-
h'cr FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

Attachment 3. — Probe Calibration Data

F-TP22-03 (Rev.00) 153 /262 HCT CO,, LTD



=
h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD
Calibration Laboratory of S, beoan Schweizerischer Kalibrierdienst
SeEhmid & Paﬂt;eGr S=r (1 (s: Service sulsse d'talonnage
ngineeri ’ i Servizio svizzero di taratura
Znuahasserasse 45,8004 Zurich, Swizarand %fﬁx Y/ S guisn Cotration Service
Aocredied by the Swiss Accreditaton Senace (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreament for the recognition of calibration certfficates

Calerson cate Marchg 206

This calibratian certificate documents the Iraceatslity fo naticnal standards, which realizs the iy unis af 59
The messurements and the uncertainties with confdance prodabiity am given on the follawing pages and are part of the cerificate.

Al calibrations hirve been conguctad in the ciosed labormary taclity; erviranment temperature (22 £ 3)°C and humidity < 70%

Caulibrstion Equipmant used (METE criteal for calibration)

Primary Standards {L2) Ca Date (Cartificase No.) Scheduled Calbraton
Power mater E44168 GB41253374 01-Apr-19 (No. 217.02128) Mar-16
Powsr WE‘H_Z_A MY41438087 01-Apre15 (No. 217-02128) Mar-16
Refevence 3 d8 Atenuator SN: 55054 (Ic) 01:Ape-15 (No. 217-02129) Mer-16
Raterancs 70 dB Atwnusitor SN: 85277 {20x) 01-Apr-15 (No. 217-02132} Mur-18
Reference 30 9B Asenvator SN $5129 {20n) 01-Age-16 (No. 217-02135} Mar-18
Refurence Probe ES30VI SN g_ou 31.Dec-15 (No. ES3-3013_Dect5) Dec-16
DAEA SN: 680 Z3-Dec-15 (No. DAE4-560_Dec15) Dec-16
Standards o Check Date {in house) Schedules Check
RF HP 8648C US38a2U01700 ‘v@g-ﬂ [ howse check Ape-13) In houss chack, Ape-16
Network Analyzec HP B753E | USS7350588 18-0ct-01 (in huuse chack Oct-15) In house check Oct-16
Nane Function
Approved by

fssued: Maech 21, 2016

This calibration cerfilicste shall nol bs repro axcapt n Wil without weitlen approval of the laboratory
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HCT CO,LTD
Calibration Laboratory of S Schweizorischer Kallbri
: S 7%
Schmid & Partner e (S: Sorvice suisse d'dtalannage
Engineering AG H & Servizio svizzero di taratura
Zeughausstrasss 43, 004 Zurich, Switzertand ’@\ S guise Catiiwation Service
Accredited by ihe Swss Acoreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMX.y,z sensiivity in free space
ConvF sansitivity in TSL / NORMx.y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B.C,D modutation dependent linearization parameters
Polarization p o rotation around probe axis
Polarization 5 # rotation @round an axis that is in the plane normal to probe axis (at measurement center),
\&., & =0is normal to probe axis
Connector Angle information used in DASY system to align probe sansor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

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

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

KDB 865664, "SAR Measuremeant Requirements for 100 MHz fo 8 GHz"

Methods Applied and Interpretation of Parameters:

NORMY.y,2: Assessed for E-field polaration 8 = O (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavegutde)
NORMzx,y.z are only mtermediate values, |.e., the uncertainties of NORMx,y,z does not affect the E “fiald
uncedtainty inside TSL (see below ConvF)

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

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

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

Axy.z: Bx,y,z; Cx.y,z; Dx.y,z, VRx,y.z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS vollage acress the diode.

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

Spherical isotropy (3D deviation from Isotropy); In a field of low gradients realized using a flat phantom
axposed by a patch antenna.

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

Connector Angie: The angle is assassed using the information gained by determining the NORMx (no
uncertainty required).
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

ET3DVE - SN: 1809

March 18, 2016

Probe ET3DV6

SN:1609

Manufactured:  July 27, 2001
Calibrated: March 18, 2016

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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ET30VE- SN:1609 March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVI(Vim}’)® 2.00 1.61 1.82 £ 101 %
DCP (mV)" 102.0 100.5 101.5
Modulation Calibration Parameters
uiD 'c ication System Name A 8 c 0 VR Unc"
- - o || @8 |aeBVpv| | dB my | (2] |
0 cw___ X | 00 00 | 10 | 000 | 2680 | 433%
) Y | oo 0.0 1.0 266.9
| 2z 0.0 0.0 1.0 2592

The reparted 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 urcararmias of Nom XY,Z do nat aftect the E¥-fefd uncertainty inside TSL {see Pages 5 and 6).

" Numarca linganzaticn parameter: uncertainty not reguired

" Uncertainty & determined Lsing the max. deviation from Srear response applying rectanguls: detribution snd is sxprassad for e sousrs of the
field vake

Cedificate No: ET3-1609_Mar18é Page 4 of 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

ETIDVE- SN:1609

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

March 18, 2016

Relative Conductivity Depth ™ Une
1{MHz}" | Permittivity" (Sim) " ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.81 6.81 6.81 0.42 232 +120%
835 41.5 0.90 6.48 648 8.48 045 222 £12.0%
900 41.5 0.97 6.33 6.33 6.33 0.34 2.61 +120%
1450 40.5 1.20 5.61 5.61 561 0.53 234 +12.0%
1750 401 1.37 540 5.40 540 0.68 2.25 +120%
1900 40.0 140 5.20 5.20 5.20 0.79 205 +120%
1950 40.0 1.40 5.04 5.04 5.04 0.80 2.16 +12.0 %
2300 39.5 1.67 4,88 4.88 4.88 0.80 1.94 +120% |

© Fraquenty valdty sbove 300 MHz of = 100 MHz only apphies for DASY vd 4 and highar (see Page 2), else & = restricted 1o + 40 Mz The
uncedainty & the RSS of the Com® uncantainty st cadbration frequency and the uncaranty
below 300 MHE is + 10, 25, 40. 50 and 70 MHz for ConvF assessmonts at 30, 64, 128, 150 and 220 MMz respectively. Above § GHz frequency

valdty can be extonded ¥ £ 110 MHz

for the ndicated frequency band. Frequency validity

Al Fequencies below 3 GHL the valldity of 15sue parsmeters (¢ and o) can be relaxed 10 = 10% i liquid compensation formula is appied to

measurad SAR values. Al frequencies above 3 GHz, the validity of lissue parametars (e and o) @ reslrciad 1o £ 5% The uncartanty & the RSS of

the ConvF uncertainty for indicaled targel lissue paramesars,
Y Alpha'Depth are determined during calration. SPEAG warrants at the remaining deviation dus to the bouncary effect after compersation is

alwarys less than 4 1% for frequencies bilaw 3 GHz and balow = 7% for fraguancies batwean 3-6 GHz at any cistance larger than half the probe fip

diameter from the beundary

Certificate No: ET3-1609_Mar18
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ET30VE6- SN:1609 March 18, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth ™ Unc

1(MHz)© | Permittivity" {Stm)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.25 6.25 6.25 0.31 275 £12.0%
835 552 0.97 6.16 6.16 616 0.32 2.73 +120%
1750 53.4 1.49 4.86 4.86 4.86 0.80 245 +120%
1800 53.3 152 4,68 468 468 0.80 231 £120%

“ Froguancy validity above 300 MHz of # 100 MHz anly appies for DASY w4 and higher (see Page 2§, clse # is restricted to £ 50 MMz The
unceranty is the RSS of the CanviF uncensinty at calteation frequency and the uncertainty for the indicated frequency banc. Frequency validity
bedow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComF assessments of 30, 64, 128, 150 end 220 MHZ respectively. Above 5 GHz frequency
valdity can be extended to + 110 MKz

¥ At frmquences below 3 GHz, the vakdty of issue pararnetens (¢ 2nd o) can be rstaxed (o 2 10% I iquid compansation Sarmuls is sppled 1o
measured SAR values. Al froquencies above 3 GHz. the validity of tissue parameters (£ and o) Is resticind to + 5% The uncartainty is the RSS of
the CanvF uncestamty for indicated target tssue poramelers.

" Alpha/Dapth are d d duting calibration. SPEAG ts thal the remaining ceviation dus 1o the boundary effect aller compensation is
always hess than ¢ 1% fr Irequences delow 3 GHE and below £ 2% for frequencies batween 3-8 GHe at any dalance larger (han hat the prode tip
dlameter from Ihe toundary
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ETIOVE. SN:1602 March 18, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Certflicats No: ET3-1600_Mar16 Page 7 of 11
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ET3DV6H~ SN: 1609 March 18_2016
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Corfificate No: ET3-1608_Mar1é Paga 8ol 11
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Dynamic Range f(SARpead)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certfificale No. ET3-1608_Mar6 Page 9 of 11
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
ET3DVE- SN:1609 March 18, 2016
Conversion Factor Assessment
= B35 MHz WGLS RS (H_comvF) = 1900 MHz WGLS R22 (H_convfF)
z - 2 ol '
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Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
<10 08 08 04 02 00 D2 04 08 08 1.0
Uncertainty of Spherical isotropy Assessment:  2.6% (k=2)
Cartfficate No: ET3-1609_Mar16 Page 10 of 11
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ET30VB- SN:1609 March 13, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

Sensor Arrangement Triangukar |
" Connector Angle () o TTTA |
Mechanical Surface Detection Moce enabled

Optical Surface Detection Mode disabled -
Probe Overall Length 337 mm |
["Probe Body Diameler 0 mm
{ Tip Length 10 mm
VTip Diameter ] 6.8 mm
Probe Tip to Sensor X Calibraton Point ‘ 2.7 mm
Probe Tip 1o Sensor Y Calibeation Point | 2.7 mm
Probe Tip to Sensor Z Calibration Point ‘ 2.7 mm
Recommended Measurement Distance from Surface ! 4 mm
Cetificata No: ET3-1608_Mar18 Page 11 of 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzertand

Accreditad by the Swiss Accredtation Senice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multiiataral Agraement for the recognition of calibration certificates

Calbraton oste

This caliramon ceatifioate do

(+)

mwow

(

Sarvice suisse d'étalonnage
Sarvizio svixzero & taratura
Swiss Calibration Service

Accraditation No.; SCS 0108

18 the bty to
The measwurements and the uncanainties with confidénce probatsiity ore given an the followng pages and are part of the cedificate

Calbration Equipment used (MATE critical for calibration)

standards. which raaiize the pysical unils of messuremeats (S1).

Al calsrations have baen conductad in the cosed labanstory facity. ervironment femperatiore (22 4 3)°C and humidity < T0%.

Thes cafibeation carmhicate shall net be reproduced axcapt In Jull without wettien approe of the laboratony,

Primary St i ) Cal Date {Cendcata No ) Scheduked Caltwation

Pawee moter NRP SN 104778 QO0-Apr-18 (No. 217-02288/X2289) Apr-17

Pawer sensor NRP-Z91 3N 103288 O8-Apr-16 (No. 217-02288) Apra7

Power sensar NRP-Z91 SN 103245 O8-Apr-18 (No. 217-02288) Apr-17

R 20 ¢B An SN- S5277 (20x) 05-Apr-16 (No. 217-02263) Apr-17

Reference Probe ES3OV2 SN 3013 31-Dec-15 {No. ES3.3013_Dec15) Dec-18

DAE4 SN 680 23.Dec-15 {No. DAEA-£60_Dects) Dec-16

Secandary Stardard D Chack Uate (in houss) Scheduled Check

Power metar E44 198 SN GB4A1293874 Q6-Apr-18 (No. 217-02266X22584) in house check: Jun-16

Poawes sensor EA1124 SN MYA41468087 06-Apr-18 (No. 217-02285) in house check: Jun-16

Power sensar EA412A SN 000110210 Q6-Ape-18 (No. 247-02284) in house check: Jun-16

RF g HP B648C SN US3842001700 04-Auvg-849 (in house check Apr-13) in hause chack. Jun-16

Network Anaiyzer HP 8753E SN US37380585 18-Oct-01 (in house check Oct-165) in house chack: Oct-16
Name Function

Calibrated by: SRR

Appeoved by:

Certificate No: EX3-3958_May16
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HCT CO,LTD

Calibration Laboratory of g Sch Por KiRbriordh

Schmid & Partner C  Service suisse d'dtalonnage
Engineering AG Servizio svizzoro di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Acorediied by the Swiss Accreditaion Secvics (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of callbration certificales

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCcP diode compression paint

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

A B CD modulation dependent finearization parameters

Paolarization ¢ » rotation around probe axis

Paolarization & 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

e, § = 0 Is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1628-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wirsless Communications Devices: Measuremant
Techniques®, June 2013

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

o) IEC 62209-2, "Procedure to determine the Specific Abscrption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

*  NORMx.y z: Assessed for E-fisld polarization & = 0 (f < 900 MHz in TEM-cell, I > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, Le., the uncertainties of NORMx,y,z does not affect the E-field
uncartainty inside TSL (ses below ConvF).

«  NORM(Tix.y.z = NORMx.y,z * frequency_respanse (see Frequency Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response Is included
In the stated uncertainty of ConvF.

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

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

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

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for f < 800 MHz) and Inside waveguide using analytical field distributions based on power
measurements for { > B00 MHz The same selups are used for assessment of the paramelers applied for
boundary compensation {(alpha, depth) of which typical uncertaintly values are given. These parameters are
used in DASY4 software to Improve probe accuracy close to the boundary. The sensitivity In TSL corresponds
to NORMY,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £+ 50 MHz to £ 100
MHz,

« Sphencal 1sotropy (3D dewiation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

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

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

Certificate No: EX3-3968_ May16 Page 2 of 11
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

EX3DV4 - SN.3968

May 31, 2016

Probe EX3DV4

SN:3968

Manufactured:  September 30, 2013
Calibrated: May 31, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systeml)
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HCTCO,LLTD

EXIDV4- SN:3068 May 31, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y I Sensor Z | Unc (k=2)
Norm (pViVImY' ) 0.36 0.35 0.42 =10.1%
DCP (mV)" 101.7 102.0 97 4 |
Modulation Calibration Parameters
VIT) Communication System Name A B c [3) VR Unc"
d8 | dBYpv | | dB mv (k=2)
0 W X 00 | 00 1.0 0.00 | 1344 | 225%
| Y | 00 0.0 1.0 1315
z 0.0 0.0 1.0 1465

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

* Tt uncanainties of Notm X,Y 2 do not affect the £ field uncertainty inside TSL {ses Pages § ard 6)
" Numarical lnearization parameter. uncenainty not required

" Uncartainty l5 detarmined using the mix. devinlion from inear response soohing raciungular datribution and is expressed for the square of the
field value

Cartificata No: EX3-3568_May16 Page 4 of 11
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HCTCO,LTD

EX3DV4- SN-3968 May 31, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Ccmducumy Depth ® Unc
f(MHz) ¢ | Permittivity" (Sim) * ConvF X | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
150 52.3 076 1317 13.17 1317 0.00 100 | £133%
300 45.3 0.87 12.10 12.10 12.10 0.08 110 | +133%
450 435 0.87 10.73 10.73 10.73 0.16 120 | +133%
750 41.9 0.89 10.27 10.27 10.27 0.51 ] 080 | +120%
835 415 0.90 9.97 8.97 9.97 0.42 | 087 | +120%
200 415 0.97 9.62 9.62 9.62 0.25 120 | £120%
1450 40.5 1.20 855 B.55 8.55 0.34 080 | +120%
1750 401 1.37 845 8.45 B.45 0.33 080 | +120%
1800 40.0 1.40 814 | B4 8.14 0.31 080 | £120%
1950 40.0 1.40 7.89 7.89 7.89 0.37 0.80 | $120%
2300 39.5 1.67 7.72 7.72 7.72 0.30 089 | +120%
2450 39.2 1.80 7.30 7.30 7.30 0.25 080 | £120%
2600 39.0 1.96 7.24 7.24 7.24 0.37 080 | £120%
5250 358 4T 5.35 5.35 535 0.30 180 | +131%
5600 355 5.07 486 4.66 4.66 0.40 1.80 | +131%
5750 3654 5.22 4.78 4.78 4.78 0.40 1.80 | $131%

‘Frmmwnynmmmzd.ﬁ!mm(znrl\,mphs'wb&svvl4lndnghu(mpq:2] mzsmm:wum The
uncartarty & the RSS of the ConvF uncestarty at calibration frequency and the y band. F valdty
Delow I00 Mz is £ 10, 25, 40, 50 and 70 MHz for CoonviF assesaments st 30, 64, 128, lﬁOlndeHzrupoclndy Abuusekhmmy
valdlymbommdedio:ﬂouﬂz

Azbaqummmaahhuld:ydmnalmm(uma)unuuhucn:I%dlqnd pensation f iz i appied 10
maasured SAR vatues. Al frequencies above 3 GHZ, the valdily of lissue parametens (« and o) & resirictad 10 £ 5%. Tha uncartainty is the R3S of
mwummmwmawcmmn

* Alpha/Degpth are determined during calibration. SPEAG that the i d due to the boundary effect after compensation is
nmmmmxi*lmbwmbe‘chGHznrdbebax?%hfrwmmMGHzmmymuvguumhmwpmbenp
diamater from the boundary.
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ” Unc

f(MHz)® | Peemittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12.46 12.46 12,46 0.00 100 | 2133%
300 58.2 0.92 11,57 11.57 11.57 0.08 1.11 £13.3%
450 567 0.94 11.24 11.24 11.24 0.10 120 | 2133%
750 55.5 0,96 9.65 9.65 9.65 0.40 082 | £120%
835 §5.2 0.97 .66 9.66 9.66 0.49 080 | +£12.0%
1750 53.4 1.49 B.16 8.16 8.16 0.34 080 | £120%
1900 53.3 1.52 7.89 7.89 7.89 0.40 080 | +120%
2450 52.7 1.95 7.31 7.31 7.31 0.41 080 | +120%
2600 525 216 71 711 7.1 034 | 080 | +120%
5250 48.9 5.36 4.37 4.37 4.37 0.50 190 | £131%
5600 48.5 577 378 3.78 3.78 0.55 180 | £131%
5750 483 5.94 3.02 3.92 3.92 0.60 190 | +£131%

Ffequemyvaid(yabove:ioonl&d:100M&mtyupﬂmlumsvu4wmghu(mt’m2) alse Il |5 resvicted 1o = 50 MHZ The
uncanainty is the RSS of the Cormd uncertamly ot calibration freg y and the ¢ y for the fraguancy band. Frequency valdity
bakow 300 MHz 5 + 10, 25, 40, 50 and 70 MHE for ConvF assessments ol 30, 64, 124, 150“220Mure-oechv¢~ Above 5 GHz frequency
valldity can be @dencad to + 110 MHz
'Aumncbsbatm‘.\Gmmevdunydmmm(:xﬁn)muuhndm: 0% I liquic compensation formuda s appbied to
measured SAR values, At froquencies abova 3 GHz, tha validily of lissue parameters {n and o) i reaticled 1o = 5%. The uncerainty is tha RSS of
meCumF ummybnmodwwnssuopammu

re o during _ SPEAG warrants that the ramamng deviation cue 10 tha boundary offect after compensation is
aways less than = 1% for freguancies below 3 GHz and bolow £ 2% for frequencies between 5.8 GHz at any datance larger than half the probe tip
dameder from the boundary
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO,LTD

EX30V4. SN:3068 May 31, 2016
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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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May 31, 2016

Conversion Factor Assessment
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Deviation from Isotropy in Liquid

Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DVv4- SN:3968

May 31, 2016

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

Other Probe Parameters

Sensof Arrangament Triangular
“Connector Angle (*) 634
Mechanical Surface Datection Mode enabled |
Optical Surface Detection Mode ~ disabled |
Probe Overall Length 337 mm

{ Probe Body Diameter 10 mm
Tip Length 9 mm

‘“Tlp Diameter 25mm

[Probe Tip 1o Sensor X Calibration Point Tom
Probe Tip to Sensor Y Calibration Point 1T mm

[Probe Tip to Sensor Z Calibration Point Tmm

. Recommended Measuremeant Distance from Surface 1.4 mm
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

HCTCO,LTD
Calibration Laboratory of S, Sohvwelisitect
Schmid & Partner S (TR 3 s e ttconmge
Engineering AG > \ g Servizio svizzero g taratura
43,5004 Zurieh, Switzertand e QoS Swiss Calibration Sarvice

Acoredited by the Swiss Acorediation Sarvce (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilaterad Agroament for tha recognition of calibration certificates

Calibraticn

This caiibeation canficate cocuments the fracsabiity to natonal standards. which reakze the phy
The measLremants and e uncartamties with confidance probatiity am given on the follkwing pages und are paet of (he ceniicste.

Caibrabion Equipment used (MATE critical for calibration)

Accraditation No.: SCS 0108

ol unts of

(S

All calbrabons have been conducisd in the cosed laboratary faciRy. snvitonment tenpersture (22 = 3)°0 and hunidity < 70%.

This calibration cerificate shal nol be reproduced axcept n full without watten aparovad of the laboratary.

Primary Star 0 Cal Date (Cartficato No Scheduled C

Power meter E44158 GBL1293874 01-Apr-16 (No. 21742128) Mar. 18

Power senzar £4412A MY 41490087 01-Apn 15 {No. 217-02128) Mar- 16

Rl 3dB A SN: S5064 (30) 01-Apr-16 (No. 217.02123) Mar-16

Ref 20 4B A SN: SS277 (20x} 01-Apr-15 (No. 217-02132) Mar-16

Rt 30 B Attorsatoe SN- 56323 {30b) 01-Apr-15 (No. 217402133) Mar-16

Ref Probe ES30V2 SN 3013 30-Dec-14 {No. ES3-3013_Dec14) Dec-15

OAE4 Sh- 860 14-Jan-15 {No. DAE4-560_Jan15} Jan-16

Secocdary Standards D Chack Date (in howss) Scheduled Check

RF g HP BBARC US342001700 £-Aug-98 {in house check Agar-13) In house chack Apr-16

L & Analyzor HP 8751E | US37300585 18-0c1-01 (i houss check Oct-15) In house chack O-16
Function

Approved by

Essuoit: December 16, 2016

Certificate No: EX3-3867_Dects
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCTCO,LTD
Calibration Laboratory of SO,
. & ke Schweizerischer Kalibrierdionst

Schmid & Partner %% cs: Service suisse d'étalonnage

Engineering AG & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand , ‘ S Swiss Calitration Service

S W
Accredited by the Swss Accreditation Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories 1o the EA
Multiiateral Agroement for the recognition of calibeation certificates
Glossary:
TSL tissue simulating iquid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCcP dicde compression paint
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent Nnearization parameters
Polarization ¢ i rotation around probe axis
Potarization 8 § rotation around an axis that Is in the plane normal to probe axis (at measurement center),
i.e,, % =0 is normal to probe axis

Conneator Angle information used in DASY system 1o align probe sensor X 1o ihe robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

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

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

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

Methods Applied and Interpretation of Parameters:

NORMYy,y.z: Assessed for E-fiekd polarization § = 0 (f < 900 MHz in TEM-csll; f > 1800 MHz: R22 wavcwido)
NORMx.y,z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E”-field
uncertainty inside TSL {see below ConvF).

NORM(f)x.y,.z = NORMx.y.z * frequency_response (see Frequency Responsse Chart). This linearization i
implemented in DASY4 software versions fater than 4.2. The uncertainty of the frequency résponse is iIncluded
in the stated uncartainty of ConvF.

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

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

Ax.y.z; Bx,y,z; Cx,y,z; Dx,y,z; VRx.y,z: A, B, C, D ara numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

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

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

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

Connectar Angle: The angle Is assessed using the information gained by detarmining the NORMx (no
uncertainty required)

Cerfificate No: EX3-3067_Dects Page 2 of 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX30DV4 - SN:3967

December 16 2015

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013

Calibrated: December 16, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3967 December 16. 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
Norm (uVAVIm)*y" (.54 0.38 0,45 £101 %
DCP (mV)" 101.3 97.8 101.0
Modulation Calibration Parameters
uiD Communication System Name A 8 c [} VR Unc"
e 48 | dBVuV dB my (k=2)
0 oW x| 00 00 | 10 | 000 | 1460 | *35%
Y | 00 0.0 1.0 1437
Z 0.0 0.0 1.0 138.2

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 uncartainties of Norm X.¥.2 do not atfect the £'-fleki uncertanty inside TSL (s=s Pages 5 and &)
¥ Numerical \ paramater- ¢

not required,
¥ Uncertainty is dutermined using the max. d 1 from lnear response applying rectangular disinbution and 16 axpressed for the square of the
fiedd vahue
Cerificate No: EX3.3967_Dec15 Page ¢ of 11
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HCTCO,LTD

EX3DVa- SN:3967 December 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © Pe::m < cu('ds:nc;“n ConvFX | ConvFY | ConvFZ | Alpha® T«ﬁ}i =) 7(;;)_
750 419 0.89 10.27 10,27 10.27 0.21 139 | £120%
835 415 0.50 8.87 9.87 9.87 0.20 138 | +120%
500 415 0.97 l 9.70 9.70 370 0.25 115 | £120% '
1450 405 1.20 B.19 8.19 8.19 0.29 092 | +120%
1750 401 1.37 8.39 8.39 8.39 0.25 088 | £120%
1900 40.0 1.40 8.11 8.11 8.11 0.38 080 | £120%
1950 40.0 1.40 7.90 7.90 7.90 0.38 086 | £120%
2300 39.5 1.67 7.73 7.73 7.73 l 0.37 084 | £120%
2450 392 1.80 742 | 742 | 742 | 040 | o080 | 2120%
2600 39.0 1.96 7.47 7.47 7.17 0.41 083 | £120%
3500 379 291 789 | 768 7.69 0.94 063 | +131%
5200 36.0 4,66 537 5.37 5.37 0.35 180 | £131%
5300 35.9 476 5.04 5.04 5.04 0.40 1.80 | #131%
5500 356 496 4,87 4.87 487 0.45 1.80 | +131%
5600 355 5.07 4,65 4.65 4.65 0.50 180 | £131%
5800 35.3 5.27 4.69 4.69 469 0.50 180 | £131%

‘meyvahdnyamSMMzdzlmMcmmmlocMYv‘lmmlumi’) acnumumswm The
uncortanty is the RSS of the CanvF uncerfainty a1 calibration frequency and the unceriainty for the y band. F y valdity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ComnF assessmants & 30, 64, 128, \wmammwy AbunSGHxﬁaqum
uhdlymbemmedln‘ 110 MHE

" A trequencias below 3 GHz, the valdty of tissue parameters (o and o) can be relazed 1o + 10% # lqud foemara =
measured SAR values, At frequences above 3 GHz, the vality of tssus paramelers (c and o) & restncted 1o 2 5%, TMummaﬂycmeRSSd
Iho ConvF uncaanty for Ingicated target tssue parameters.

% Alpha/Depth are detarmined during calibration. SPEAG warrants that the remaining deviation due (o he boundary sffect aftar compensaton is
Pways kess than + 1% for frequencies below 3 GHz and below + 2% for frequencias batween 3-6 GHZ at any distance Sarger than half the probe tip
dameter from the boandary.
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HCTCO,LTD

EX30V4- SN:3067 December 182015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Unc

Cf(MHZ)® | Permittivity " (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mmj) (k=2)
750 55.5 0.96 9.92 9.92 0.92 0.22 1.41 £12.0%
835 55.2 0.97 9.76 9.76 9.76 0.24 1.28 +120%
1750 53.4 1.49 8.04 B.04 8.04 0.40 0.85 £120%
1800 53.3 152 7.95 7.95 7.95 0.35 0.92 +120%
2450 52.7 1.95 7.31 7.31 7.3 0.40 086 | £120%
2600 525 216 7.19 7.19 7.19 0.25 105 | £120%
3500 51.3 an 686 6.86 6.86 0.36 1.14 | £131%
5200 49.0 5.30 4.32 4.32 4.32 0.55 190 | +13.1%
5300 489 542 4.23 4.23 423 0.55 190 | £131%
5500 488 585 3.80 3.80 3.80 0.80 190 | +131%
5600 | 48.5 577 3.70 3.70 370 060 | 190 | £134%
5800 482 .00 [ 3.82 3.82 | 3.82 0.60 l 190 | +13.1%

© Fraquancy valkity above 300 MHz of 3 100 Mi<z only appies for DASY w4 and higher (see Page 2). alse It is resticied fo £ 50 MHz. The
uncerainty 5 the RSS of the ConvE uncerainty at calration fraguancy and the uncertainty for the indicated fraguency band. Frequency validity
below 300 MHz is ¢ 10, 25, 40, 50 and 70 MMz for CorwF assesaments at 30, 64, 128, 150 and 220 MMz respechively. Abave 5 GHz frequency
vakdity can be exiended fo = 110 MHz

" At trequencies balow 3 GHz. the valdity of fissup parameters (¢ and &) can be nelaed 10 £ 10% if liquitt comp formuda is apphed to
measured SAR values Al freguencies sbove 3 GHz, the validity of tasue paramesers (s and o) is reaticiad 10 = 5%, The uncertainty is the RSS of
1he ConvF uncertainty for indicatad 1argel USsus parameters

% Alpha'Degth are d 0a durning SPEAG that tha ramanng ceviation due 1o he y effect after cor

Always loss than + n.mmmmsmmmwzahwm%Gmuwdnmmusmmnmmm
diameter from the boundary,
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

December 16, 2015

0.9
I
3 08
o
4
u 07 "'
06
05— e —— — !
0 500 1000 1500 2000 2500
f [MHz]
= e
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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December 16, 2015
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)

Certflicate No. EX3-3067_Dects

Page 9of 11

F-TP22-03 (Rev.00)

184 /262

HCT CO., LTD



CT

HCTCO,LTD

FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

EX3DV4- SN.3867

December 16, 2015

Conversion Factor Assessment
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Deviation from Isotropy in Liquid
Error ($, 9), =900 MHz
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Uncertainty of Spherical Isotropy Assessment; £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 2086
Mechanical Surface Detection Made I enablad
Optical Surface Detection Mode “disabled
Probe Overall Length 337 mm
Probe Body Diameter T 10mm|
| Tip Length T gmm |
Tip Diameter 25mm
Probe T 10 Sensor X Calibration Point 1mm
Probe Tip 1o Sensor Y Calibration Paint 1 mm
‘Probe Tip to Sensar Z Cailbration Point 1T mm
Recommended Measurement Distance from Surface 14 mm
Certificate No: EX3-3967_Dec15 Page 11 of 11
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

HCTCO,LTD
Calibration Laboratory of \‘Q\EI.’_Z”’; s s FR A
Schmid & Partner M c Service suisse C"#alonnage
Engineering AG T s Servizio svizzero di taratura
Zeughausstrasse 43, 1004 Zurich, Switzeriand "4,,'"“/'\:__‘}" Swiss Calibiration Service

Accretited by the Swiss Accredtation Sevice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No: SCS 0108

Multilateral Agr for tha ecognition of calibeation centificates
cien  HCT (Dymstec) Certificate No: EX3-3903_Sep15
CALIBRATION CERTIFICATE
Object EX3DV4 - SNi3303
| cateraton procadurets QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v8
Calibration procedure for dosimetric E-field probes
Calibation date September 28, 2015
This cafibeation cartficate documents the bty to I dards, which realizs 1he physical units of s (S
Tha and the ¢ with conf provabiity am given on the following pages and ave parf of the cadificals

All catbeations nave been conducind 0 the cosed lab

y taciily: er omoe

Calbtraton Equipmen uvsed (MATE crocel for calibrabion)

a0 (22 + 3)°C and humidity < 70%.

This catibeation cartficate shall not be reproduced axcapt in ful without writien approval of the laboratory

Primary S D Cal Dste (Cectificats No | Scheduled Calbration

Power meter E44198 GB41253874 01-Apr-15 {No. 217-02128) Mar-18

Power sensor E4412A MY41488087 01-Agr-15 {No, 217-02128) Mar 16

Rederence 3 68 Attenuator SN 55084 {3c) 01-Apr-15 (No. 247-02128) Mar-18

Raference 20 dB Attanuator SN: S52717 {20x) 01-Apr-15 (No 217-02132) Mor-16

Reference 30 dB Aenusion SN: $5129 {30b) Q1-Apr-15 (No. 297-02133) Mar-19

Raferencs Probe ES30V2 SN: 3013 30-Dec-14 (No. E53-3013_Dec14) Dec-15

DAE4 SN 680 14-Jan-15 (No. DAE4-860_Jan15) Jan-16

Secundary Stendards I Chack Date (in house) Schaduled Chack

RF generator HP BS4BC US3BA2001700 4-Aug-99 (in hovsa chack Ape-13) I Hewse check: Apr-16

Nebtwork Analyzer HP 67538 US37390885 18-0ct-D1 (Io house check Oct14) In houss check: Oct-15
[ Name Function Sqgnature
| Catbrated by Istoe EiRooug Unbisaion Tachnikian: Ot ga :

kssued September 30, 2015
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2
HCT CO,LTD
Calibration Laboratory of i, Schwelien Kalibrierdi
Schmid & Partner % g Service suisse &'élalonnage
Engineering AG T g Servizio svizzerm di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland i @‘\‘y Swiss Calibration Servics
Accrodited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108
The Swiss Accredilation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration centificates
Glossary:
TSL tssue simulating liquid
NORMx,y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y,z
oce diode compression paint
CF crest factor (1/duty_cycle) of the RF signal
A.BCD modulation dependent lingarization parameters
Potarization \p rotation around probe axis
Polanzation 4 5 rotation around an axis that is in the plane normal to probe axis (at measuremant center),
e, 5 =0is normal fo probe axis
Connecior Angle information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz 10 3 GHz)", February 2005

IEC 62208-2, "Procadurs to determine the Specific Absorplion Rate (SAR) for wireless communication devices
used In closa proximity to the human body (frequency range of 30 MHz to & GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz 1o 6 GHz2"

Methods Applied and Interpretation of Parameters:

NORMx.y,z Assessed for E-field polanization & = 0 (f < 900 MHz in TEM-cedl; f > 1800 MHz: R22 waveguide)
NORMx.y.z are only intermediate values, |.e., the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see beiow ConvF).

NORM(f)x.y.z = NORMx,y.z * frequency_response (see Frequency Response Chart). This finearization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the frequency responsa is included
in the stated uncertainty of ConvF,

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

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

Axy.z; Bx.y.z: Cx,y.z Dx,y.2; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum callbration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensilivity in TSL corresponds
1o NORMx.y.z * ConvF whareby 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.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a paich antenna,

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

Connactor Angle: The angle is assessed using the information gained by detarmining the NORMx (no
uncertainty requirad).
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Probe EX3DV4
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Calibrated: September 28, 2015

Calibrated for DASY/EASY Systems
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX30V4- SN.2903

Septembar 28, 2013

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

Basic Calibration Parameters

] Sensor X Sansor Y ‘SensorZ Unc (k=2)
Noem (uV/AVim)*)" | 0.41 0.36 0.56 +10.1 %
DCP {(mV)° | 103.7 108.6 99.4
Modulation Calibration Parameters
[uio [ ication System Name A B [ ) VR Unc™
dB d8vViuVv da mv (k=2)
0 [ cw X 0.0 0.0 1.0 000 | 1452 [ 27%
Y 0.0 0.0 1.0 11344 |
B z 0.0 0.0 1.0 [ 1436 |

probability of approximately 95%.

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

A The uncenaintes of Norm X Y.Z do not aflact the E* feld uncenianty inside TSL (soe Pages 5 and 6)

Y Numenical linesv\zation parameder; uncertanty 00k fequined

¥ Uncertainty 5 determined using the max. davigtion fom Inear resporse applying rectanguiss dsirution and & axpressed far he square of the

fiold velue

Certificate No: EX3-3903_Sep15
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EX30V4- SN:3%03 Septembar 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth @ Unc

1(MHz)® | Permittivity” | (8fm)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 41.5 0.90 a.84 9.84 9.84 0.20 1.58 +12.0%
Q00 415 097 9.88 9.68 9.68 0.22 1.40 +12.0%
1450 40.5 1.20 8.25 8.25 B.25 017 156 | 2120%
1750 40.1 1.37 8.29 8.29 8.29 0.37 080 | +120%
1800 40.0 1.40 8.03 8.03 8.03 0.37 080 | +120%
1950 40.0 1.40 7.84 7.84 7.84 0.33 0.88 £120%
2300 395 1.67 7.69 7.69 7.69 0.35 0.43 £12.0%
2450 39.2 1.80 7.35 7.35 7.35 0.42 0.80 +12.0%
2600 39.0 1.96 7.09 7.09 7.09 0.26 113 | $120%
5200 36.0 4,66 528 5.28 5.28 0.40 1.80 | +13.1%
5300 359 476 5.08 5.08 5.08 0.40 1.80 +13.1%
5500 356 4,96 4.91 491 | 49 0.40 1.80 £13.1%
5600 355 5.07 470 4.70 4.70 0.45 1.80 £131%
5800 353 527 | 4.60 4,60 460 | 045 1.80 +131%

‘mevacnymwﬂmudz100mzm&pﬁeslorDASYMAMWM(»QMQZ)JMM&W&&;:SOMHL he
uncananly is the RSS of the CanvF uncentarnty 8t calitvation frog y and the ur y foe tha Indicated fraquency band. Frequency validity
Letow 300 MHz is = 10, 25, 40, 50 and 70 MHz foc ConvF assessmends at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended o = 110 MHz

F At frequencies betow 3 GHz. the validity of s us paramaters [« and o) can be reéaned 10 = 10% I lguad compensation formus & applied w0
measwed SAR values: Al frequencies abave 3 GHz, the validity of bssue paramesers [z and o) is resticled 10 = 5%, The uncertsnty o the RSS of
e Comd uncarainty for indcated targel lissue parametars

© ApnaDepth are determined during calibration. SPEAG warrants that the remaining daviabion 0ue 1o the beundary effect sfter compansalion &
ahwiys less than 2 !'UuruqumesbmowacmmwowA?%hrhqummuﬁmmmyd&amemmmwlmmnp
diamater from the boundury
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EX30V4- SN:3903 September 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unc

{(MHz)C | Permittivity” (sim)" ConvE X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 10.05 10.05 1005 | 023 129 | +120%
1750 53.4 1.49 7.94 7.94 7.94 0.39 085 | +120%
1900 53.3 152 | 172 7.12 7.72 0.34 087 | 2120%
2300 52.9 1.81 7.57 757 7.57 042 | 080 | +120%
2450 52.7 1.95 7.38 7.38 7.38 0.31 095 | +120%
2600 52.6 2,16 7.22 7.22 7.22 0.22 095 | +120%
5200 49.0 5.30 4.57 4.57 4.57 0.50 190 | £131%
5300 489 5.42 442 442 442 | 050 190 | £131%
5500 48.6 5.65 3.88 3.88 388 | 060 190 | *131%
5600 48.5 577 374 374 3.74 0.60 1.80 | +131%
5800 48.2 .00 4.08 4.05 4.05 0.60 190 | +131%

“ Frequency valdty above 300 MHz of = 100 MMz anly speies for TASY w4 4 and higher (sse Page 2), eise t & resincted to + 50 MHz The
uncertainty is the RSS of the Convi uncenainty =t caltvstion fraquency and the y fof the ind freq y band. Frequancy vality
Delow 200 MHz is + 10, 25, 40, 50 and 70 MHz for Conv assessmaents at 3064, 128, 150 ana 220 MHz respeciivedy. Above 5 GHz frequency
varkdity can be extendad 1o = 110 Midz

" At frequoncies below 3 GHz, the vaidty of tissue parameters (¢ and a) can be relaxed to = 10% If Iquk! compensation formula 8 sppked to
musufodSARvahu.AlhsqumesamaGm_lmm«itydtmp.wamtsmdu)umlmdw:5% Tha uncerainty is the RSS of
fhe ConvF uncestainty for mdicaled Larget tissug peameters.

“ alphaDapth are determined during calibration. SPEAG st ihe g teviaticn dus 10 11 boundary efiect alter comp jon &
nmayslustm.r.ﬂuov"mnamhdm:\GHxmmthmw"mmnucmtwmlwawnmmmmm
dameter from the boundary
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

EX3DVa- SN-3503

Certificate No: EX3-3903_Sap15

Frequency response (normalized)

September 28, 2015

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

04—+ L - 1 L L L
1500
fMHg]

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

q

2000 2500 2000

Page 7of 1

F-TP22-03 (Rev.00)

193 /262

HCT CO., LTD



aCT

HCTCO,LTD

FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

EX3IDV4- SN:3803

Ssptember 28, 2015

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM
B
o

®
80 'T:J 2 1200 Tz 700 Wiz

=1800 MHz,R22

Tot X ¥

e e = o L S S B et

Rol [

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

Certificate No: EX3-3503_Sep15
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FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

EX3DV4- SN2903

September 28. 2015

Dynamic Range f(SAReaq)
(TEM cell , fova= 1900 MH2)

1 J
10°- i 3 }
H \
; 135
,'
= 1 1
S 1044 ‘
= \ ,
—13 L
{,;"'-’b o
::3; 10 3 ."' $iH
. |
l
i |
.
10-1 {
| ¥ !
[ .
P
.
C 1 i FEES YL
10 10 10 10 10 10 10’
SAR [mWicm3] -
+ ) L
not compensated compensated
1=«
E‘n “.“’T' '7F.Q:fol.‘~o~o~—’—~o‘
i
109 102 10 168 o 102 102
SAR [mW/om3)
| o]
not compeanssied compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN.3X03 Seplember 28, 2015

Conversion Factor Assessment

£ = 835 MHz WGLS RS (H_com) 1= 1500 MHz, WGLS R22 (H_convF)

z £
£
5 i§ ; ",
n-u - - ‘::" “@ ) w l‘l 3‘:" ,' “\‘7 ”" “'I;'.—l ‘ P !- .-7. .
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
1.0
0.8
0.8
; 04
:g 02
2 00
8 02

Lbbd
coma®

10 -08 06 04 02 02 02 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2,6% (k=2)
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EX30V4- SN:3903 Seplember 28, 2015

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

Other Probe Parameters

Sensor Arrangement Trangular
Cannector Angle (%) 332
" Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode disabled
Prabe Overall Length 337 mm |
Probe Body Diameter 0 mm |
Tip Length 9 mm
Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1Tmm
Probe Tip 1o Sensor Y Calibration Point | Tmm
‘Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface = 1.4 mm
Certificate No: EX3-3803_Sep15 Page 11 0of 11
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HCT CO,LTD
- . oy,
g:"_"bf:t;o; Laboratory of 3‘\‘\\_///’/, §  Schweizerischer Kalibrierdienst
m{ : ariner % C Service suisse @'étalonnage
Engineering AG T Servizio svizzero di taratura
Zoughaussirasse 43, B004 Zurich, Switzeriand % ,ﬁ\“\‘} S Swiss Calibration Service
Al

Accradited by the Swiss Accreditation Servcs (SAS)
The Swiss Accreditation Service is one of the signatories lo the EA
Multiisteral Agreement for the recognifion of calibration certificates

cient  HCT (Dymstec)

Accreditation No: SCS 0108

Certificate No: D750V3-1014_Jul16

CALIBRATION CERTIFICATE
O D750V3 - SN:1014

Calibeation proceduseds) QACALO5v9 | o

Calibration date: July22, 2016

This calibeation cedificate documents the {racesbilty to nationsl standards, which reaize the physical units of measuremants {S1),
The meast s and he ur intims with confidence probablity are glven on the following papes and ame par of tha candicate

All calibrations have been conducted in the closed laboratory faclity: snvirpnmaent tumperature (22 = 3)°C and humdity < 70%,

Calitention Equipment used (MATE crifical for caltration)

Primary Standards 10 ¢ Cal Dato (Cortficate No.) Schaculed Cailbration

Power mater NAP SN: 104778 05-Ape-16 (No. 217-02288K0228%) Ape-17

Powar sanaor NRP-Z91 SN: 103242 06-Apr-16 (No. 217-022388) Ape-17

Power sensor NAP-291 SN: 103245 08-Apr-16 (No. 217-02289) Apr-17

Feference 20 di Atenuator SN: 5068 {20K) 05-Apr-16 {No. 217-02292) Apr17

Type-N mismatich combination SN; 5047 2 ) 06327 05-Ap-16 (No. 217-02285) Apr-17

Felerence Probe EX30VA SN; 7340 15-Jun-18 (No. EX3-7340_Jun16) Junet?

DAE4 SN: 501 40-Dec-15 (No. DAE4-601_Dec15) Doc-16

Socoauary Standards 10 # Chock Date (in houss) Sohedulad Check

Powsr metsr EPM-4424 SN: GB3T480704 07-0ct-15 (No. 217-02222) In house checke Oct186

Power sansor HP 8481A SN; US37292783 07-0ct-15 (No. 21702222) In house check: Oct-16

Power ssnsar HF 84814 SN MY41082317 07-0ct-15 (No. 217-02223) In house checke Oct-16

RF generator &S SMT-06 SN 100672 15-Jun-15 {in house check Jun-15) in housa check: Oct-16

Network Anatyzer HF 8753E | SN US3raGosas 18-0ct-01 {in houss check Oct-135) in hbuse check: Oct-16
Name Function

Cadbrated by Claudie Lavblar Labaratary Technicizn

Aporoved by, Rasa Pokavic.

This calibeation corificate shall not be reproduced except in full without written appeoval of the laborstory.

lssued, July 26, 2016

Certificate No: D750V3-1014_Jul1g
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Calibration Laboratory of Schweizerischer Kalibrierdienst

Schmid & Partner S Service suisse d'étalonnage
Engineering AG C  senvirio svizzero di tarsturn
Zeughausstrasse 43, B004 Zurich, Switzerland S Swiss Calibration Service

Accradited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service s one of the signatories to the EA
Multilstersl Agresment for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 68 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the cerificate 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 Return Loss ensures low
reflected power. No uncertainty required.

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

Cartlicate No: D750V3-1014_Jul16 Page 20t 8
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Report No: HCT-A-1608-F001-2

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequoncy 750 MHz = 1 MH2z
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 parameters (220+02)°C 40.9+8% 0.91 mho/m =26 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAA measured 250 mW input power 212 Wihkg
SAR for nominal Head TSL parameters normalized to 1W 8.29 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.39 Wikg
SAR for nominal Head TSL parameters normalized o 1W 5,46 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters {220202)°C 551+6% 0,98 mho'm = 6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.24 Wiy
SAR for nominal Body TSI parameters normalized to 1W B.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input powert 1.46 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.72 Wikg = 16.5 % (k=2)

Certificate No: D750V3-1014_Juli
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiormed to feed point 5470Q+22i0

Aeturn Loss -26.1d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4360Q-08[12
Return Loss -411dB

General Antenna Parameters and Design

[ Electnical Delay (one direction) ] 1.033 ns

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

The dipole is made of standard semirigid coaxial cable. The canter conductor of the feading line is directly connected to the
second arm of the dipole, The antenna is therefore shon-circuited for DC-signals. On some ol the dipoles, small end caps
are added 1o the dipole anms 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, because they might bend or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on March 22, 2010
Certificate No: D750V3-1014_Jul1é Pagedof 8
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DASYS5 Validation Report for Head TSL

Date: 21.07.2016
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V3; Serial: D750V3 - SN:1014

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

Medium parameters used: =750 MHz; o= 0,91 S$/m; &= 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 4 9L; Type: QDOOOP49AA; Serial: 1001

« DASYS5252.8.8(1258). SEMCAD X 14.6.10(7372)

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

Reference Value = 58.75 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.19 Wikg

SAR(1 g) = 2.12 W/kg: SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 Wikg

-2.14
-4.28
-6.42

-8.56

-10.70

0dB = 2.83 Wikg = 4.52 dBW/kg

Certificate No: D750V3-1014_Jul16 Page5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 22.07.2016

T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014
Communication System: UID ) - CW; Frequency: 750 MHz )
Medium parsmeters used: =750 MHz; o = 0.99 8/m; & = 55.1; p= 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS2 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 15.06.2016;

« Sensor-Surface: |.4mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASYS52352.8.8(1258): SEMCAD X 14.6.10(7372)

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

Reference Value = 57.48 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.42 W/kg

SAR(I g) = 2.24 W/kg; SAR(10 g) = 146 W/kg

Maximum value of SAR (measured) = 3.01 Wikg

dB
0

-2.40
4.80

-9.60

-12.00

0 dB = 3.01 W/kg = 4.79 dBW/kg

Certificate No: D750V3-1014_Jul18 Page 7ol 8
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Impedance Measurement Plot for Body TSL
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. W,
Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner % c Saervice suisse d'éalonnage
Engineering AG T Sarvizio svizzero di taratura
Zeughausstrasss 43, 5004 Zurich, Switzeriand TN S Swiss Calibration Service
T
Actrediied by the Swiss Accrodation Sendce (SAS) Accreditation No.: SCS 0108

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

cient  HCT (Dymstec) Gartificato No: DB35V2-4d165_Nov15
[CALIBRATION CERTIFICATE

t

Chject DB35V2 - SN: 4d165

Calbration procadure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

Cafbration date: MNovember 24, 2015

This calibeation centificate documants the traceability 10 national standards, which reskize the physical units of measuremarnts {SI).
The measutements and tha uncartainiss with confidence probablity are given on the following pages and are part of the cortficate.

Al calibeations have been canducied In the ciosed laboratory tacility: emsronment temparaturs (22 + 3}°C and humidity < 70%

Calration Equipmeant used (MATE critical for caliteation)

Primary Standards D# Cail Dats (Certificate Na.) Schaduled Caibration

Pawar meter EPM-4424 GR3ITAEDT04 G7-0c1-15 (No, 217-02222) Oct-18

Pawar sansor HP 84814 USa7292783 07-Oct-15 (Na. 217-02222) Oct-186

Fowar sansar HP B481A | MY41092317 07-Oct-15 (No. 217-02223) Oct-16

fisterance 20 dB Atlequator SN BO58 (20k) 01-Ape15 (Mo 217-02131) Mar-18

Type-N mismaich combination SN: 5047.2 / 08327 01-Apr-15 (No. 217-02134) Mas-16

Reterence Probe EX3DVA SN: 7348 30-Dec-14 (No. EX3-75348_Dect4) Dec-15

DAE4 SN: 601 17-Aug-15 (No. DAES-601_Aug15) Aug-16

Secondary Standards liow Cheek Date (in house) Scheduled Check

AF generntce AAS SMT-06 | 100072 15-2n-15 {In house check Jun-15) In houss check Jun-18

Netwark Anatyzer HP 8753E | US37900585 S4206  18-Oct-01 (in houso check OC-15) in house check: Oct-18
Nama Function Sigrature

Calibrated by: Michas! Waber Laboratory Technician /’M
Agproved by: Katja Poxovic Technicat Manager %ff/g

lssued: November 24, 2015

This calitration certificate shall ot be reproduced axcept in full withou! wiitten approval of the laborslory

Certificate No; D835V2-4d165_Nov1i5 Page 1 of 8
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Calibr_'atlon Laboratory of \\@,’ S Schwaizerischer Kallbrierdsenst
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG Z < Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ,@ S  Swiss Calibration Service
Al
Accreditad by tha Swiss Accredilation Sarvica (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o 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 fiat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

The 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: D835V2-4d165_Novi5 Page20f 8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 15 mm with Spaocer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 Mz = 1 MHz
Head TSL parameters
The {ollowing parameters and calculations were applied,
Toemperature Permittivity Conductivity
Nominal Head TSL parameters 220°C M5 0,90 mho/m
Measured Head TSL parameters (220+02)°C 426+6% 0.92 mho/m £ 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 ey’ (1 g) of Head TSL Condition
SAR measurad 250 mW Input power 2.29 Wikg
SAR for nomanal Head TSL parameters normalized to 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following pararmneters and calculations were apphied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mho/m
Measured Body TSL parameters (220=02)°C 55626% 0.99 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 2.40 Wikg
SAR for nominal Body TSL parameters normalkzed to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measurad 250 mW Input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.25 W/kg % 16,5 % (k=2)

Cenihcate No: DB3SV2-44165_Novis

Page 3ol 8

F-TP22-03 (Rev.00)

209 /262

HCT CO., LTD



-
h'a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

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

Impedance, transformed to feed paint 5210-47 12
Retum Loss -26.0d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780Q-68 12
Retumn Loss -227dB

General Antenna Parameters and Design

| Electrical Delay (one direction) I 1.440 ns ]

After fong term use with 100W radiated power, only a shight warming of the dipole nears the feedpoint can be measured

The dipole is made of standard semengid coaxial cable. The center conductor of the feeding line s directly connected to the
second arm of the dipole, The antenna is therefore short-clroulted for DC-signals. On some of the dipotes, small end caps
are added 1o the dipole arms in order to improve matching when lcaded according to the position as explained in the
"Measurament Conditions® paragraph. The SAR data are nol alfected by this change. The overall dipole length Is still
according to the Standard,

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

{eadpoint may be damaged.
Additional EUT Data
Manufacturod by SPEAG
Manulactured on Dacember 28, 2012
Certificate No: D835V2-4d165_Nov15s Pagedot8
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DASYS5 Validation Report for Head TSL
Date: 24.11.2015

Test Laboratory: SPEAG, Zurnich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d165
Communication System: UID 00 - CW; Frequency: 835 MHz
Medium parameters used: =835 MHz; 6 = 0.92 S/m; & =42.6; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASYS52 Configuration:

o Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77. 9.77): Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 17.0R.2015

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Serial: 1001

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

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

Reference Value = 60.39 V/m; Power Drft = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

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

Maximum value of SAR (measured) = 3.03 Wikg

SLE A

0dB=3.03 Wikg =481 dBW/kg

Cantificate No: DB35V2-40165_Nov15 Paga5aolB
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parameters used: f = 835 MHz; 6 = 0.99 S/m; & = 55.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
o Probe; EX3DV4 - SN7349; ConvF(9.72, 9,72, 9.72); Calibrated: 30.12.2014;
o Sensor-Surface: |.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 17.08.2015
o Phantom: Flat Phantom 4.9L; Type: QDOGOP49AA; Serial: 1001

o DASYS5252.8.8(1222), SEMCAD X 14.6,1((7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube (:
Measurement grid: dx=5mm, dy=3mm, dz=S5mm

Reference Value = 61.95 Vim; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(! g) = 2.4 W/kg: SAR(10 g) = L.58 W/kg

Maximum value of SAR (measured) = 3.17 Wikg

L6

412

419

SLAL

0dB =3,17 Wikg = 5.01 dBW/kg

Centificate No: DB35V2-4a165_Nav1s Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

HCT CO,LTD
Calibljation Laboratory of {\\““Q:\Z"'z, Schwaizeriacher Kalibrierdienst
Schmid & Partner G Service suisse d'étalonnage
Engineering AG % s Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand N Swiss Calibration Service

ol

Accradited by ihe Swiss Accredtation Senice (SAS)
The Swisa Accreditation Service is one of the signatories to the EA
MuRtilsteral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Cartificate No: D1800V2-2d006_Jan16

CALIBRATION CERTIFICATE
Cuject D1800V2 - SN: 2d006
Calibvation procedure(s) QA CAL-05.v89

Calibration procedure for dipole validation kits above 700 MHz

Calibeation date: January 22, 2016

This calibration cartificate documents the raceability to national standards, which realizs the physical units of measurements (S1)
Tham and the L inties with confidence probatidity are given on Me folowing pages and are part of the cerdilicate

Al calisrations lave tean conductad o the closad laboratory fachity. enviranment lempersture (22 + 3)'C and humidity « 70%.

Calibeation Equipment used (METE critical for calibraticn)

Primary Standards D # Cal Data (Cartificate No.) Schaduled Caibyration
Power meter EFM-442A GB37460704 07-0cs-15 (No. 217-02222) Oct-16
Pawer sansor HF 8481A US372927683 07-Oct-15 (Na. 217,02222) Oct-186
Power sanaor HPF 84814 MY41002317 07-Cet-15 (No. 21702223} Oct-16
Aefecence 20 dB Alterusior SN: 5058 (20x) G Apr-15 (No, 217-02131) Mar-16
Type-N mismatch combenation SHL 5047.2 1 06327 0VApr15 (No. 217.02134) Mar-16
Aedorence Probe EX30V4 SN 7348 31-0e15 (No. EX3-7349_Dect5) Dec-16
DAE4 SN: 601 30-0ec-15 (No. DAE4-801_Dec15) Dec-16
Secondary Standards oy Check Date (in house) Scheduled Check
AF generator HAS SMT-05 100972 15-Jun-15 {in house chack Jun-15) In house chacikc Jun-18
Network Analyzar HP 8753 US37300585 S4206 18:0c101 (n houss cheok Oct-15) In houss checkc Oct-16
Name Function Signature
Catbrated by Mchaal Weber Laboratory Technican I “é !
.
Approved by: Katja Pakovic Technical Manages

T

Bsped January 25, 2016

This cairation certilicate shall not be repeoduocsd sxcapt in full without wrilten appeoval of the Wsbaratory.

Cenificate No: D1800V2-2d006_Jan16
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Calibration Laboratory of Y, Sehmetieiscires Kallit

Schmid & Partner AN S Senlmsulu:;‘itdonnm
Engineering AG T C  servisio svizaero i taratum

Zeughausstrasse 43, 8004 Zurich, Switzerland N S Swiss Calitration Service

Accredited by the Swiss Accreditation Sarvica (SAS) Accreditation No.: SCS 0108

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

Muttilateral Agr for the recagnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) |EC 82209-1, *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 82208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

* SAR 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: D1800V2-2d006_Jan16 Page2of 8
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Measurement Conditions
DASY system cenfiguration, as far as not given on page 1,
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 400 1.40 mho/m
Measured Head TSL parameters {220+02)"C 40126% 1.30 mhofm =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 9.57 Wiy
SAR tor nominal Head TSL parameters normalized to 1W 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5.03 Wikg
SAH lor nominal Head TSL parameters normalized to 1W 20.2 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220:02)°C 537+6% 1.52 mha/m + 6 %
Body TSL temperature change during test <05"C - —_
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Candition
SAR measured 250 mW input power 8.57 Wikg
SAR for nominal Body TSL paramsters normalized to TW 38.3 Wikg = 17,0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW Input power 5.05 Wrkg
SAR for nomsnal Body TSL parameters normalized 10 1W 20.2 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impadance, transformed o feed point 4650-6810
RAeturn Loss -221dB
Antenna Parameters with Body TSL
Impedance, transformed 1o leed paint U7Q-62K
Retun Loss -21.3dB
General Antenna Parameters and Design
I Electrical Delay (one direction) ] 1.208 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecied to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
‘Measurement Conditions® paragraph. The SAR data are not affected by this change. The averall dipole length is 1l

according to the Standard.
No excessive force must ba applied 1o the thpole arms, because they might bend or the soldered connections neat the
feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manutactured on July 23, 2001
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DASYS5 Validation Report for Head TSL

Date: 22.01,2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISO0OV2 - SN: 2d006

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

Medium parameters used: ['= 1800 MHz; o = 1.39 S/my; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31,12.2015;
« Sensor-Surface: [.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0DAA; Serial: 1001
« DASY35252.8.8(1258). SEMCAD X 14.6.1(§7372)
Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0):
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 106.1 V/im; Power Drift = (0.04 dB
Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 9.57 W/kg: SAR(10 g) = 5.03 W/kg
Maximum value of SAR (measured) = 14.5 Wikg

-3.60

-1.20

-14.40

-18.00

0dB = 14.5 Wkg = 11.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DIS00OV2; Serial: DI1S00V2 - SN: 2d006

Communication System: UID () - CW; Frequency: 1800 MHz

Medium parameters used: f= 1800 MHz: o= 1.52 S/m; £ = 53.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;

Sensor-Surface: |.4mm (Mechanmcal Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

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

Date: 22.01.2016

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 = 102.4 V/m: Power Drift = -0.01 dB
Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.05 W/kg
Miximum value of SAR (measured) = 14.4 Wikg

-3.60

-1.20

-10.80

-14.40

0dB =144 W/kg = 11.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Zoughausstrasse 43, 8004 Zurich, Switzeriand TN S swiss Callbration Service
Accredited by the Swiss Accradation Service (SAS) Accraditstion No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Muitilateral Agreement for the recognition of calibration certificates

ctiem  HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE

Object D1800V2 - SN: 5d061

Calibeation procedurels) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbration dute: Aprﬂ 25. 2016

This calluration cerlificats dacumants the racaabilty to national standards, which realize tha physical Lnils of measiremants (51)
The 1 18 and the une with ceafic probabillly are ghven cn the folowing pages and are par of the certificate

All calbrations have bean contuctad n the closed ory fachity:

® (22 £ 3)°C snd humidity < 70%.

Calibeation Equipment used (METE critical for casbration)

Primary Standarcs 10 # Cal Date {Cestificats No.) Schaduled Callbraton

Power meoler NAP SN 104778 06-Ape-16 (No, 217-02288/02288) Apr-17

Power sensor NRP-Z91 | SN 103244 05-Apr-186 (No. 217-02288) Apr-17

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

Aeferance 20 dB Alenustor SN: 5058 {20K) 05-Apr-18 (No. 217-02292) Apr-17

Type-N mismatch combination SN: 5047 2/ 06327 05-Apr-16 (No. 21702295) Ape17

Referance Probe EX30V4 SN: 7345 G51-Dac-15 (No. EX5-7340_Dec15) Dec-18

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

Seconadary Siandards D # Check Date (in house) Scheduled Chock

Powar meter EPM-342A SN: GEI7480704 07-Oct-15 (No, 217-02222) In hausa check: Oct-16

Power sensar HP 8481A SN: US37292763 07-Oct-15 (No, 217.02222) In house check: Oct-16

Pawer sansor HP 8481A EN MY41092317 07-0c1-15 (No, 21702223) In house check: Ocl-16

AF genarator &S SMT-06 SN 100872 15-Jun-15 {in house chack Jun-15) In house check: Oct-18

Network Anatyaar HP 8753E :, 8N US37390585 18-0O0t-01 (in house check Oct-15) in house check: Oct-18
Narne Function Signalure

Cafbraled by: Michaal Waber Laboralory Technician /{M !
Approved by: Katja Pokovic Technical Managor % 4

lesued: April 26, 2016

This calibration cedtiticata shall not be reproduced except In full without writton aporoval of the laboralory
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Zaughausstrasse 43, 8004 Zurich, Switzerland % /";\\‘\_,\? S  Swiss Calibsation Service
UM
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

» SAR nomalized: 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: D1200V2-5d061_Apri6 Page20i8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center- TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)°C 400+6% 137 mho/m £ 8%
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAHA moeasured 250 mW input power 9.53 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

38.6 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 528+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR resulit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.9 W/kg = 16.5 % (k=2)
Certificate No: D1900V2-5d061_Apr16 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+771Q
Retum Loss -221dB

Antenna Parameters with Body TSL

Impadance, transformed to feed point 479Q+B5Q

Aeturn Loss -210dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1192 ne

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the
sacond arm of the dipole. The antenna i therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Condifions” paragraph. The SAR data are not alfected 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
Manufactured by SPEAG
Manutactured on December 10, 2004
Centificate No: D1900V2-50d061_Apr16 Page 4 ol B
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DASYS5 Validation Report for Head TSL

Date: 25.04.2016
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

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

Medium parameters used: = 1900 MHz; o = 1,37 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12,2015;
e Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 107.4 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.2 Wikg

SAR(1 g) = 9.53 W/kg; SAR(10 g) = 5.01 Wikg

Maximum value of SAR (measured) = 14.5 Wikg

dB8
0

E -3.80
T
-7.60
-11.40

-15.20

-19.00

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

Date: 25.04.2016

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

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

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

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

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

» DASYS5252.8.8(1258); SEMCAD X 14.6.1(X7372)

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

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

Peak SAR {extrapolated) = 17.3 Wikg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0 dB = 14.9 Wikg = 11.73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accrodited by the Swiss Accreddatian Sendce (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilateral Agreement for the recognition of calibration certificates
cient  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
([CALIBRATION CERTIFICATE
. Dbject D2450V2 - SN: 965
Calibration procedura(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calitration datw April 19, 2016

This catibeation certficate documents tha tiaceability to natonal standards, which realize the physicsf units of measurements (S1).
The measuroments and the uncenainties with confidence probabiity are givan on tha follswing pages and are part of the canificite.
Al calitvations have baen condusied in the closed Inbonsiory taciilty: emviconment temperature {22 + 3)°C and humidity < 70%,

Caitirnbon Equipment used (METE critical for calibration)

Primary S D4 Cal Date (Cerificate No.) Scheduled Caloration

Pawar meter NRP SN: 104778 06-Ape-16 (No. 217-02288/02289) Apri7

Pawar sensor NRP-Z81 SN: 103244 C6-Apr-16 (No. 217-02288) ApraT

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

Hedarance 20 dB Attenuator SN: 5058 (20K) 05-Ape-16 (Na. 217-02282) Apri7

Type-N mismatch combination SN: 5047.2 7/ 06327 05-Apr16 (No, 217-02295) AprT

Reterancy Proba EX30V4 SN 7349 31-Dac-15 (No. EX3-7M48_Dects) Dec-16

DAE4 SN: 601 30-Dec-15 (No DAE4401_Deci15) Deac-16

Secondary Standards DA Check Data (n heuss) Scheduled Chack

Powear meter EPM-242A SN: GB37460704 07-Oc115 (No. 217-02222) In house check: Oat-16

Power sensor HP 8481A SN: US37292783 07-0ct-15 (No, 217-02222) In hoisss check:; Oct16

Power sarsar HP 84814 SMN: MYA1082317 0701415 (Na, 217-02223) In house check: Oct- 18

AF ganacator H&S5 SMT-08 SN 100872 15-Jun-15 {In house chock Jun-15) In house check: Oct- 18

Network Anatyzer HP 8753E S LIS37380585 18-0¢1-01 (in house check Oct-15) In house check: Oct 16
Name Function Sgnature

Caibratsd by: Michanl Weabtier Latoratory Technician “ !

Apronod by: Katia Pokovic Tecnnical Manager /g %%.«

Issued: Apre 20, 2016

This calibeation cerniticate ahall not be reproduced except n full without written appeoval of the laboratary,
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Servizic svizzero di taratura

S swiss Calibration Service

Accredited by 1he Swiss Accreditabion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) 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

¢) 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:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ t MHz
Head TSL parameters
The toliowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286 % 1.83 mho/m =6 %
Head TSL temperature change during test <05C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whg
SAA for nominal Head TSL parameters normalized 10 TW 50.6 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 589 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominai Body TSL. parameters 220"C 527 1.95 mho/m
Measured Body TSL parameters (22.0+02)°C 527x6% 1.98 mho/m £ 6 %
Body TSL temperature change during test <05°C - .-
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.4 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wig
SAR for nominal Body TSL parameters normalized to TW 23.0 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38)Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.004+591Q
Return Loss -24.5d8B

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1162 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 made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second arm of the dipole, The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when 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 axcessive force must be applled to the dipole arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
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DASYS5 Validation Report for Head TSL

F'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: f= 2450 MHz; 6 = 1.83 S/m; & = 40; p = 1000 kg/m’®
Phantom section: Flat Section

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

DASY52 Configuration:

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

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

DASYS2 52.8.8(1258); SEMCAD X 14.6.1(0(7372)

Date: 19.04.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Mecasurement grid: dx=5mm, dy=5Smm, dz=5Smm
Reference Value = 112.4 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 25.6 W/kg

SAR(1 g) = 12.7 W/kg; SAR(10 g) =5.89 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-5.00

-10.00

-15.00

-20.00

-25.00

0dB =207 Wikg = 13.16 dBW/kg
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Impedance Measurement Plot for Head TSL

13 Apr 201E 10:23:92
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 963

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

Medium parumeters used: = 2450 MHz; o = 1.98 S/m; &, =52.7; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
« Sensor-Surface: 1, 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

« DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

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

Peak SAR (extrapolated) = 24.7 Wikg

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

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

-5.00
-10.00
-15.00

-20.00

-25.00

0dB = 20,0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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591990 33457 pM 2 450,00@ 0806 MHx
\
ars \
Y5 -
{ - 4
\ /

CH2 Sit L0 5 4B/ REF - - . 1:-24,525 d8 2 450,800 B30 MMz
+ 4 4 4 4 4 + +
oel 4 4 + ' + 4 4 4
4 4 ‘ + ' 1 e ———
Ca e e | ! "
M, St S . 4 4 — ¢ -
~— ’/’
— S—
L
4 4 4 73 | i 4 4
';‘;‘_- 4 4 "x. - A 4 " 4
o= 4 - - + —. - -
Hid " i + . + 4 4 4

START 2 250,000 800 MHz

Certificate No: D2450V2-985_Apr16

GTOF 2 F5.000 680 MHz

PageBol 8

F-TP22-03 (Rev.00)

238 /262

HCT CO., LTD



ICT

FCC ID: ZNFH990

Report No: HCT-A-1608-F001-2

HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner —
Engineering AG %
Zeughausstrasse gs. 8004 Zurich, Switzertand Nt

4;/ A
Piliglae

Accrodited by the Swiss Accredilation Service (SAS)
The Swias Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbratien cerfificates

ctiem  HCT (Dymstec)

Schweizerischer Kalibrierdienst

Servizio svizzero dl taratura

S
c Service suisse d'étalonnage
S Swiss Catibration Service

Accraditstion No.: SCS 0108

Centificate No: D2600V2-1106_Feb16

CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1106
Caltiraton procedure(s) QA CAL-05.v8

Caltyration date: February 18, 2016

Calration Equipment used (METE crilical lor calibention)

Calibration procedure for dipole validation kits above 700 MHz

This calbration cerlilicate doclments the traceabiity to national standards, wiich realize the physical unts of measuraments {S1),
The measirements and the uncerdanties with confidence protatiity are gven an the Sollowing pages and are pan of the cantificate

All cadbrations have boen conducted In the cioced laboratory facility: anvwonment lemperalire (22 + 3°C and humidity < 70%

Primary Standards D2 Cal Date (Cenificats No,) Soheduled Callbration

Powar meter EPM-442A GBI7480704 07-0ct-15 (No. 217-02222) Oct-16

Power sensar HP B481A US37292783 07-0ct-15 (No. 217-02222) Car-16

Power sonsor HP B481A MY41092317 07-0ct-15 (No. 217-02223) Oct-16

Refarence 20 48 Attenuator SN: 5058 {20k) O1-Apr-15 (No. 217-02131) Mur-18

Typa-N msmatch combination SN: 50472/ 06227 01-Apr-15 (No. 217-02134) Mas-16

Refarmnce Probs EX3DV4 SN: 7349 31-Dec-15 (N, EX3-7328 Dec1s) Dec-16

DAE4 SN: 601 30-Dec 15 (No. DAEL.S01_Dects) Dec-16

Sacondary Siandards 0 Check Date (in house) o Schaculsd Chack

RF generator RAS SMT-06 100872 15-Jun-15 (in house check Jun-15) in house check: Jun-18

Network Analyzer HP 8753€ US37390685 54206 18-0c101 (in houso check Oct-15) In house checl: Oct-16
Name Function S re

Calitwated by Clauda Laubler Labaratary Tachnician

Approved by Katja fokovic Technical Manager

Issuod: Fabruary 18, 2046

This callbration cartificate shal not be reproduced axcept in full wehout weithan approval of the laboratory.
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Calibration Laboratory of

Schmid & Partner S mzmm:ﬂ “
Engineering AG C ' Servirio svtessrs o tacatira

Zoughsusstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accrediied by he Swiss Accradéation Service (SAS) Accreditation No.: SCS 0108

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

Multitateral Agr for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

e 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 paramelers: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nomina! Head TSL parameters 220°C 390 1.96 mha/m
Measured Head TSL parameters (220+£0.2)C 381 6% 2.01 mhoim =6 %
Head TSL temperature change during test <054C - —
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SARA measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized 1o TW 55.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL candition
SAR measured 250 mW input power 618 Wikg
SAR for nominal Head TSL parameters normakized o 1W 24,5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (22.0+0.2)°C 525+6% 218 mhom =6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Contition
SAR measured 250 mW Input power 13.4 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW input power 5,94 Wikg
SAR for nominal Bedy TSL parameters notmalized to 1W 23.7 Wikg = 16,5 % (k=2)
Certificate No: D2800V2-1106_Feb16 Page 3 ofB
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed poim 49540-7310
Return Loss -227dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 44B0Q-60 0

Return Loss -215d8

General Antenna Parameters and Design

lEioctrical Dalay (one direction) I 1.150ns I

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

The dipole 15 made of standard semirigid coaxial cable. The center conductar of the feeding line is diractly connected to the
sacond arm of the dipole. The antenna is therefore shon-circuited for DC-gsignals. On some of the dipoles, small end caps
are added to the dipole amms in order to improve matching when loaded according to the pesition as explained in the
‘Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 18, 2015
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DASYS Validation Report for Head TSL

Date; 18.02.2016
Test Laborntory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: { = 2600 MHz: 6 = 2.01 S/m; & = 38.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49): Calibrated: 31,12.2015:
« Sensor-Surface: | Amm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601: Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

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

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

Reference Value = 113.4 V/im: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 29.4 Wrkg

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

Maximum value of SAR (measured) = 23.1 Wikg

-4.89
-9.77
-14.66

-19.54

-24.43

0dB =231 W/keg = 13.64 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.02.2016
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

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

Medium parameters used: f = 2600 MHz: 6 = 2.18 S/m; &= 52.5; p = 1000 kiymx
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12,2015;
« Sensor-Surface: [ 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (back), Type: QDOOOPS0AA; Serial: 1002

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

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

Reference Value = 104,1 V/m: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(I g) = 13.4 W/kg: SAR(10 g) = 5,94 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

dB
0

-4.82
-9.64
-14.46

-19.28

-24.10

0dB =21.2 Wikg = 13.26 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Sarvica (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Accreditation No.: SCS 0108

ciient  HCT (Dymstec) Cartificate No: DSGHZzV2-1107 Jan16
CALIBRATION CERTIFICATE
Objact D5GHzV2 - SN: 1107
Caltiration procedurals) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Calibration date: January 29, 2016

This calbration cerlificale documents the traceabiity 1o naticnal standards, which realize the physical units of measurements {S1)
The measurements and the uncartnties with canfidence probabiRy ase given an the following pages and are part of the certificate,

A calibeations have been conducted in the closed laboratory faciity: environmant temperstus (22 « 3)'C and humidity < 70%.
Calitvation Equipment usod (M TE crtical far cafibration)

Primary Standards D8

Cu! Dale (Cenifi No.) Schedulad Calibration
Powar meter EPM-442A GB37480704 07-0ct-15 (No. 217-02222) Oct-16
Power sensar HP B4BTA US37202783 07-0ct-15 (No. 217-02222) Oct-16
Fowear sensor HP BABTA MY41082317 07-0ct-15 (No. 217-02223) Oct-16
Relerence 20 dB Attenuator SN: 5058 {20k) 01-Apr-15 (No, 217-02131) Mar-16
Type-N mismaich combination SN: 5047.2 / 06327 O1-Ape-15 (No. 217-02134) Mar-16
Aeferance Proba EX30V4 SN 3509 31-Dec-15 (No. EX23503 Dect5) Dec-16
DAES SN 80t 30-0ac-15 (No. DAE4-&IY_Dac15) Dec-16
Sacondary Standards lID¥ Check Date (in house) Schaduled Chack
AF generator H&S SMT-06 100972 15-Jun-15 (in heuse check Jun-15) In house chack: Jun-18
Network Anatyzer HP 87538 US37390585 S4X06 168-0¢t-01 (in hause check Oct-15) In house check: Oct-18
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughsusstrasse 43, 8004 Zurich, Switzerland

S  Schwelzerischer Kalibrierdienst
c Service suisse d'étalonnage
s Servizio svizzero di taraturs

Swiss Callbration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Ag t for the gnition of calibestion certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-2, "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

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.

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

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

e SAHA 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 Modular Flat Phantorn V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy=4.0mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz = 1 MHz

Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied,

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 4.71 mho/m

Measured Head TSL parameters (220+£02)°C 352£6% 455 mha/m + 6 %

Head TSL temperature change during test <05°C o e
SAR result with Head TSL at 5250 MHz

SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.82 Wikg

SAH for nomanal Head TSL parameters normalized to 1W 77.8 Wikg = 19.9 % (k=2)

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

SAA measured 100 mW input powear 224 Whg

SAR for nominal Head TSL parameters normalized to 1W 22.2 Wikg = 19.5 % (k=2)
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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 parametors (220+02)°C NT=26% 4.90 mho/m + 6 %
Head TSL temperature change during test <05°C -

SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.10 Wikg
SAR tor nominal Head TSL parameters normalized to 1W 80.5W / kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 233 Wikyg

SAR for nominal Head TSL parameters

nommalized to 1W

23.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

Tha following parameters and calculations were applied.

Tomperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0+0.2) °C 345+6% 5,05 mho/m =6 %
Head TSL temperature change during test <05"C e e

SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 773 Wikg
SAR for nominal Head TSL parameters normabized to 1W 76.8 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 1o 1W 21.9 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied

Temperature Parmittivity Conductivity

Nominal Body TSL parameters 220°C 48.9 5.36 mho/m

Measured Body TSL parameters (220+02)"C 47046 % 544 mho/m + 6 %

Body TSL temperature change during test <05*C - —
SAR result with Body TSL at 5250 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.46 Wikg

SAR for nominal Body TSL parameters normalized to 1W 74.0 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 211 Wiy

SAR for nominal Body TSL parameters normalized to 1W 20.9 Wkg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 435 5.77 mho/m

Measured Body TSL parameters (220=202)°C 464 26% 5.91 mho/m + 6 %

Body TSL temperature change during test <05°'C — vee
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em® (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.95 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 78.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL coendition

SAR measured 100 mW input power 2.24 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.2 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5750 MHz
The following parameters and calkculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 483 5,94 mho/m

Measured Body TSL parameters (220202)°C 4B6.1:6% 6.12 mha/m £6 %

Body TSL temperature change during test <D5°C - —
SAR result with Body TSL at 5750 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.55 Wika

SAR for nominal Body TSL parameters normalized to 1W 74.9 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 212 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.0 Wikg + 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 5520-731Q

Return Loss -215d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 56.9Q-02 0

Retum Loss -2514d8B
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed 10 feed point 5680+07Q

Retumn Loss -238dB
Antenna Parameters with Body TSL at 5250 MHz

Impedancs, transformed to feed point 4850Q-73)Q

Retum Loss -224d8B
Antenna Parameters with Body TSL at 5600 MHz

Impedance, ransformed to feed point 5530-39)Q

Retum Loss -241dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transfarmed to feed paint 5520-4450

Retumn Loss -238dB
General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.196 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 made of standard semirigld coaxial cable, The center conductor of the feeding ling Is directly connected to the
second amm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when loaded according 1o the position as explained in the
"Measutement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data

Manutactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 28.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: $750 MHz
Medium parumeters used: = 5250 MHz: 6 = 4.55 S/m; & = 35.2; p = 1000 kg/m* , Medium parameters
used: f = 5600 MHz: o = 4.9 S/m; .= 34.7; p = 1000 kg/m’ , Medium parameters used: f = 5750 MHz; o =
5.05 S/m; & =34.5; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe; EX3DV4 - SN3503; ConvF(5.53, 5.53. 5.53): Calibrated: 31.12.2015, ConvF(4.99, 4,99,
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95): Calibrated: 31.12.2015:

* Sensor-Surface: 1. 4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

» Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5250 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.04 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 28.7 Wikg

SAR(1 g) =7.82 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mecasurement grid; dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 71.71 V/m; Power Drift = 0.08 dB

Peak SAR (extrupoliated) = 31.8 Wikg

SAR(1 g) =8.1 W/kg: SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 69.35 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 31.7 W/kg

SAR(T p) = 7.73 W/kg; SAR(10 g) = 2.21 W/kg

Maximum value of SAR (measured) = 19.0 Wikg
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Impedance Measurement Plot for Head TSL

28 Jan 2016 17113:58
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DASYS5 Validation Report for Body TSL

Date: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz: Type: D5GHzV2; Serial: DSGHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; o = 5.44 $/m; &, = 47; p = 1000 kg/m' , Medium parameters used: [
= 5600 MHz; 0 =5.91 S/m; & = 46.4; p = 1000 kg/m* , Medium parameters used: f = 5750 MHz: 0 = 6.12
Sim; & = 46.1; p = 1000 kg/m'

Phantom section; Flat Section

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

DASYS52 Configuration:

» Probe; EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 31.12.2015, ConvF(4.35, 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015;

» Sensor-Surface: |.4mm (Mechanical Surface Detection)

= Electronics: DAE4 Sn601; Calibrated: 30,12.2015

» Phantom: Flat Phantom 5.0 (back); Type: QDDOOPSOAA; Serial: 1002
« DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Vilue = 66.57 V/m; Power Drift =-0.03 dB

Peak SAR (extrapolated) = 27.9 W/kg

SAR(] g) = 7.46 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

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 = 67.15 V/m; Power Drift = (.03 dB

Peak SAR (extrapolated) = 32.5 Wikg

SAR(1 g) =7.95 W/kg: SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.8 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64,88 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.2 W/kg

SAR(I g) = 7.55 W/kg: SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.1 Wikg
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Impedance Measurement Plot for Body TSL

29 Jan 2016 12:18:59

EFIl s14 t v re 149,461 0 -7.28920 4.1612pF 5 250,000 000 MMz
® *
¢ b
el ML Narkers
255,344 0
) N ~3.8887 4
tor \ 550000 GHz
1 w 58 235
t —‘?A— » - 4101 4
‘ 5. 705890 GHr
*
7/
Ava
16
Hid
CH2 S04 LO6 5 dB/REF -29 of
. 4 + 4 4 | | + 4
De1l : 4 4 4 4 " 4 4 4 G ek oie
. | A ! ! 4 L 4 4 4 .
Cor 21-24.054 B
L 1 | | ) 5.60900 Gz
| S T | + 4 J
— 1 " 3-23,790 4B
—_ — 5.7U00e By
! e VSN W— /?\"T“q-*fi i
——
L) ! | 2 ! : { S L
= 4 + 4 4 4 4 4 -
Hla ¢ S a— - 4 - . 4 — 4 -4
START 5 00000 300 Mir . ' STOF 6 80000 00 MHx
Cortificate No: DSGHzV2-1107_Jan16 Page 13 0f 13

F-TP22-03 (Rev.00) 259 /262 HCT CO., LTD



-~
h’a- FCC ID: ZNFH990 Report No: HCT-A-1608-F001-2

HCTCO,LTD

Attachment 5.— SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 2 450 -2 700 5200 - 5 800
Tissue Type Head | Body | Head Body Head Body Head Body Head Body
Water 41.1 51.7 | 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 14 0.9 145 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 | 47.2 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol i ) i i
hexyl ether
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

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

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

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

Dlelectnc Parameters CW Validation Modulation Validation
Calibration | Dipole Date Measured Measured Probe | Probe | MOD. Duty
Point Sensitivity
Permlttlwty Conductiv Linearitylsotropy| Type Factor

2 1609 |[ET3DV6 | Head | 750 | 1014 | 2016.04.04 41.7 0.91 PASS | PASS | PASS | N/A

2 1609 |[ET3DV6 | Body | 750 | 1014 | 2016.04.05 55.3 0.96 PASS | PASS | PASS | N/A | N/A | N/A
2 1609 |ET3DV6 | Head | 835 | 4d165 | 2016.04.04 41.6 0.92 PASS | PASS | PASS |GMSK|PASS| N/A
2 1609 |ET3DV6 | Head | 835 | 4d165 | 2016.04.04 41.6 0.92 PASS | PASS | PASS | N/A | N/A | N/A
2 1609 |ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS | PASS | PASS |GMSK|PASS| N/A
2 1609 |[ET3DV6 | Body | 835 | 4d165 | 2016.04.05 55.4 0.96 PASS | PASS | PASS | N/A | N/A | N/A
9 3968 |EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |GMSK|PASS| N/A
9 3968 |EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 |EX3DV4 | Body {1800| 2d006 | 2016.02.08 53.1 15 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |[EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 141 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |[EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 141 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 |[EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 |[EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS | PASS | PASS | N/A | N/A | N/A
5 3903 |[EX3DV4 | Head (2450 965 |2016.05.02 39.1 1.78 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |[EX3DV4 | Body (2450 965 |2016.05.03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |[EX3DV4 | Head [2600| 1106 |2016.03.07 39.2 1.94 PASS | PASS | PASS| NA | N/A | NA
5 3903 |[EX3DV4 | Head [2600| 1106 |2016.03.07 39.2 1.94 PASS | PASS | PASS | TDD |PASS| NA
5 3903 |[EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 212 PASS | PASS | PASS | NA | N/A | NA
5 3903 |[EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 212 PASS | PASS | PASS | TDD |PASS| NA
5 3903 |[EX3DV4 | Head [5250| 1107 |2016.02.10 36.2 4.77 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |[EX3DV4 | Head [5600| 1107 |2016.02.10 35.7 5.02 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |EX3DV4 | Head |5750| 1107 |2016.02.10 35.1 5.18 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |EX3DV4 | Body |5250| 1107 | 2016.02.11 48.3 54 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |EX3DV4 | Body |5600| 1107 | 2016.02.11 47.9 5.83 PASS | PASS | PASS |OFDM| N/A |PASS
5 3903 |EX3DV4 | Body |5750| 1107 | 2016.02.11 48.1 5.99 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g
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Probe Dielectric Parameters CW Validation Modulation Validation
Calibration | Dipole Date Measured Measured | Probe Probe MOD.| Duty
Point o . .. Sensitivity . )
Permittivity Conductivity Linearitylsotropy Type |Factor
5 3903 [EX3DV4 | Body |5250| 1107 | 2016.02.11 48.3 5.4 PASS PASS | PASS |OFDM| N/A |PASS
5 3903 |EX3DV4 | Body (5600 1107 |2016.02.11 47.9 5.83 PASS | PASS | PASS [OFDM| N/A |PASS
5 3903 |EX3DV4 | Body (5750| 1107 |2016.02.11 48.1 5.99 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 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,

such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
D01v01r04.
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