony of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

This calt cerlificae o 8 the Iraceabiilty 1o national standands, which realize the physical units of (S,
The messursments and the wath confid probubildy we gvan gn the fofowing pages and are part of the cartificate.

nmmmmmmmmwmmmﬂmwc“mﬂu

Galibrabon Equipment used (MATE oritical for colloraton)

Primary Standords 0 Cal Date {Cenficate No ) Scheduled Colbration
Powir meter E44 158 GE45293874 01-Apr-15 (No. 217-02128) Mor- 15
Power sensor E4412A MY41468087 01-Ape-15 (No. 217-02128) Ma-16
Rell 3 46 Ansnuator SN- S506% (3c) Q3-Apr-15 (No. 247-02129) Mer- 16
Ref 20 ¢8 Attenator SN S5277 (201} D-Apr-15 (No. 217-02132) Mar-16
Referencs 30 cB Aterualor | SN. 56129 (306) 03-Apr-15 (No. 217-02433) Max-16
Red Probe ESIOV2 SN 3013 30.Dec-14 (No. E52.3013 Dectd) Dec-15
DAES SN 880 14-Jan-15 (No DAEL660_Jant5) Jan-16
‘Secondary Standants o Check Date (in house) Schoduted Chack
|_RF generstor HP 8643C USIBLAN 100 4-A0g-90 (in house check Apr-13) 1 house chack: Apr-16
A v« Analyzer HP 8753E US37380585 18-Oct-01 (in house chock Oct-14) n house chesic Oct-15
Calitrated by:
Appeoved by

This caldration cerificale shat not be reproduced except » full wiihoul witten approval of the laboratoty.
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Calibration Laboratory of S, Schwalisischer Kalibriesds

Schmid & Partner SN g Service sulsss TaKNNIGH
Engineering AG g Servizio svizzero di taratura

Zoughausstrasse 43, §004 Zurich, Switzariand "%:‘,l\\w\f S Swiss Calibration Service

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

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

Multilateral Ag: for the recognition of calibration certificatea

Glossary:

TSL tissue simulating liquii

NORMx,y.z sansitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

oep diode compression point

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

A B CD modulation dependent linearization parameters

Polarzation ¢ o rotation araund probe axis

Polarization & 5 rotation around an axis that is in the plane normal to probe axis (at measuremant center),

re., 8 = 0is pormal to probe axis
Connector Angle information usad in DASY system fo align probe sensor X to the robot coordinate system

Calibration Is Performed According to the Following Standards:

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

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

o} |EC 62209-2, "Procedure 1o determina 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 GH2"

Methods Applied and Interpretation of Parameters:

* NORMs,y,z: Assessed for E-field potarization 8 = 0 (f < 600 MHz in TEM-cell. f > 1800 MHz: R22 waveguide).
NORMsx.y.z are only intermediate vaiues, i.e., the uncertainties of NORMX, .z does not affect the E*-fisid
uncertainty inside TSL (see below ConvF),

«  NORM(fx.y.2 = NORMx.y,z * frequency._rasponse {see Frequenty Response Chart). This inearization &
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency responss is inchuded
in the stated uncertainty of ConvF.

« DCPx.y,z: DCP are numerica! linearization paramelers assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media,

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

e Axy.2 Bry.z Cxyz Dryz VRey.z A B, C, Dare numerical lingarzation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depand on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside wavequide using analytical field distributions based on power
measurements for f > 800 MHz The same setups are used for assessment of the parameters applied for
poundary compensation {alpha, depth) of which typical uncertainty valuses are given. These parameters are
usad in DASY4 sofiware o Improve probe accuracy close to the boundary, The sensitivity in TSL correspords
to NORMyx.y.z * ConvF whereby the uncertainty coresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from =50 MHz to £ 100
MHz.

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

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

« Connector Angle: The angle i assessed using the information gained by determining the NORMx (no

uncertainty required)
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Calibrated for DASY/EASY Systems
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3076

Basic Calibration Parameters

‘ Sensor X [ SensorY SensorZ | Unc (ks2) |

Norm (aVAVim) ) | 1.26 | 1.29 1.20 $101 % |
| OCP {mV)" ] 103.4 1 1028 1044

Modulation Calibration Parameters

UIiD 7 Communication System Name I A | B c D VR | Une" |

CTR—_— L a8 |oovpv| | 48 | mv | (2 |

0 oW - — Ix] o0 | o0 | 10 000 | 2137 | #38% |

Y 0.0 0.0 1.0 205.9 |

Z 0.0 00 10 | 204.2 |

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

* The uncentainties of Noem X,Y,2 60 not affect the E*-fielg uncentainty nside TSL {see Pages 5 and §)
" Numencal reanzation paremeted. ancenainty not recuirsd
¥ Uncetainty is debmined using the max. devigtion from linear resposse appiying recianguiar ostrivution ond is expressed lor the square of the

fiedd value
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3076

Calibration Parameter Determined in Head Tissue Simulating Media

f{MHz)© p.;“;';‘.'.%' Coc;::lmly | ConvF X | ConvFY | ConvFZ | Alpha® mr (‘:-';)

450 435 0.87 543 5.43 643 | 020 | 180 | £133%
750 419 0.89 6.24 5.24 624 | 053 | 136 | z120%
835 415 0.90 6.01 5.01 6.01 020 | 195 | +120%
900 415 0.97 589 5.89 5.89 0.70 1.22 £120%
1450 405 1.20 517 5.17 517 | 026 | 214 | +120%
1750 40.1 1.57 512 5.12 512 | 062 | 133 | £+120%

| 1900 40.0 1.40 4.96 495 496 | 069 | 127 | 2120%
1950 40.0 1.40 482 4.82 ag2 | 078 | 117 | £120%
2200 | 395 167 4.70 470 | 470 | 066 | 138 | 120 % |
2450 35.2 1.80 441 441 441 | o7s | 127 | 2120%
2600 39.0 196 4.30 430 430 | 080 | 125 | £120%

 Frequency validty stiove 300 MHz of ¢ 100 MHz only apgaes for OASY w& 4 and higher {see Poge 2). dmlmmtmlodlo'mm:m
uncertiinty i tha RSS of the Convi uncartainty & Salation fraquency and the uncerainty for 2e indi

velow 300 MHz i 4 10, 25, 40, 50 and 70 MHz for ConvF assesaments &t 30 64, 128, 1501\0220MH:W AhaoobGl-tthnqwx:y
vaktity can ba exionded to » 110 MMz

" Al frequencies balow 3 GHZ, the valaty of tissue parameters (c and o) can be retaxsd to & 10% I fquid compensation fonmls is appled 10
measutod SAR values. Al frequencies above 3 GHE. the validity of 1ssue paramatens (c and o) s restricted 16 £ 8%, The uncanaty & the RSS of
the Convl uncensnty Jor INdicatied 1EMet 16546 paramelens

9 AlphaDepth are determined during callbration. SPEAG waranss that the remaining deviation due 10 the boundary efect a%ar compérsation &
alwarys fess than + 1% for frequencies delow 3 GHz and below & 2%, for frequendes betwesn 3-6 GHz at any distance farger than hall the proba hp
diamaler from the beundary.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3076

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth® Unc
| f(MHZ)© | Pormittivity" (Sim)" ‘ ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
480 56.7 094 | 886 | B85 | 666 | 013 | 150 | £133%
750 56.5 096 | 558 558 5.58 0.80 1.4 | £120%
835 56.2 0.97 l 551 551 5.51 0.31 187 | $120%
1750 534 1.49 | 4,78 478 478 0.53 1.51 +12.0%
1900 533 152 461 | 461 4.61 044 | 167 | £120%
2450 52.7 | 195 4.25 4.25 4.25 071 | 120 | +120%
2800 525 1 2.16 4.13 413 4.13 080 | 115 | £120% |

“ Froquenacy vakdty abiove 300 MHz of = 100 MHz only 8ppdes for DASY w4 4 and gher (see Page 2) else i is restrictad 1o £ 50 MMz The
uncerininty is the RSS of the Cornd uncenanty ai caltraton frequency ang the uncerainty for the indicated frequancy band. Frequency viaicity
below 300 MHZ i ¢ 10, 25, 40, 56 and 70 Mz for ConvF assessments at 30, 64, 128, 150 ant 220 MH2 respactively, Above § GHz frequency
valiGity can be extended to = 110 MHz

" At frequencies below 3 GHz. the vaSdity of issus pammeters (¢ and o) can be rolaxed to & 10% # boud compensstion fonmuis & apphad o
measured SAR vaies. Al froquoncies above 3 GHz, the validity of Sssus pacameders (5 and #) is restricted 10 2 5%, The unceriainty = the RSS of
It_h- ConvF uncenainty for ndicaied targat bssue garameters

AphaDegpith are d ned dunng calid SPEAG that the r g deviation due 10 the boundary elfact aftar compansaton is
always less Ban = 1% B Mequencies below 3 GHz and below = 2% for requencies belween 3-5 GH: &t any distance farper than half the probe tip
dinmeter from the bowrdary.
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

{ = B35 MHz, WGLS R9 (H_convF) = 1900 MHz WGLS R22 (H_conF)

xS
g %
g e g :
5 3™
an o [
e - ; . M o SRR
9 W B b “ 0 " 0 . - " L x = .
) LG
i) = Y] i)
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
-1 -08 06 -04 02 06 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3076

Other Probe Parameters

[ Sensor Arrangement Triangular |
Connector Angle (*) - - 352\
Mechanical Surface Detection Mode [ enabled |
Optical Surface Detection Mode \ disabled |

“Probe Overall Length ] 337 mm |

b —— — — — '

Probe Body Diameter \ 10 mm
Tip Length 10 mm

| Tip Diameter ) T 4mm |
Probe Tip (o Sensor X Calibeation Point 2mm |

"P—.'aﬁéifrﬁb'léééhécé Y Calibration Point 2mm |

"Probe Tip 16 Sansor Z Galibration Point 1 T
"Recommended Measurement Distance from Surface “Fmm |

Centficate No: ES3-3076_M415 Paga 11 01 11
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Calibration Laboratory of S
Schmid & Partner 2
ineering AG Z 53
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Accredied by the Swiss Accedation Senvice (SAS)
The Swiss Accreditation Servies is one of the signatories 10 the EA
Multilateral Agroement for the recognition of calibration certificates

Calbration date.

Thes calibration cartificate o

nks the

Caltration Equipmant used (MSTE critical for caitvaton)

bikty to

| stondards, which (eaize the phys

3 uniy of

(5%

mmmmmmmmnmmmmpmu-mmmdum

All Calibrations hawe bean conductad ¥ the clased laborsory facaly. ervironment femperaturs (22 4 3°C and humicty < 0%,

Primary St [} Cat Dats (G No.) Scheduled Calioration
Powee malor E44198 GB41203874 03-Ape-14 (No_217.01911) Ape-15
Pawer sangor £4412A MY4 1408087 03-Age-14 (No. 217-01811) Ape-15
Referance 3 08 Atienustor | 5N: 58054 {3¢) 03-Ape-14 (No, 21701915 Apr15
Reference 20 dB Attenustor SN 85277 {201) 03-Ap7-14 (No. 217-01318} Api-15
Reference 30 d8 SN: $5128 (30b) 03-Apr-14 (No. 217-019820) Apr-15
Retecence Probe ESIDVZ SN 3013 30-Dec-13 (Ne. ES3-3013_Dect3) Dec-14
DAEA SN: 789 30-Ape-14 (N0, DAEA-789_ Apetd) Ape-15
Secontary Standarts 4] Chack Date (in house) Schaduled Check
| RF gonerator HE 6643C USIBA2U04700 s check Apr-1 I house check: Ape-16
Network Anayzer HP 8753E | US37390585 18-0c1-01 (in houss check Oct-14) In house check. Out-15
Caltrated by:
Appraved by

mmmMMNWMnMWWWdMW‘
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Calibration Laboratory of

Sch dschor Kalibe

Schmid & Partner (8: Service suisse d'dtalonnage
Engineering AG g Servisio svizzeso di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is ono of the signatories 10 the EA

Multfateral Agreement for the recognition of calibration cortificates

Glossary:

TSL tissue simutating fiquid

NORMXx,y.z sensitivity In free space

ConvF sensitivity in TSL / NORMx.y.2

DCP diode compression point

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

A B C.D modulation dependent linearization parameters

Polarization @ ¢ rotation around probe axis

Polarization 8 9 rotation around an axis that is in the plane normal to probe axis (st measurement center),

L&, 8 =0 Is normal 1o probe axis
Connector Angle information used in DASY system to align probie sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) I1EC 62209-1, “Procedure to measure the Specific Absorplion Rate (SAR) for hand-held devices used in close
proximily to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

*  NORMy,y.2; Assessed for E-field polarization 8 = 0 {f < 500 MHz in TEM-cell: f > 1800 MHz: R22 wavequide),
NORMx. v,z are only intermediate vaives, i.e., the unceriainties of NORMx,y.z does not affect the E%fiald
uncenainty inside TSL (see below CanvF).

«  NORM{NxX.y.z = NORMy,y,z " froquency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions Iater than 4.2. The uncertainty of the frequency rasponse is iIncluded
in the stated uncertainty of ConvF,

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

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

o Az Bry.z Cxyz Dxyz VRXy.z A B, C, D are aumerical lineafization 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 maximurn calibration range expressed in RMS voitage across the diode,

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Tempearature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distibutions based on power
measurements for f > 800 MHz Thosmsetupsmusod!orassessmerﬂohhepamneﬁersawliedfa
boundary compensation (aipha, depth) of which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMzx.y,z * ConvF whereby the uncertainty correspands to that given for ConvF. A frequency dependent
ConvF is used In DASY version 4.4 and higher which allows extending the valicity from £ 50 MHz 1o £ 100
MHz,

o Spherical isotropy (3D devigtion from isotropy): in 2 field of low gradients reaized using a fiat phantom
exposed by a patch antenna,

» Sensor Offsst: The sensor offset corresponds to the offset of virtual measuremen! center from the probe tp
(on probe axis). No tolerance required,

o Connector Angle: The angle s assessed using the information gained by determining the NORMx (no

uncertainty required)
Certificate No: EX3-3967_Dec14 Page 2 of 11
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Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 22, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3DV4- SN-3867 December 22, 2014

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Ung (k=2)
Norm (uVIiVim)Y" 0.53 0.44 0.49 +101%
DCP (mV}~ 93.9 96.2 1022
Modulation Calibration Parameters
utd [ Communication System Name | | & B c D VR Une-
| SR | d8 4BV a8 L (k=2)
0 cw X | 00 0.0 10 | 000 | 1480 | $30%
E Y| 00 00 | 10 1349
z| 00 00 | 1.0 | 1383

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

* Tha uncenainties of NoamX,Y,Z do not afect the £7-fieid uncertainty inside TSL (see Pages S and 6)
¥ Numesical ineanzation parameter. uncertanty nol rogisred
¥ Lncertainty is catermined using the max coviasion from near response applying rectangular dissibuion &nd 1S expressed for the square of Iha

fieki value
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EXIDV4- SN:396T Decembar 22, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

S Relative | Conductivity [ = Depth * Unct.

f (MHz) Pormittivity” | (Sim) ConvF X | ConvFY | ConvFZ | Alpha” | (mm) (k=2}
750 419 0.89 10.18 10.18 10.18 0.80 0.61 +£120%
835 415 0.90 8.75 9.75 9.76 0.80 0.61 £ 12.0%
900 415 0.97 9.56 9.56 9.56 | 0.39 0.89 +120%
1450 40.5 1.20 8.40 8.40 B840 0.32 0.9 2120%
1750 401 1.37 8.59 B8.59 8.59 0.64 0.70 +12.0%
1900 40.0 1.40 813 8.13 8.13 0.69 0.68 +120%
1950 40.0 1.40 7.84 7.81 7.81 0.69 0.60 +120%
2300 39.5 1.67 7.57 7.57 7.57 0.51 0.78 +120%

| 2450 39.2 1.80 7.16 7.18 7.16 0.50 0.77 +120%
2600 39.0 1.98 6.86 6.86 6.88 0.40 0.92 212.0%
3500 379 2.61 7.10 7.10 7.10 0.41 095 +13.1%
5200 36.C 4.66 507 5.07 5.07 0.35 1.80 +131%
5300 359 4.78 4.88 4.88 4.88 0.35 1.80 $131%
5500 3586 4.96 4.84 484 4.84 0.40 1.80 +£131%
5600 35.5 5,07 470 | 470 4,70 0.40 1.80 £131%
5300 353 527 4.64 464 4.64 0.40 1.80 +13.1%

‘anyvslidcyabwelwwd1ﬂDMHzon!ymmwmsvw.dwmwlwwnmtalwrwlozSOMHx.TM
ummsmassMWWummmmmnmwmmwwwumm Frogquency validay
below 300 MHz i5 # 10, 25, 40, 50 5nd 70 MHz for ComvF assassmaents at 30, 64, 126, 450 and 220 MHz respactvely, Above 5 Gy frequency
validy can be extended to + 110 MHzZ
'Nmmmsmu,uvﬂdkydmmwt:wa)wmmmdto:!mhmquidu, P oo & = appbed 10
mﬁwmmmmseﬂz.uandmwm(candc)hmdwzs%‘ThoununiMy:lhoRSSd
?-Wmmmm.mwuwmm

are datermined during Cald that the remaming Gewaton don 1o T boundary effect alter compensation 1S
Shacays less than ¢ mfumnwesmwammm:muwmucmawmmmnmmmw
dipmater from the boundary
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

EX3IDV4-~ SN3067 December 22, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity l Depth * Unet.
1(MHz)® | Permittivity” {sim)" ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 868 9.68 9.68 0.58 0.71 +120%
835 55.2 0.97 9.55 9.55 9.55 0.80 058 | +120%
1750 53.4 1.49 7.90 7.90 7.90 0.78 063 | +120%
1900 53.3 1.52 7.58 7.58 7.58 0.49 082 | £120%
2300 52.9 1.81 7.37 7.37 7.37 0.80 063 | +120%
2450 52.7 1.95 7.40 7.10 7.10 0.73 066 | +120%
2600 52,5 2.18 6.97 6.97 6.97 0.80 057 | £120%
5200 49.0 5.30 4.59 459 459 0.45 190 | $131%
5300 48.9 5.42 443 | 443 4.43 0.45 190 | 213.1%
5500 48.6 5.85 4,02 4.02 4.02 0.50 190 | +13.1%
5600 485 577 3.85 3.85 3.85 0.50 190 | £131%
5800 482 600 | 412 4.12 412 0.50 190 | £131%

"Frememyvalmnymmw;ol1100"0-!:0:‘&1npplmlofbksvvd.lu\dh«g&w(m?&goa.mccwm:mmTm
unceetainty s the RSS of the ComwF uncartainty at colibration frequency and the ity for ths frag y band. Freq y validey
beiow 300 MHz ia & 10, 25, 40, 50 #nd T0 MHz for ConvF ssassmants at 30, B4, 128, 150 and 220 MHz tespeciivaly. Above GHz frequency
yalbd«yunbemmdwzﬁomz.
'MRWWNSG&LMvﬁdw&mwmlmlnm«)w“mio:1m&lllwmmm'mda‘mp(.db
measured SAR valyes. anmieaabcm3G!t¢nvalkllydﬁssmoammrs(namnhsmadms5% The uncerininty is the RSS of
the ComvF uncartainty for indicated tangat tissue paramefers

g are determined dufing calranon. SPEAG wasrants fhat the romaming deviatian due to the boundary effect aer bon &

ahwitys Inss than = 1%hfwooms(snumwowtﬁlorhq\mabamﬂécmamdmma&wmmmopcmh'o

diameter fram the boundary.
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EX3IDV4- SN.3967

\
/

Frequency response (normalized

December 22, 2014

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

T
1500
f [MH2)

2000

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

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4A- SN3967

Dynamic Range f(SARpead)

(TEM cell , fo = 1900 MHz2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX30V4- SN:3867 December 22, 2014

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_comnvF) {= 1900 MHz WGLS R22 (H_convF)

" »-

"\ '.
: " »!
2 1
. :
i 5"

Jb; io » = “ e w o(f—lu 5‘ ..m.._.“,‘d,u.,“ 7 nbl- n‘“ v.“.”-m

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

40 08 -08 04 02 00 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.8% (k=2)
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EX30VA- SN:39G7 Decarmber 22, 2014

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

Other Probe Parameters
Sensor Arrangement Trianguiar
Connector Angle (7) . S i = -164 |

| Mechanical Surface Detection Mode enabled
Optical Surdace Detecton Mode T disabled |

| Probe Overall Length . 337 mm
Probe Body Diameter —— qomm |
Tip Length amm
Tip Diameter . 25mm |
Probe Tip 1o Sensor X Galibration Point 1mm

[ Probe Tip 1o Sensor Y Calibration Point 1Tmm

| Probe Tip to Sensor Z Calibration Point ‘ 1t mm
Recommendad Measurement Distance from Surface 1= T4 mm |

Certificate No: EX3-3867_Deci4 Page 11 of 11
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015
Calibration Laboratory of C\\L:l’/"/’, S Schweizerischer Kalibrierdienst
Schmid & Partner M c Service sulsse d'dtalonnage

Engineering AG e Survizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand o S swiss Calibration Service
il
Accradied by the Swiss Accredaation Senvico (SAS) Accreditation No,: SCS 0108
The Swiss Accreditation Secvice is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates
cllent  HCT (Dymstec) Certificate No: D750V3-1014_Jul15
|
| Objoct D750V3 - SN: 1014
Caraton procedurals) QA CAL-05.v9
Calibraticn procedure for dipole validation kits above 700 MHz
! Cafibration date: July 23, 2015
This calibeation cemticate documents ihe raceability to national stardueds, which resiza he physical units of measarements (SI).
The measummonts and the uncorainties with contidence protiabiity are given on 1ha following pages and ate part af the cartificate
Al calibeations have Deen conducted in the closed lahoratory faciity: enviranment temperature (22 + 3)°C and humidity « 70%.
Calration Equipment used (MSTE antical for calibration)
Primary Standards lIDs Cal Dato (Gortiticate No.} Seheduied Calbraton
| Power meter EPM-4424 | GBI74B0T04 07-Oct-14 (No. 217-02020) Oct-15
| Power sensor HP 8481A | US37262783 07-Oct-14 (No. 217-02020) Oot1s
Power sansue HP 82814 | MY41082317 07-Oct-14 (No. 217-02021) o185
Reference 20 B Anentalor | SNI 5058 {20K) 01-Ape-15 (No. 21702337) Mar-16
Type-N misimatch combination SN 5047 2/ DES2Y 01-Apr-15 {No. 217-02134) Mar-16
Referenue Probs ESI0V3 SN.-3205 A0-Dec-14 (No. ESS-3206 Decid) Dac-15
DAE4 SN 501 18-Aug-14 (No. DAEA-E0T_Aug14) Aug-15
| Secondary Sundards Lioe Chosk Date {in houss) Soheduled Check
RAF generator RES SMT-08 | 100005 D4-Aug-99 (in house check Oct-13) In boyse check: Oct-16
Network Analyzer HP 8753E | US37300584 54206 58-0ct-01 (in hovse check Oct-14) I house chack: Cct-15
Name Function Si &
Calibeatod by Michael Websr Laboratory Technickan mr.
Approved by Katja Pokoric Tochnical Manager 2 C.@
Issued: Juky 23, 215
This calibration cediticale shall not be reproduced axcept in ull without written aparoval of tha latioratory
Certificate No: D750V3-1014_Jul15 Page 10i8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. R f
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Calibration Laboratory of

r G Sehweizerischer Kafibrierdienst

Schmid & Partner Service suisse d'étalonnage
Engineering AG C  corvisio svizzero di taratura

Zeughaussirasse 43, BOD4 Zurich, Switzeriand S Swiss Calibration Service

Acsrarited by the Swiss Accrediation Sevice (SAS] Accreditation No.: SCS 0108

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

Murtilateral Age t for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

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

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

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

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

Cerificate No: D750V3-1014_Jul15 Page 2ot B
HCT CO., LTD.
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Measurement Conditions
DASY system contiguration, as far as not given on page 1.
DASY Version DASYS vs5zge
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL paramelers (220£02)°C 42526% 06.90 mhoim =6 %
Head TSL temperature change during test <05'C — — %
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.15 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAH for nominal Head TSL parameters normalized to 1W 5.33 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters &nd calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 55.5 0.96 mha/m
Measured Body TSL parameters (22.0+0.2)°C 551 6% 098 mho/m +8 %
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 2168 Whg
SAR tor nominal Body TSL parameters notmalized to 1W 8.49 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAH measured 250 mW input power 142 Wikg
SAR lor nominal Body TSL parameters normalized 1o 1TW 5.60 Wikg = 16.5 % (k=2)
Certificate No, D750V3-1014_Jul1s Page3ofd
HCT CO,, LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 53904172
Return Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 48.1Q-1.31
Return Loss «36.0d8

General Antenna Parameters and Design

| Eectrical Detay (one direction) | 1.036 15 |

After long term use with 100W radiated power, caly a slight warming of the dipoie near the {eedpoint can be measured

The dipale is made of standard semirigid coaxfal cable. The center conductor of the feeding line is directly connected to the
sacond arm of the dipoie. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
ara added to the dipole arms in order to improve malching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipote length is still

according to the Standard.
No gxcessive force must be applied to the dipole arms, because they might bend or the soldeved connections near the
feadpoint may be damaged.
Additional EUT Data

Manutactured by SPEAG

Manufactured on March 22, 2010
Certficate No: D750Vv3-1014_Juls Page 401 8
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DASYS5 Validation Report for Head TSL

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

Communication System: UID 0 - CW; Frequency: 750 MHz
Medium parameters used: £=750 MHz: o= 0.9 S/m: & =425 p = 1000 kg/m'
Phantom section: Flat Section

Mecasurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configoration:
o Probe: ES3IDV3 - SN3205: ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronies: DAEA Sn601: Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L: Type: QDOOOP4YAA: Serial: 1001

e DASYS5252.88(1222). SEMCAD X 14.6.10(7331)

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

Reference Value = 53.32 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.05 Wikg

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

Maximum value of SAR (measured) = 2,40 Wikg

dB
0
-2.00
-4.00
-6.00
-8.00
-10.00
0dB =240 W/kg = 380 dBW/kg
Cenificate No: D750V3-1014_Jul15 Page 501 &
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

Medium parameters used: { = 750 MHz: 6 = 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;
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6.21, 6.2]1); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAEA Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASY5252:8.8(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=5Smm, dz=5mm

Reference Value = 52 42 Vim, Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,15 W/kg

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

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

dB
0
-2.00
-4.00
-6.00
-8.00
-10.00
0dB =251 W/kg =4.00 dBW/kg
Cortificute No: D750V3-1014_Ju1s Page 7ol 8
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Impedance Measurement Plot for Body TSL
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FCC ID:

ZNFH960 Issue Date: 09. 08, 2015
Calibration Laboratory of SN, Schweizerischer Kalibrierdienst
Schmid & Partner % g Service suisse ¢ étalonnage
Engineering AG g Servizio svizzero di taratura
Zeughausstrasss 43, 8004 Zurich, Switzetland NS S Swiss Calibration Service

Accreditad by the Swiss Accreditation Servica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No.: SCS 0108

Muitilatersl Ag t for the gnition of calibeation certificates
ciient ~ HCT (Dymstec) Certificate No: D835V2-441_Jan15
CALIBRATION CERTIFICATE
Obyect D835V2 - SN: 441
Calibration peocedure(s) QA CAL-05.v9 b
Calibration procedure for dipole validation kits above 700 MHz:
Calibration date January 23, 2015

This calityation cenificaie documents the traceabdity to nallonal standards, which ealtze the physical unats of measurements (SI),
The measurements and the uncedainties with condidence peobablity are givan on the following pages and are part of the cenificate.

Al cafibrations have been conducted in the closed laborstory Facility: ermdronment temparature {22 = 3)°C and humedity < 70%.

Caltration Equipment used (METE critical for calibention|

1o

Primary Standards Cal Date (Cartificate No.) Schoduled Calibration

Power meter EPM-$424 | GH37480704 07-Cct-14 (No: 21702020} Oct-15

Power sensor MP BABTA US37222783 07-0ct-14 (No, 21 702020) Oct-15

Power sensor HP 84814 MY41002317 07-Cct-14 (No, 217:02021) Oct-15

Raterence 20 ¢8 Attenuator SN 5058 (20K} 03-Apr-14 (No. 217-01018) Apt-15

Typa-N mismatch combination SN 50472/ 08327  03-Apr-14 (No. 217-01921) Apr-15

Rotarence Probe ES30VE SN: 3205 30-Dec-14 (No. ES3-3205_Dectd) Dec-15

DAE4 SN: 601 18-Aug-14 (No. DAES-BOT_Augl4) Aug-15

Sacondary Standards 0# Check Date (in house) Scheduled Check

RF generator A&S SMT-08 100005 04-Aug-9% (in house check Oct13) In house check: Oct-16

Netwark Analyzar HP 8753E US37390585 S4206 18-001-01 (In house check Oct-14) In house eheck: Oct-15
Narra Function

Catbiratod by Michael Webei Laboratory Tachnician ?I&T_

Approved by Katjax Pokowe Technical Managar

=

fssued: January 26, 2015

This calibention certificate shall not be reproduced except in Tul without written approval of the laboralory

Certificate No: D835V2-441_Jan15

Report No.

HCT-A-1509-F008
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FCC ID: ZNFH960 Issue Date: 09. 08, 2015

Calibration Laboratory of

f G  Schweizerischer Kalibrierdienst

Schmid & Partner Service suisse 4 étalonnage
Engineering AG c Servizio svizzero di taratura

Zoughausutrasse 43, 8004 Zurich, Switzertand S Swiss Colibration Service

Accredited by the Swas Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration centificates

Glossary:

TSL tissue simulating fiquid

ConvF sensitivity in TSL / NORM x.,y,2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) 1EC 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:

* 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.

e 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.

« FElectrical Delay: One-way deiay 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: D835V2-441_jan15 Page 2of8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of
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Measurement Conditions
DASY system configuration, as far as not given on pags 1.
DASY Version DASYS V5288
Extrapolation Advanced Exirapolation
Phantom Medular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The foliowing parameters and calcutations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 090 mhoim
Measured Head TSL parameters (220£02)°C 41526% 0.93 mhao/m £ 6 %
Head TSL temperature change during test <05"C —-— -
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measused 250 mW input power 2.36 W/kg
SAR for nominal Head TSL parameaters normalized to 1W 9.21 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 256 mW input power 1,54 Wikg
SAR for nominal Head TSU parameters normalized to 1W 6.08 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220+0.2)"C 558+6% 1.01 mho/m £ 6%
Body TSL temperature change during test <05°C —en ——
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Congition
SAR measured 250 mW Input power 240 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.34 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em” {10 g) of Body TSL condition
SAR measured 250 mW Input power 1.57 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 6.14 W/kg = 16.5 % (k=2)
Centificate No: D835V2-441_jan15 Page3ofd
HCT CO., LTD.
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, ransformed to feed point 5176 -1.0jQ
Retumn Loss -340d8

Antenna Parameters with Body TSL

Impedance, transiormed to feed point 4720-27Q2
Retumn Loss -27.9d8

General Antenna Parameters and Design

| Etectrical Detay (one direction) | 1.369 ns

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

The dipole is made of standard semirigid coaxial cable, The center conducior of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is therefore shont-circuited tor DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms. bacauese they might bend or the scidered connections near the
feedpoint may be damaged,
Additional EUT Data
Manufacturad by SPEAG
Manufactured on March 08, 2001
Certificate No: D835V2-441_Jan15 Paged ol 8
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DASYS5 Validation Report for Head TSL
Date: 22.01.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D835V2 - SN: 441
Communication System: UID 0 - CW; Freguency: 835 MHz
Medium parameters used: = 835 MHz; 6 =0.93 S/m; &, =41.5; p = 1000 kg/m‘
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-201 1)
DASYS2 Configuration

« Probe: ES3DV3 - SN3205; ConvF{(6.2, 6.2, 6.2); Calibrated: 30.12,2014;

« Sensor-Surface: 3mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601; Calibruted: 18.08.2014

» Phantom: Flat Phantom 4,9L; Type: QDOOOP49AA; Serial: 1001

o« DASYS252.8.8(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=3mm

Reference Value = 56.43 V/m: Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.49 Wikg

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

Maximum value of SAR (measured) = 2.76 Wrkg

d8
0
2,40
-4.80
-7.20
‘9.60
-12.00
0dB =276 Wikg = 4.41 dBW/kg
Certificate No: D835V2-441_Jan15 Page 5048
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Impedance Measurement Plot for Head TSL

22 Jan 2015 14133153
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DASYS5 Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V - SN: 441

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

Medium parameters used: = 835 MHz; o = 1.01 S/m; & = 55.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
» Probe: ES3DV3 - SN3205; ConvE(6.17, 6.17, 6.17): Calibrated: 30.12.2014.
» Segsor-Surface: 3mm {Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDUOOP49AA; Scrial: 1001

» DASYS252.8.8(1222): SEMCAD X 14.6.1((7331)

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

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

Peak SAR (extrapoiated) = 3.53 W/kg

SAR(] g) = 2.4 W/kg; SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 2,80 W/kg

dB
0

-2.40
-4.80
-1.20

-9.60

-12.00

0dB =280 W/kg = 4.47 dBW/kg
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Impedance Measurement Plot for Body TSL
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Zoughausstrasse 43, BO0S Zurich, Switzeriand Y ,’ﬁ‘\_‘v’ S Swiss Calibration Service
Ascrodizd by tho Swiss Accreditation Secvice (SAS) Accreditation No: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA

Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1800V2-2d007_Feb15
CALIBRATION CERTIFICATE

Otioct D1800V2 - SN: 24007

Caliteation procedure(s) QA CAL'°5V9

Calibration procedure for dipole validation kits above 700 MHz

Calforasion date: February 19, 2015

This calibration cenificata documans e fraceabiity 10 naticaal standards, which realize the physical unts of measwements (S1)
The measwements and the uncerainties with confidence probabilty are given on 1he foliowing peges and ace pan of the cestificate,

Al cafbrations have been conducted in the closed laboratory facility: envisonment Semporature (22 = 3)°C and humidty < 70%.

Calibrasion Equipment used (MATE critical for caiibration)

Primary Standads iDa Cal Diste (Cevtificate No.} Schoduled Caibration
Power mater EPM-4424 GB37480704 07-0ct-14 (No. 217-02020) Oct-15
Power sensor HP B431A US37282783 07-0ct-14 (No. 217-02020) Oct-15
Power sansor HP 8431A MY<41062317 07-0¢t-14 (No. 217-02021) O¢t-15
Refarance 20 08 Attenuator SN: 50S8 {20k) 0G-Apr-14 (No. 217-01918) Apr-15
Type-N mismatch combination SN: 5047.2 / 08327 03-Apr-14 (No. 217-01821) Apr-15
Reterence Probe ES30VI SN: 3205 3-Dec-14 (No. ES3-3205_Dec14) Dec-15
| DAE4 SN: 601 18-Aug-14 (No. DAE4-801_Augtd) Aug-15
1 Socondary Standards D2 Check Date {in housa) Scheduled Check
RF genacator RAS SMT-06 100005 04-Aug-59 (n house chagk Oct-13) In house check: Oct16
Network Anakyzer HP 8753E US37300585 54206  18-Oct-01 (in housa check Oct-14) In house check: Oot-15

Name Function + e
Calibrated by: Michas Waebsr Laboratary Technician ? M
Approvad by: Kasa Pokovic Tochnical Manager \ &

Issued: February 20, 2015
This calibeation cartificite shall et be reproduced anﬁ.ﬂm U8 without wiithen speeoval of the Laboratory., I
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Calibration Laboratory of ey,

Wl S T Schweizerischer ibrierdionst

Schmid & Partner % Service sulsse e-::emm

Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, B00S Zurich, Switzerand " ,,@‘\..\? Swiss Calibration Service
Accrodded by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral 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) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
chy 1800 MH2 = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 140 mho/m
Measured Head TSL parameters (220 +0.2)°C 38.728% 1.44 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 9.82 Wikg
SAR for nominal Head TSL parameters nommalized 10 1W 38.3 W/ikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5.12 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20,2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculalions were appilied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220202)*C 51.726% 1.53mho'm+ 6%
Body TSL temperature change during test <05'C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 9.67 Wikg
SAR for nomina! Body TSL parameters normalized to TW 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL corvdition
SAR measured 250 mW input power 510 Wig
SAR for nominal Body TSL parameters normalized o 1W 20.3 W/kg = 16.5 % (k=2)
Certificate No: D1800V2-2d007 _Feb1s Page 3018
HCT CO.,, LTD.
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 4730-63iQ
Retumn Loss -224dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 43930-71 K2
Retum Loss -2004dB

General Antenna Parameters and Design

| Erectrical Detay (one direction) | 1.204 ns |

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

The dipole is mads of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected to the
second anm of the dipole, The antenna Is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
ase added to the dipole arms in order to improve maiching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

aceording 1o the Standard.
No excassive force must be applied to tha dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged,
Additional EUT Data

Manufactured by SPEAG

Manutactured an July 23, 2001
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DASYS Validation Report for Head TSL

Date; 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT; Dipole 1800 MHz; Type: D1800V2: Serial: D1800V2 - SN: 24007

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

Medium parameters used: = [800 MHz; o = 1.44 S/m: g. = 38.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06. 5.06); Calibrated: 30.12.2014;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08,2014
» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 95.45 Vim; Power Dnift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

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

Maximum value of SAR (measured) = 12.4 Wikg

dB
0
-4.00
-8.00
-12.00
-16.00
-20.00
0dB =124 Wrkg = 10.93 dBW/kg
Certificate No: D1800V2-2d007_Faeb15 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date; 19.02.2015

Test Laboratory: SPEAG, Zarich, Switzerland
DUT: Dipole 1800 MHz: Type: DI800V2; Serial: D1800V2 - SN: 2d007
Communication System: UID 0 - CW; Frequency: 1800 MHz
Medium parameters used; = 1800 MHz: o = 1.53 8/m: &, =51.7; p = HKK) kg/m’
Phantom section: Flat Secticn
Measurement Standard: DASYS (IEEE/TEC/ANSI C63,19-2011)
DASYS2 Configuration:

« Probe: ES3IDV3 - SN3205: ConvF(4.77, 4.77, 4.77); Calibrated: 30.12.2014;

=  Sensor-Surface: 3mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 18.08.2014

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

o DASYS52 52.8.8(1222); SEMCAD X 14.6,1((7331)

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 = 93.07 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 16.9 Wikg

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

Maximum value of SAR (measured) = 12.1 Wikg

d8
-0

-3.80

-7.60

-11.40

-15.20

-19.00

0dB =121 W/kg = 10.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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Engineering AG % C Serviaio svizaero di tarators
Zeughausstrasse 43, 8004 Zurlch, Switzerland N S swiss Catibration Service
Aocredted by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multitatoral Agreement for the recognition of calibration cortificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d032 May15
[CALIBRATION CERTIFICATE

Cbjoct D1900V2 - SN: 50032

| Cailyation procedurels) QACAL~05V9
Calibration procedure for dipole validation kits above 700 MHz

Calibration date: May 20, 2015

This caliteabion certificata documants the tracaabilty 1o réticnal standands, which realize the physical units of measurements {S1)
Tha measuraments and the ¥as with confidence probability are given on the folowing pages and are pant of the certificate,

AZ caliteations have been canducted In the closed laboriary facity: emircoment temparsture (22:= 3)°Cand humidity < 70%

Calboration Equipment used (MATE critica for caiibestion)

Primary Standards |14 Cai Date (Certiticate No.) Scheduled Calitration
Powar meder EPM-3424 GB37AEDT04 07-0cX-14 (Na. 217-02020) Oct-15

Power sersor HP B481A | US3729078G 070114 (No, 217-02020) Oct-15

Powar sansor HP B481A | My21082317 O7-Oct-14 (No. 217-02021) Oct-15

Fleterence 20 9B Atlenuator SN: 5058 (20k3 01-Apr15 (No, 217-02131) Mar-16

Tyse-N mismalch combination | SN: 50472 106327 01-Apr-35 (No. 217-02134) Mar-18

fefacence Probe ESIOV3 | sN; 3208 30-Dec-14 (No, ES3-4205_Dec14) Dec-15

DAE4 | SN: 601 1B-AUG-14 (No. DAEG-BO0T_Augid) Aug-15

Secondary Standards liow Check Dase {in house) Schoduled Check

RF generator RS SMT-06 | 100005 04-A1g-98 (i house check Oct-13) In houss check: OCt-16
Notwork Analyzor HP 8753E | 847950595 54208 18-O5t-01 (in house chack Oct-14) In house check: Oct-15

S)gn.lmve
Calibrated by: Let Rlysnor Laburatory Technician W ¢
Appraved by Katja Pokovic Tochnical Manisgor M

Issued: May 20, 2015

This calitestion certificate =hall not ba reprochuced excegt in full without writtan approval of the labosstory
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Calibration Laboratory of

[ Schweizerischer Kalibrierdienst
Schmid & Partner g Servies suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accrediied by the Swiss Accrediiation Senvica (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating 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/S 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
paraliel to the body axis.

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

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

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

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

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

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

Certiicate No: D1900V2-5d032_May1s Page20ol8
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYsS V528.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220C 400 1.40 mho/m
Measurad Head TSL parameters (220202)°C 38928% 1,37 mho/m £ 6%
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 ¢m” (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 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL conddition
SAR measured 250 mW input powes 533 Wikg
SAR for nominal Head TSL parameters normalized 1© 1W 21.4 Wikg + 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mhoym
Measured Body TSL parameters {220+02)*C 527286% 1.5t 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 TSL parameters nomalized to 1W 40.9 Wkg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 541 Wha
SAR for nominal Body TSL paramelers nofmalized o 1W 21.7 Wikg £ 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point A74404+55Q
Retum Loss -242d8

General Antenna Parameters and Design

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

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

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-circuitad 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 to the position as explained in the
"Measurement Conditions™ paragraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excessive force must be appiied 1o the dipole arms, because thay might bend or the soldered connections near the

feedpoint may be damaged.
Additional EUT Data

Manufaciured by SPEAG

Manufactured on March 17, 2003
Cortificate No: D1900V2-54032_May15 Page 4 of 8
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DASYS5 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 MH2

Medivm parameters used: f = 1900 MHz; ¢ = 1.37 S/m; g, = 38.9; p = 1000 kg:‘m1
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
o Sensor-Surface; 3mm (Mechanica! Surface Detection)
s Electronics: DAEA Sno01; 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 grd: dx=3mm, dy=3mm, dz=5mm

Reference Value = 99.00 V/im; 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

dB
0
-3.60
-1.20
-10.80
-14.40
-18.00
0dB =127 W/keg = 11.04 dBW/kg
Certificate No: D1900V2-5d032_May15 Paga 50l 8
HCT CO., LTD.
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impedance Measurement Plot for Head TSL

e
me
0

Mid

Certificate No: D1800V2-5d032_May15

Report No.

HCT-A-1509-F008

20 Ny 2015

1155034

S14 LUF 51.281 5.2363 0 43862 pM L 90000 S0B MHz
.
L~ L)
4
{- » -l
4
C /
N
sl 106 5 4B/ REF -28 o8 $-23.477 08 4 90,080 909 MHz
o T + 4 4 - - . _,—4“_‘_‘-4
} e S| d | | R —<SH | {
.\‘- ’l‘ :
- \..0 V - -+ - -
I ! ) —_ 4 | : : }
\ |
+ + - "| t - - -
| A W | ! ! |
\/
i | ~ - - T
START A 700.880 880 iz STOP 2 109,928 800 Mz
Page 6ol 8
HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of
KOREA

TEL: +82 31645 6300 FAX: +82 31 645 6401

218 of 255



HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015

DASYS Validation Report for Body TSL

Date: 20.05.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI900V2: Serial: D1900V2 - SN: 5d032

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

Medium parameters used: { = 1900 MHz: 6 = 1.51 S$/m; & = 52.7; p = 10 kg/m'
Phantom section: Flat Scction

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

DASYS52 Configuration:
« Probe: ESADV3 - SN3205; ConvF(4.65, 4.65, 4.65), Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 3.0 (back): Type: QDOODOPS0OAA; 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 (extrapolaied) = 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

dB
0
-3.80
-1.60
-11.40
-15.20
-18.00
0dB =12.8 W/kg = 11.07 dBW/kg
Certificate No: D1900VR-5d032_May15 7 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Schmid & Partner % 2 Service suisse d'étalonnage
Engineering AG T Seryizio svizzero di taratura
Zeughausstrasse 33, 8004 Zurich, Switzerland U S Swiss Calibration Service

Accradited by the Swiss Accreditation Sarvice (SAS)

7 <
Myl oV

Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agi t for the goition of calibration certificates

cient  HCT (Dymstec)

Certificate No: D2450V2-743_May15

CALIBRATION CERTIFICATE

Otject D2450V2 - SN: 743

Calibrstion procedurels) QA CAL-05.9 . b
Calibration procedure for dipole validation kits above 700 MHz

Caliration date: May 19, 2015

Caliteation Equipment used (MATE critical far calibration)

Primary Standards lip#

This calibration cantfficate documesits tha traceability 10 national standards, which reakza the physical units of measuremants (S1)
The measurements and 1ha uncertainiiss with contidence probabiity ace given on tha (oflowing pages and are part of the cerificate.

All cafibrations have been conducied in the clsed laboralory tacility: environment fempariture {22 = 3)°C and hummcity < 70%.

Cal Data (Certficale No.) Scheduledt Catbration

Power mater EPM-342A | GBar4soT0s 07-Oct-14 (No. 247-02020) Oct15

Poywer sensor HE 84814 837202783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 (No, 217-02021) Oct15

Reference 20 4B Atleniaior | SN: 5058 (20K) 01-Apr-16 (No, 217-02131) Mar-16

Typa-N mismalch combination | SN 5047.2/ 08327 01-Apr-15 (No. 217-02134) Mar-16

Roforence Probe ES30V3 SN 3205 30-Dec-14 {No. ES3-3205, Dect4) Dec-15

DAE4 ‘ SN: 601 18-Aug-14 {No. DAEA-E01_Aug14) Alg-15

Secondiry Standards EE Check Data (in house) Scheduled Chack

AF generator R&S SMT-06 100005 02-Aug-82 (in houss check Oct-13) In house check: Oct-16

Nalweek Analyzer HP 87536 \ US37390685 64206  18-Oct-01 (in house chatk Oot-14) In house check: Oct-15
Nameo Function Sigriatre

Calibrated by: Michael Wabst  Laborafory Tachnician M_

£ :
Apgroved by; Kitja Pokewic Technical Manager [ : /'(é/

This calibvaticn canticate shall not be reorocucad axcept In ful without written aporoval of the laboratory

Issued: May 20, 2015

Certificate No: D2450V2-743_May 15

Report No.
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Issue Date: 09. 08, 2015

Calibration Laboratory of S Schweizerischer Kalibriordienst
Schmid & Partner c Service suissa o'éalonnage

Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service
Accredited by the Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signetories to the EA
Muttilateral Ag t for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,2
N/A riot 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 dipcle
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the teed 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.

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

probability of approximately 85%.
Centificate No: D2450V2-743_May15 Page2of8
R HCT CO., LTD.
eport No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. R f
KOREA yeonagieo, TR T 0 222 of 255

HCT-A-1509-F008 TEL: +8231 6456300 FAX: +82 31 645 6401



HET R, LT

FCC ID: ZNFH960 Issue Date: 09. 08, 2015
Measurement Conditions
DASY system configuration, 8s far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacear
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 392 1,80 mha/m
Measured Head TSL parameters {226202)°C 378+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 parametars 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 32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The {ollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1,95 mha/m
Measured Body TSL parameters (220£0.2)°C 507 +6% 203 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 13.4 Wikg
SAH for nominal Body TSL parameters nommalized o 1W 52.1 W/ikg = 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 parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)
Cortiticate No: D2450V2-742_May15 Page3of 8
HCT CO,, LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 5420 +44 12
Return Loss -248dB

Antenna Parameters with Body TSL

Impadance, translormed to feed point 5140+61)Q
Return Loss -24.24d8

General Antenna Parameters and Design

l Electrical Detay (one direction) [ 1160 ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected 1o the
second arm of the dipole. The antenna is therefore short-circuited for OC-signals, On some of the dipoles, stnall end caps
are added 1o the dipole arms in order to improve maiching when loaded according to the position as explained in the
“Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is stil

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

Manutactured by SPEAG

Manufactured on December 01, 2003
Certificate No: D2450V2-743_May15 Page 4 of 8
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DASYS 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; ¢ = |.84 S/m; & = 37.9; p = 1000 kg/m }
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSTC63.19-2011)
DASYS52 Configuration:

« Probe: ES3DV3 - SN3205; 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: Seral: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7)/Cube 0:
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

0

-4.80

-9.60

-14.40

-19.20

-24.00

0dB =177 W/kg = 12,48 dBW/kg
Certificate No: D2450V2-743_May15 Page 5ol 8
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Impedance Measurement Plot for Head TSL

19 May 2015 15:0%: 3
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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 MH2; 6 = 2.03 S/m; & =50.7. p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 432); 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: QDODOPSOAA; Serial: 1002

« DASYS252.8.8(1222) SEMCAD X 14.6,1I7331)

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 = 96.12 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 Wikg = 12.48 dBW/kg

Certificate No: D2450V2-743_May15 Page 7of8
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Impedance Measurement Plot for Body TSL
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Calib«_'ation Laboratory of _{\\“i"\"\}_:/:’;"/.; G Schweizerischer Kalibrierdienst
Schmid & Partner % c Service sulsse d'étalonnage

Engineering AG g Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S S Swiss Calibration Service
Sl
Accredited by the Swiss Accredtation Service (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Multitateral Ags L for the gnition of cafibration certificates
ciet  HCT (Dymstec) Certificate No: D2600V2-1015_Mar15
Object D2600V2 - SN: 1015
Caibration procedure(s) QA CAL-05v8
Calibration procedure for dipole validation kits above 700 MHz
Calibratice gate March 25, 2015
This c cartificate s the receability lo national slandaccs, which realize 1he physical units of measurements (S1),
The s and the with conSdanca peobabifity ase given on the following pages and are part of tha cerificate.
A¥ cafiralions have been Conducted in the closed laboratory faclity: anviranment temperature (22 + 5)'C and humidity < 70%
Caliteation Equipment used (METE cntical Sor calibration)
Primary Standards [1D# Cal Date (Certificate No.) Scheduled Caibration
Power meter EPM-442A | GBarasyro4 07-0c1-14 (No. 217-02020) Oct-15
Power sansor HP 84814 | US37202783 07-001-14 (N0, 217-020210) 015
Power sensor HP 84514 | MY41002317 07-0c1:14 {No. 217-02021) Oct5
Relerence 20 4B Attencatos § SN: 5059 {20K) G3-Ape-14 (No. 217-01918) Apr:15
Type-N mismaich combination 1 SN:5047.2/08327  03-Ape-14 (No, 217-01521) Apt-15
Relerance Proba ESIOV3 | SN 3205 30-Dec14 (Mo, E53:3205_Dec1d) Dec-15
DAEA |s~ 801 18-Aug-14 (No. DAES-801_AugT4) Aug-15
Secvadary Standands | e Check Date (1 house) Scheduted Chwck
AF generaior RAS SMT-06 100006 O4-Aug-89 (in house check Oct-13) In house chack: Oct-16
Netwark Anafyzer HP 87536 USHTI90S85 54206 1B-Oct-D1 (in house chack Oct14) In house check: Oct-15
Nama Functien Signature
Calorated by Jeton Kastratt Laboratory r«m&{ﬁ ( 2
Aporoved by Katia Pokovic Tachnical Managor %@
lsaued; March 25, 2015
This caibration certificate shal not be reprotucad axcept in full without written appraval of the laboratory
HCT CO., LTD.
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Calibration Laboratory of S S Schwsizerischer Kalibrierdienst
Schmid & Partner ) c Service suisse d'étalonnage
Engineering AG i Servizio svizzero di taratura
Zeughaussirasse 43, BOCA Zurich, Switzeriand "/,,,f:\?\\‘\* S Swiss Cafibration Service
hale
Accracitad by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories fo the EA
Multiiateral Agreement for the recognition of callbration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in ciose 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:

« 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
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 fow
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
No uncerainty 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 parametéers: The measured TSL parameters are used to calculate the
nominal SAR result.

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

HCT CO,, LTD.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, gz =5 mm
Frequency 2600 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39,0 1.96 mhoim
Measured Head TSL parameters (220£02)C 372=26% 2.00 mho/m = 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Caondition
SAR measured 250 mW input power 14.4 Wiy
SAR for nominal Head TSL parametess normalized to 1W 56.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6.40 Wikg
SAR for nominal Head TSL parameters nommalized to W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho'm
Measured Body TSL parameters (220+02)°C 503+68% 2.20 mhao/m = 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 e¢m’ (1 g) of Body TSL Condition
SAR measurad 250 mW inpul power 14.1 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 55.4 Wikg =17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6,27 Wikg
SAR for nominal Body TSL parameters normalized to 1W 24.8 Wikg = 16.5 % (k=2)
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 5000Q-21|Q
Return Loss -3354d8

Antenna Parameters with Body TSL

Impedance, transfcrmed to feed point 4660R-19iQ
Retum Loss ~27.80dB

General Antenna Parameters and Design

| Electrical Detay (one diraction) [ 1.150 ns

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

The dipole i3 made of standard semiriged coaxial cable. The canter conductor of the feeding line is directly connected 1o the
sacond am of the dipote. The antenna is theralore short-clrculted for DC-signals. On some of the dipoles. small end caps
are added to the dipole arms in order to mmprove matching when loaded according to the position as expiainad in the
"Measurement Conditions™ puragraph. 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 to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.
Additional EUT Data
Manutactured by SPEAG
Manutactured on October 30, 2007
HCT CO,, LTD.
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DASYS5 Validation Report for Head TSL
Date: 20.03,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: = 2600 MHz; o =2 S/m; g, = 37.2; p = 1000 kg/m”

Phantom section; Flat Sectuion
Meassurement Standard: DASYS (IEEEAEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.49, 4.49, 4.49); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Eiectronics: DAE4 Sn601, Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (front). Type: QDOOOPS0AA; Serial; 1001

« DASY52 52.8.8(1222); SEMCAD X 14.6.1(47331)

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

Reference Value = 102.2 V/im; Power Drift = (.03 dB

Pcak SAR (extrapolated) = 30.4 W/kg

SAR(1 g) = 14.4 W/kg; SAR(10 g) = 6.4 W/kg

Maximum value of SAR (measured) = 18.9 Wikg

o
e

s ]

e

we

2000

2500

OdB = 18.9 W/kg = 12,76 dBW/kg
HCT CO., LTD.
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parameters used: f = 2600 MHz; 0 = 2.2 S/m; ¢ = 50.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration;
«  Probe: ES3DV3 - SN3205; ConvF(4.13, 4,13, 4.13); Calibrated: 30.12.2014;
o  Sensor-Surface; Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sn60 1 Calibrated: 18.08.2014
» Phantom: Flat Phantom 5.0 (back): Type: QDOOOPS0AA; Serial: 1002

o DASY5252.88(1222), SEMCAD X 14.6.10(7331)

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

Reference Value = 96.03 Vim; Power Drifl = 0.03 dB

Peak SAR (extrapolated) = 29.2 Wikg

SAR(I g) = 14,1 W/kg: SAR(10 g) = 6.27 Wikg

Maximum value of SAR (measured) = 18.6 W/kg

d8
0
-5.00
-10.00
-15.00
-20.00
-25.00
0dB =186 Wrkeg =12.70 dBW/kg
HCT CO., LTD.
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Impedance Measurement Plot for Body TSL
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Schmid & Partner e S Service suisse d'étalonnage
Engineering AG it C  Sarvizio svizzero i scatrs
Zeughausstrasse 43, B004 Zurich, Switzertand N S Swiss Calitvation Service

Accraditod by tho Swiss Acoreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signataries to the EA

Accreditation No.: SCS 0108

Muitilaternl Agreement for the recogaition of calibration certificates
cient  HCT (Dymstec) Certificate No: D5SGHzV2-1107_Jan15
CALIBRATION CERTIFICATE
Qbject D5GHzV2' - SN:1107
Calibration procedire(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Caldration daie January 28, 2015

The measurements and he uncert:

with confi

Calbration Equipment usad (MATE critical for calibmtion)

This calibration certificate docurments the tracaabilty 1o national standards, which realizs the piwsical units of mesasurements (S1)
i probability are given on the folowing pages and are part of the certificate.

Al calibrations fizve been conduciod in the Sosed laboratory faciity: environment lemperature (22 + 3)°C and humidity < 70%,

Primary Standards 104 Cat Date {Certificase No.j Scheguled Cafibration
Powar metor EPMA42A GR37480704 07-0¢s-14 (No, 217-02020) Oct-18
Power sensor HP 84814 USarzas7as 07-Oct-14 (No, 217-02020) Oct-15
Power sensor HP 84814 MYA1002317 07-0ct-14 (No, 217.02021) Oct-1%
Rafamnce 20 o8 Aftenualor SN 5068 (20%) 03-Apr-14 (No. 217-01918) Apr-18
Type-N miamatch combination SN!5D47.2/06327  03-Ape-14 (No. 217-019821) Apras
Refersnck Probe EXaDV4 SN: 3503 30-Dec-14 (No, EX3-3500_Dec14) Dec-15
DAE4 SN: 601 18-Aug-14 {(No. DAES-B01_Ang14) Aug-15
Secondary Standards 1D ¥ Check Date (in house} Scheduied Check
| RF ganerator RAS SMT-06 100005 04-Aug-92 {In house chack Oct-13) In house check: Oal-16
| Network Analyzer HP 87536 USS7390685 $4206  18-O0101 (in house check Oct-14) I house check: Oct-15
Name Funcson Signature
Calibrated by Michaet Waber Labaratory Technican ”w,_
| Agpraved bry: Kafja Pokovic. Technical Manager

o =

Isswad: January 2§, 2015

| This caibration certificate shad not be reproducad exceat i fall wahaut written approval of the laboratary.
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Zeughausstrasse 43, 8004 Zurich, Switzeriand S Swiss Calibration Service

Accrediled by the Swiss Accriditation Service (SAS) Accreditstion No.: SCS 0108

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

Multilateral Agr for the anition of calibration certificates

Glossary:

TSL tissue simuiating 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) |EC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) |EEE Std 1528-20183, "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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

probability of approximately 95%.
Certificate No: D5GH2V2-1107_Jan15 Page 2 of 16
HCT CO,, LTD.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy = 4.0 mm, dz = 7.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz = 1 MMz
5300 MHz + 1 MHz
Frequency 5500 MRz + 1 MHz
5600 MHz + 1 MHz
5800 MHz = 1 Mz

Head TSL parameters at 5200 MHz
The following parameters and calculations were appiied,

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220%C 35.0 4.66 mho/m
Measured Head TSL parameters (220+02)°C 36326% 4.56 mha/m + 6 %
Head TSL temperature change during test <05°C 2
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW inpul power 7.89 Wikg
SAR for nominal Head TSL parameters nommaiized to 1W 79.0 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measuted 100 mW input power 2.28 Wikg
SAR for nominal Head TSL parameters normalized to 1W 22.6 Wikg + 12,5 % (k=2)
Certificate No: DSGHzV2-1107_Jants Page 30of 16
HCT CO., LTD.
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Head TSL parameters at 5300 MHz
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220+02)°C HB1:£68% 4.66 mho/m+ 6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wixg
SAR for nominal Head TSL parameters nomalized to TW 80.8 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measuwred 100 mW input pawer 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 4.96 mho/m
Measured Head TSL parameters {(220:02)°C 359+86% 4.86 mho/m 6%
Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5500 MHz
SAR averaged over T cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.16 Wikg
SAR for nominal Head TSL parameters normalized to 1W 81.6 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.32 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 23.2 Wikg £ 19.5 % (k=2)
Cenificate No: DS5GHzV2-1107_Jan15 Page 4 of 16
HCT CO., LTD.
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters {220402)°C 3B726% 497 mho/m £6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Congdition
SAR measured 100 mW input power B8.15Wikg

SAR for nominal Head TSL parameters

normalized to W

81.5 Wikg = 19.9 % (ks2)

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

SAR measurad 100 mW input power 2.32 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 353 5.27 mho/m

Measured Head TSL parameters {220202)°C 35426% S.18 mhoim 26 %

Head TSL temperature change during test <05°C e -
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 em’ (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.78 Wikg

SAR for nominad Head TSL parameters normalized to 1W 77.8 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 221 Wikg

SAR for nominal Head TSL parameters normalized to TW 22.1 Wikg = 19.5 % (k=2)
Centificate No: DSGH2zV2-1107_Jani5 Page Sof 16
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Body TSL parameters at 5200 MHz
The fotlowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2)°C 494:6% 542 mho/m + 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.36 Wikg
SAR for nominal Body TSL parameters nommalized to 1W 73.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.05 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mho/m
Measured Body TSL parameters (22.0 £ 0.2)“C 492+6% 5.55 mho/m + 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.34 Wikg
SAR for nominal Body TSL parameters normalized to 1W 73.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW Input power 2.05 W/kg
SAR for nominal Body TSL parameters normalized to 1TW 20.6 W/kg = 19.5 % (k=2)
Certificate No: D5GH2V2-1107 _Jan15 Page 6 of 16
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Body TSL parameters at 5500 MHz
The following parameters and calculations were appled.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 436 5.65 mho/m
Measured Body TSL parameters (220+02)°C 48926% 5.82 mho/m £ 8 %
Body TSL temperature change during test <0Q5°C e —
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm’ {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.87 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.8 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 218 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 485 5.77 mhoim
Measured Body TSL parameters (22.0+0.2) "C 48.7+6% 5.96 mho/m £ 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.75 Wikg
SAR for nomingl Body TSL parameters normalized to 1W 77.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” {10 g) of Body TSL condition
SAR measured 100 mW Input power 215 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 482 6,00 mhoim
Measured Body TSL parameters {220+ 0.2)°C 484 £6% 5.25mho/m 8%
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.51 Wikg
SAR for nominal Body TSL parameters normalized to 1W 75.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® {10 g) of Body TSL condition
SAH measured 100 mW input power 2.07 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 20.7 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL at 5200 MHz
Impedance, Iransformed to feed point 4770Q-94iQ
Retum Loss -20.1dB
Antenna Parameters with Head TSL at 5300 MHz
Impedance, ransiormed to feed point 491 40-69K2
Return Loss -23.1d8
Antenna Parameters with Head TSL at 5500 MHz
Impedance, transformed 10 feed poing 504Q-45iQ
Return Loss -26.2dB
Antenna Parameters with Head TSL at 5600 MHz
impedance, transformed to feed point 536Q-58102
Retum Loss <237 4B
Antenna Parameters with Head TSL at 5800 MHz
Impedance, fransformed to feed point 543Q-54 10
Raturn Loss -2364dB
Antenna Parameters with Body TSL at 5200 MHz
Impedance, tanstormed to feed point 4730-82K
Return Loss -20.2d8
Antenna Parameters with Body TSL at 5300 MHz
impedance, transformed to feed point 4A960Q-65K
Return Loss -23.7dB
Antenna Parameters with Body TSL at 5500 MHz
Impedance, transformed 1o feed point 507Q-38)K2
Retum Loss -28.3d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5410Q2-54 K2
Retumn Loss -238dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, ransformed 10 feed point 5480-4310Q
Return Loss -242d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1105 ns |

After long term use with 100W radiated power, only & sfight warming of the dipole near the leedpoint can be measured.

The dipole is made ot standard semingid coaxial cable. The center conductor of the feeding ling is directly connected to the
second arm of the dipole. The antenna is therefore shert-clrcuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to Improve matching when loaded according to the position as explained in the
*Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length Is sl

according to the Standard,
No excessive force must be applied to the dipote arms, becausse they might bend or the soldered connections near the
leedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on March 11, 2011
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DASYS Validation Report for Head TSL

Date; 28.01.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 3300 MHz, Frequency: 3500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o = 4,56 S/m; & = 36.3; p = 1000 kg/m" , Medium parameters
used: = 5300 MHz; 6 = 4.66 S/m; & = 36.1; p= 1000 kg/m” , Medium parameters used: f = 5500 MHz; 6 =
4.86 S/m; & = 35.9; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz; o =4.97 S/m; &, =35.7: p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; ¢ = 5.18 S/m; & = 35.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS2 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF{5.21, 5.21,
5.21); Calibrated: 30.12.2014, ConvF(5.12, 5.12, 5,12); Calibrated: 30.12.2014, ConvF(4.92, 4,92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9): Calibrated: 30.12.2014;

« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 18,08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Seral: 1001
« DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4tmm, dy=4mm, dz=1 4mm

Reference Value = 64.92 V/m; Power Drift = 0.04 dB

Peak SAR {extrapolated) = 28.8 Wikg

SAR(1 g) = 7.89 W/kg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4dmm, dy=4mm, dz=1.4mm

Reference Value = 65.41 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) = 8,08 W/kg; SAR(10 g) = 2,32 W/kg

Maximum value of SAR (measured) = 18.6 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.51 V/im: Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.2 Wikg

SAR(1 g) = 8,16 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 18.9 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64,39 V/im; Power Drift =0.04 dB

Peak SAR (extrapolated) = 32.2 W/kg

SAR(] g) = 8.15 W/kg; SAR(10 g) = 2.32 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61.53 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR(1 g) = 7.78 W/kg: SAR(10 g) = 2.21 W/kg

Maximum valuc of SAR (measured) = 18.5 W/kg

dB
0
-6.00
-12.00
-18.00
-24.00
-30.00
0dB =178 Wikg = 12,50 dBW/kg
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impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 20.01,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Fregquency: 5600 MHz, Frequency: 580 MHz

Medium parameters used; = 5200 MHz: o = 5.42 S/m; g, = 49.4; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: o = 5.55 S/m; g =49.2; p = 1000 kg/m’ , Medium parameters used: = 5500 MHz; 6 =
5.82 8/m; g =48.9; p= 1000 kg/m’ , Medium parameters used: £ = 5600 MHz; 6 = 5.96 S/m; ¢, = 48.7; p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; o = 6.25 S/m; &, = 48.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

»  Probe: EX3DV4 - SN3503; ConvF(4.95, 4,95, 4.95); Calibrated: 30.12.2014, ConvF(4.78, 4.78,
4.78); Calibrated: 30.12.2014, ConvF(4.45, 445, 4.45); Calibrated: 30.12.2014, ConvF(4.33, 4.35,
4.35); Calibrated: 30.12.2014. ConvF(4.32, 4.32, 4.32): Calibrated: 30.12.2014;

= Sensor-Surface: . 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

= Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
« DASY3252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.76 V/im, Power Drift = -0.00 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.36 W/kg; SAR(10 g) = 2,05 W/kg

Maximum vilue of SAR (measured) = 16,9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.01 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 7.34 W/kg: SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 17.1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement gnd: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.02 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.5 Wikg

SAR(1 g) = 7.87 W/kg; SAR(10 g} = 2.18 W/kg

Maximum value of SAR (measured) = 18.8 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 57.52 V/m: Power Drift = 0.00 dB

Peak SAR (cxtrapolated) = 34.1 W/kg

SAR(1 g) = .75 Wikg; SAR(10 g) = 2.15 W/kg

Maximum value of SAR (mcasured) = 18.7 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.60 V/m; Power Drift =-0.01 B

Peak SAR (extrapolated) = 34.8 Wikg

SAR(1 g) = 7.51 W/kg: SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

dB

-0
-10.00
-20.00
-30.00
-40.00
-50.00

0dB =169 W/kg = 1228 dBW/kg
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1 900 2 450 -2 700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether i, i i - - - 17.24 10.67
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

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

Per FCC KCB 865664 DO02v01r01, 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 1528-2003 and FCC KDB 865664 D01v01r04. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

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

Dielectric Parameters CW Validation Modulation Validation
Rl C;irk?:)a?ion Dipole Date
e | point pemmitiviy Conduciivity S5V ui?a”r?.JlEJt?SS Type Facter PAR
y Typ

4 1605 |[ET3DV6 | Head | 750 | 1014 | 2015.5.11 42.1 0.9 PASS PASS | PASS | N/A | N/A | N/A
4 1605 |[ET3DV6 | Body | 750 | 1014 | 2015.5.11 55.7 0.98 PASS PASS | PASS | N/A | N/A | N/A
5 3903 |EX3DV4 | Head | 835 | 441 2015.2.11 41.6 0.89 PASS PASS | PASS |[GMSK|PASS | N/A
5 3903 |EX3DV4 | Body | 835 | 441 2015.2.12 55.4 0.97 PASS PASS | PASS |[GMSK|PASS | N/A
4 1605 [ET3DV6 | Head | 835 | 441 2015.5.11 41.6 0.89 PASS PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Body | 835 | 441 2015.5.11 55.4 0.97 PASS PASS | PASS | N/A | N/A | N/A
5 3903 |EX3DV4 | Head (1800| 2d007 | 2015.3.2 40.5 1.38 PASS PASS | PASS | N/A | N/A | N/A
5 | 3903 |EX3DV4| Body |1800| 2d007 | 2015.3.2 53.1 1.54 PASS | PASS | PASS | N/A | N/A | N/A
5 | 3903 |EX3DV4| Head |1900| 5d032 | 2015.05.28 40.1 1.39 PASS | PASS | PASS |[GMSK|PASS| N/A
5 | 3903 |EX3DV4| Body |1900| 5d032 | 2015.05.29 52.4 151 PASS | PASS | PASS |[GMSK|PASS| N/A
5 | 3903 |EX3DV4| Head |1900| 5d032 | 2015.05.28 40.1 1.39 PASS | PASS | PASS | N/A | N/A | N/A
5 | 3903 |EX3DV4| Body |1900| 5d032 | 2015.05.29 52.4 151 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3076 |ES3DV3| Head |2450| 743 | 2015.8.13 38.7 1.8 PASS | PASS | PASS [OFDM| N/A |PASS
9 3076 |ES3DV3| Body (2450 743 2015.8.12 52.3 1.97 PASS PASS | PASS [OFDM| N/A |PASS
8 | 3076 |ES3DV3| Head |2600| 1015 | 2015.8.13 38.9 1.95 PASS | PASS | PASS | NA | N/A | NA
8 3076 |ES3DV3| Body (2600| 1015 | 2015.8.12 52.2 2.13 PASS PASS | PASS | NA N/A | NA
8 3967 |EX3DV4 | Head [5300| 1107 | 2015.2.12 35.7 4.75 PASS PASS | PASS [OFDM| N/A |PASS
8 3967 |EX3DV4 | Head [5600| 1107 | 2015.2.12 35.2 4.99 PASS PASS | PASS |[OFDM| N/A |PASS
8 3967 |EX3DV4 | Head [5800| 1107 | 2015.2.12 35.1 5.29 PASS PASS | PASS [OFDM| N/A |PASS
8 3967 |[EX3DV4 | Body |5300( 1107 | 2015.2.12 48.5 5.38 PASS PASS | PASS |OFDM| N/A |PASS
8 3967 |[EX3DV4 | Body |5600( 1107 | 2015.2.12 47.8 5.72 PASS PASS | PASS |OFDM| N/A |PASS
8 3967 |[EX3DV4 | Body |5800( 1107 | 2015.2.12 47.3 5.94 PASS PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g
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SAR Probe Dielectric Parameters CW Validation Modulation Validation

SYSEM probe F')I'r)?r?ee Cal}i)br'attion Dipole DEIS Measured Measured o ... Probe Probe MOD. Duty | o,
o Permittivity Conductivity Y Lineari Isotropy Type |Factor

8 3967 [EX3DV4 | Body |5300| 1107 | 2015.2.12 48.5 5.38 PASS | PASS | PASS [OFDM| N/A |PASS

8 3967 [EX3DV4 | Body |5600| 1107 | 2015.2.12 47.8 5.72 PASS | PASS | PASS [OFDM| N/A |PASS

8 3967 |EX3DV4| Body |5800| 1107 | 2015.2.12 47.3 5.94 PASS | PASS | PASS [OFDM| N/A |PASS

SAR System Validation Summary — Extremity SAR Considerations

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 D01v01r03. 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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