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This caibention cemificals documants the traceabiity (o national standacds, which realize the physical units of measwremonts (81)
Trw el the with conly protaddity are gven on the foflowng pages sod ore et of tha cenificste.

Al catbra hitver baen conducsad In the closed laborsiony lecilly: srvironment temperaturs (22 £ 3)°C and bumidity < 70%

Cadbeation Equpment used (MATE orifical for caltration)

Prenary St 0 Cai Date {Certificate No ) Schecued Cal

Power meter E42108 OB4 1203874 01-Apr-18 (No 21702128) Mar- 16

Power sensor E4412A MY43495067 01-Apr-15 (No. 217-02128) Mar-16

Ref SdBA SN 55054 (3¢) 01-Apr-18 (No. 217-02126) Mar-16

Raok 20 dB Atsenusior SN: SS277 (200 D1-Apr-15 (No_ 217-02132) Mar-16

R 30 d8 A SN: 5126 (300) 01-Apr-15 (No. 217-02133) Mar-16

Raof Probe ESIOV2 SN 3018 30-Dec-14 (No. ES3-3013_Dectd) Owc-15

DAE4 Sh 880 14-Jor-15 (No. DAE4-660_Jan15) Jon-16

Secondory Standardy 0 Chech D {inhouse) | Scheduled Check

RF MHP BBAsC USIS420404 700 4-ALg-09 (In house check Apr-13) In houss chuck Apr-16 ‘

Notweek Anatyzor HP B753E US37300885 18-Oet-01 (in house check Oct-15) In house check: Oct-16
Function

Cadbrated by ’

Approved by

Issued: December 14, 2016

Thin caliboaton certfcate ahal not be reproduced except In full wehout wrinien approval of the latoratory.
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT CO,LTD

Calibration Laboratory of ST o e o

Schmid & Partner % g m.....wx:.....
Engineering AG = Servizio svizzero o taraturs

Zeughausstrasse 43, 8004 Zurich, Switzerland £ ‘@y}? S Swiss Calibration Servicy

Accredaud by 1he Swiss Accredaation Service (SAS) Accraditation No.: SCS 0108

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

Multilateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMX,y.x sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

oce dinde compression point

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

ABCD modulation dependent linearization parameters

Polarization ¢ » rotation around probe axis

Polarization 9 8 rotation around an axis that is in the plane narmal to probe axis (at measurament canter),

e, 8 =0is normal to probe axis
Connector Angla information used in DASY system to align probe sensor X 10 the robot coordinate sysiem

Calibration is Performed According to the Following Standards:

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

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

o) 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 Measuremant Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters;

» NORMx.y. 2 Assessed for E-field polarization 8 = 0 (f < 500 MHz in TEM-cell; T > 1800 MHz R22wavegulda)
NORMx,y,z are only intermediate values, i.e.. the uncerainties of NORMx.y,z does not affect the E*-field
unceriainty inside TSL {sea below ConvF).

*  NORM(flxy.z = NORMXx.y.z * frequency_responss (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

* DCPxy.z: DCP are numerical lineanzation paramelers assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

* PAR: PAR is the Peak 1o Average Ratio that is not calibrated but determined based on the signal
charactenistics

o Axyz Bryz Cxyz Dxyz VRxyz A B C, Dare numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical fiekd 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 1o the boundary. The sensitivity in TSL corresponds
0 NORMx,y,z * Convi wheraby the uncertainty corresponds to that given for Convi. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz 1o £ 100
MHz

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

« Sensar Offset: The sensor offsat corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

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

FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

EXJ0OVA- SN:3067

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

Basic Calibration Parameters

Docember 16, 2015

Sensor X Sensor Y Sensor Z . Unc (k=2)
Norm M/‘g(vnnf)‘ 0.54 0.38 0.48 | 2101 %
DCP (mV) 101.3 97.8 101.0
Modulation Calibration Parameters
uiD Communication System Name A ) c ) VR Unc-
. de 4BVuV d8 mv (k=2)
0 cW x| 00 | o0 | 77{6'”: 0.00 1450 | =:35%
'y | o0 00 | 10 1437
2 0.0 00 1.0 1382

multipl

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

* The urcanaintes of Nomm X Y.Z do not aftect the £"-Ssid uncanainty inside TSL (5ue Pages 5 and §)
¥ Numerica linearization parameter: uncertamty not requred
L Urcertamty = determined using the max. deviaton from Snear response apptying rectanguiar astriiution and & expressed for the sguane of the

field value
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‘—"C'- FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LLTD

EX3DV4- SN:3067 December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz) © rﬁ%' “W ConvFX | ConvFY | ConwFZ | Alpha® m‘ (?-';)
750 419 0.89 1027 | 1027 | 1027 | 021 | 139 | s+120%
835 415 0.90 987 | o987 | 987 | 020 | 138 | 2120%
900 415 097 970 | 970 | 970 | 025 | 115 | s120%
1450 405 1,20 819 | 819 | 819 | 020 | 082 | s120%
1750 401 1.37 830 | B3s | 839 | 025 | os8 | s120%
1900 40.0 1.40 a1 B.11 an 0.39 0.80 £120%
1950 40.0 140 790 | 700 | 780 | 038 | oss | s120%
2300 385 167 2723 | 773 | 173 | 037 | o084 | 2120%
2450 392 1.80 742 | 742 | 742 | 040 | 080 | £120%
2600 39.0 1.96 7.17 7.17 J, 717 0.41 0.83 £120%
3500 379 2.91 769 | 769 | 769 | 094 | 063 | £131%
5200 36.0 466 537 537 | 537 | 035 | 180 | £131%
5300 359 476 504 | so4 | 504 | 040 | 180 | s131%
5500 356 496 487 | 487 | 487 | 045 | 180 | +131%
5600 355 5.07 465 | 485 | 485 | 0pso | 180 | £131%
5800 353 5.27 460 | 460 | 468 | 050 | 180 | £131%

 Frequancy validity above 300 MHz of = 100 MHz only applies lor DASY vd 4 wnd higher (swe Page 2), oise & s restricted to 4 50 MMz, The
uncortainty i the RSS of the Comd uncentainty i calbention frequency and the uncartanty for the indicatod frequency band. Frequency validty
bedow 300 MMz is £ 10, 25, 40, 50 and 70 Miz for CanvF asseasments at 30, 64, 128 150 and 220 MHz respectively. Above 5§ GHe frequency
Mmmwm 190 MHz

" Al requencies dolow § Gz, the valdity of tssus parameters (x and o) can be relaxed 10 = 10% It hquid compensation farmula is applied 1o
measured SAR values. Al bequencies above 3 GHZ. the volidity of tssus parameters (e and o) & restricted to + 5% The uncertacty s the RSS of
v Convi uncertenty for indicated target basue parameters

7 AlphaDepth are detmined during caliration. SPEAG warrants that the remaning deviation due 1o the boundary effact after o
mhumn:mumm3mmmznummum;-wumwmmmnmmw
dameter from the boundary,

Centificats No. EX3-3967_Dec15 Page 5af 11
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX3DVA- SN.3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Slmuhtlng Media

Relative Conductivity | Depth * Unc
1(MH2)® | Permittivity" {&m)" ConvFX | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 55.5 0.96 9.92 982 292 0.22 141 £120%
835 56.2 0.97 976 9.78 876 0.24 128 | £120%
1750 53.4 1.48 8.04 8.04 8,04 040 085 | +120%
1500 53.9 1.52 7.95 7.95 7.95 0.35 092 | +120%
2450 52.7 1.85 7.31 7.31 7.1 0.40 086 | +120%
2600 52.6 216 7.19 719 7.18 0.25 1.05 | $120%
3500 513 an 686 6.86 6.86 0.36 114 | 2131 %
5200 49.0 530 432 432 432 0.55 190 | £131%
5300 489 542 423 423 423 0.55 190 | +131%
5500 488 5.85 3.80 3.80 3.80 0.60 1.90 | £131%
5600 485 577 370 3.70 3.70 0.80 180 | £131%
5800 482 6.00 3.82 3.82 3.82 0.60 190 | +131%

‘mecyumm-:ooumuu:1wmwmmwucmm(umn mmm—uw:mm ™e
uncertainty is the RSS of the Core® unocortanty at calibration frog y #nd the y for the inc ¥ band Frogquency validity
Delow 300 MMz &5 ¢ 10, 25, 40, 50 and 70 Mz for ConvF assessments at 30, 64, 128 vsomzmwmm Above § GHs frequency
vality can be axtended 10 £ 110 MHz.

" At frequencies below 3 GHz. the validity of Sssue parameters (e and «) can e relaned to ¢ 10% # igud compensaton foomuta & spplied to
messured SAR values. Al requencieg above 3 GHz. 1he volcity of tissue pacamatans (¢« and o) W restricied 1o = 5% The uncertainty is the RSS of
1"Cmﬁwmnm1hnmwmmu-

= AphalDepth are \ SPEAS warrants that the remaining deviation Gue 1o the boundary effect after compensabon o
alwayu lgsa than 2 ubhwwacﬂ.xﬂm 2% for frequencies between 3.8 GHz ol sy distance laeger than hall the probe tip
diameter from the boundary
Cartificate No. EX3.3867 _Dec1s Page 6of 11
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HCTCO,LTD

FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

EX3DVa- SN.3967

Frequency Response of E-Field

cy response (normalized

Frequen

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

Cortificato No: EX3-3967_Dec15

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

Dacember 16, 2015
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX3DV4.- SN29E7 December 10, 2018

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)

Canificate No: EX3-3857 Dacth Page 8 of 11
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX3DV4- SN:3967 December 18, 2015

Dynamic Range f(SAR}¢ad)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,LTD

FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

EX3DV4- SN:3967

= 835 MMz, WGLS RS (H_com)

December 16, 2015

Conversion Factor Assessment

f= 1800 MHz WGLS R22 (H_convf)

g wi
'k‘ S . :«[ - " - - » L ] ';;. " "e-“ A ;:l‘ S o
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
1.0
08
08
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& 52
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o

-1.0

08 08 04 <02
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

00 02 04 068 08 10

Certificate No; £EX3-3967 Dects
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX3DV4- SNIGET Decombear 16, 2015

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

Other Probe Parameters

[ Sensar Arrangament “Triangular
“Connector Angle (") - -20.6
Mechanical Surface Delection Mode | enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm |
Probe Body Diameter - 10 mm |
| Tip Length i T amm |
Tip Dismeter 25mm |
Probe Tip to Sensor X Calibration Point 1mm |
Probe Tip to Sensor Y Calibration Point Tmm |
Probe Tip to Sensor Z Calibration Point 1mm |
"Recommended Measurement Distance from Surface = 1.4mm
Certibioste No. EX3-3967_Dec15 Page 11 of 11
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

Accradited by the Swas Accreditation Seryice (SAS)
Tha Swins Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of callbration cenificates

HCTCOLLTD
Calibration Laboratory of A it S
Schmid & Partner = .\ g Service sulsse Cétalonnage
Engineering AG T Servizio svizzero di tarstura
Zeughausstrasse &3, 1004 Zurich, Switzerland %‘ﬁ\\f - 8 outse Calration Service

Accreditation No.: SCS 0108

Tha cattration certficate docurments the iracoabiity to nabonal standercs. which reaitze the physical units of moasurements (S1)
The meassurements and the uncertanties with confidence probabiily sre gven on the fofiowng pages end we part of the cerificate.

This calibration certificate shall not be rep

AN Gty have boen conducted m the cloaed y faciity. (22 = 3)°C and humity < TO%.
Calibration Eqgupmarns usied (MATE critical for aridation)

Primary Standards o Cal Datn (Certificatn No ) Schedulet Calration
Power mates EA4168 Ga41293874 O1-Ape-19 (No. 217.02128) Mar-18

Power neror E44124 MY41498087 01-Apr-18 (No. 217-02128) Mar-18

Relerencs 3 3B Atteruator SN. 55064 (3] 01-Ape-18 (No. 217.02129) Mar-18

Rutarerca 20 B Anenuator BN 85277 (20x) 01-Apr-15 (No. 217-02132) Mar-18

Referencs 30 ¢B Arenuaior SN: 55128 {30v) 01 Ape-14 (No. 217-02530) Mar- 18

Raferenos Probe ES30VY SN 3013 30.Doc-14 (No E53-3013_Dectd) Dec-15

DAE4 SN. 650 14Jen-15 (No. DAE4S-860_Jan15) Jan- 18

Secondary Sunaams 0 Check Cate (in house) Scheduled Check
|_RF generaliy HP 86480 USI622001700 4-Aug-99 (n house check Apr-13) In house check: Agr-16
Network Anatyzer HP 8753E US3ITIN0585 13.0c.01 (in house chock Oct-15) in house check: Oct-16

Fuanction
. - e
Approved by

d excapt in Wl without weitien appeoval of the laborutory.

Centificate No. EX3-3797_Nov15
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT COLLTD

Calibration Laboratory of KT ok ohet Rl

Schmid & Partner N g Sarvice sulsse d'otalonnage
Engineering AG = Servizio avizzero di taratura

Zeughausstrasse 41, 8008 Zurich, Switzertand \Qﬁw\;‘ S Swiss Calivation Service

Accraciied by he Swiss Accreditation Servics (SAS) Accroditation No.: SCS 0108

The Swiss Accroditation Servics ks one of the signatories to the EA

Multilateral Agreement for the recognition of calibration cenificates

Glossary:

TSL tssue simulating liquid

NORMXx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx y.z

pce diode compression point

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

AB.C.D modulation dependent linearization parameters

Polarization o ¢ rotation around probe axis

Polarization 5 & rotation around an axis that is in the plane normal 1o probe axis (al measurement center),

Lo, 5 =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:

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

b) [|EC 622091, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held devices usad In close
prosdmity to the sar (frequency range of 300 MHz2 to 3 GHz)", February 2005

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

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

Mothods Applied and Interpretation of Parameters:
NORMy,y,z: Assessed for E-field poiarization § = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intermediate values, .., 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 Response Chart). This linearization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the frequency response is Included
in the stated uncertainty of ConvF.

o DCPx,y.z: DCP are numeancal 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 datermined based on the signal
characteristics

o Axy.z Bry.z Cxy.z Dxyz VRxy.z. A B, C, D are numerical linearization parameters assessed based on
the data of power sweep Jor specific modulation signal. The parameters do not depend on frequency noe
media. VR 15 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
measuremants for | > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency
ConvF is usad in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz

« Sphencal isotropy (30 deviation from isofropy): i & field of low gradients realized using a flat phantom
exposed by a patch antenna.

« Sensor Offsef; The sensor offset comesponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

* Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncenainty required)

Centificate No. EX3-3767_Novis Page 2 of 11
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD
EX30V4 - SN:3797 November 24, 2015
Manufactured:  April 5, 2011
Calibrated: November 24, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASYZ2 system!)
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX30V4- SN3T0T November 24, 2015

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

rBaslt: Calibration Parameters

| Sensor X Sensor Y | Sensor Z Une (k=2)
| Nomm (uVi(vim)’)" 0.62 0.58 ‘ 056 +10.1 %
[ DCP (mV)" 99.5 7.0 | 98.4

Modulatipn Calibration Parameters

uio c Y Name A B c [+ VR Unc®
I dB8 | dBVuv dB mv (=2)
0 W x| oo 00 | 10 | 000 | 75 | 25%
Y 0.0 0.0 1.0 1769
Z 0.0 0.0 1.0 1718 | i)
The ed uncertainty of measurement is stated as the standard uncertainty of measurement

mulitiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage
probability of approximately 95%

* The urcertarties of Nom XY Z do not sfect ihe £ field uncertainty inside TSL [see Pages 5 and 8)
" Numenca linearization parametsr: uncerainty not regured

* Uncatamty & determined using 1o max. Soviation from Anear responss ROpIING rectanguiar dalrbunion and & expressed for the sguare of the
fl s v
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HCTCO,LLTD

FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

EX3DV4- SN3797

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

Calibration Parameter Determined in Head Tissue Simulating Media

November 24, 2015

£ (MHz)© ».'.m_x,' °°'¢"’u“.$"""’ ConvE X | ConwFY | ConvFZ | Alpha® n(.-::) (2-";1
750 419 0.89 9.38 9.38 9.38 032 | 096 | £120%
835 415 0.80 8.98 8.98 8.98 0.16 178 | $120%
800 415 097 8.88 888 .86 0.21 153 | £120%
1450 40.5 1.20 773 7.73 7.73 0.15 177 | £120%
1750 40.1 1.37 7.85 7.85 7.85 035 | 080 | £120%
1900 40.0 1,40 761 7,61 7.61 0.34 080 | £120%
1950 40.0 1.40 7.32 7.32 7.32 030 | 083 | 2120%
2300 395 1.67 721 727 7.27 039 | 085 | £120%
2450 392 1.80 6.90 6.90 8.90 040 | 080 | £120%
2600 39.0 1.96 6.68 6.68 8.68 046 | 080 | £120%
3500 378 291 6.61 6.61 661 039 | 0989 | £131%
5200 36.0 4.66 4.80 4.80 4.80 0.40 180 | 2131%
5300 359 476 4.59 4.59 4.59 0.40 180 | £131%
5500 356 4.96 452 452 452 0.45 180 | 2131 %
5800 35.5 5.07 4.2 421 421 0.50 180 | £131%
5800 35.3 5.27 4.20 420 4.20 0.50 180 | £131%

©

uncertainty is e RSS of the Com® uncenainty st

calibeation fre Frequency validty
bolow 300 MHz & £ 10, 25 40. SONWWMCommenw 64, 129 tmmmummm Amscmhmm
vehdity can be exinoded 1o £ 110 MHz
" At frequancies bolow 3 GHz. the vaildity of thsue pacametacs {u and o) can be relaxed 10 = 10% I lquid cor
measured SAR values Al froguencies abave 3 GHz, the valeity of lissoe parameters (¢ and o) = restrcied 1o + 5% mmwomussa

y Wl e

the ConvF uncentainty for indicated target tissue parametors.

* Alpha/tlepth are dotermined during calration. SPEAG warrants that (he remaining devialion due fo the bounciry sMect afer
Jess than £ 1% for bequencies below 3 OHz and bekiw £ 2% for fraquancien between 36 GHZ at any distance larger than half the probe bp
Dourdury

ahways
diamater fram e

mmmmwuag!oomummmmsvuawnwtmpmz) mn-mmzwmm
y for the

Certificate No: EX3-3797_Nov1s

Page Sof 11

F-TP22-03 (Rev.00)

131 /199

HCT CO., LTD



CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

EX30V4.- 8N-3797 Novernbor 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative g Coaduw'my l Z Depth Unc

f(MH2)* | Parmittivity (S/m) ConvF X | ConvFY | ConvFZ | Alpha (mm) (k=2)
750 55.5 0.96 9.39 9.39 9.39 0.29 1.16 £120%
835 §5.2 0.97 9.17 9.17 817 0.32 1.09 £120%
1750 534 1.49 7.52 7.52 7.52 l 042 0.80 £120%
1900 533 1.52 7.32 7.32 7.32 0.31 0.97 £120%
2450 52.7 1.85 691 6.91 6.01 I 0.34 0.85 +120%
2600 52.5 216 6.75 6.75 675 | 0.16 0.29 +£120%
5200 49.0 5,30 4.24 4.24 4.24 0.50 1.90 +131%
5300 489 542 407 4.07 4.07 0.50 1.90 +13.1%
| 5500 | = 4B® 585 3.80 3.80 3.80 0.55 1.90 +131%
5600 485 577 3.54 3.54 3.54 0.60 1.90 +131%
5800 48.2 6.00 3.84 3.84 3.84 060 | 190 +13.1%

Fmvﬁnymwm:ds!MMMMbDASV“dmmtm?ml).obumnmlo'SDMTho
uncataty i the RSS of the ConyF uncertainty w1 caldacion fraguency and the y for the § y band Frequency validity
Dedow 300 MHZ 18 £ 10 25, 40, 50 and 70 MHz for ConvF assessmeants at 20, 6& 128 mmmwzr.mmv Above & GHz frequency
uumymoommmxnoum

A Iraquencies below 3 GHz (ha vakdty of lissue parameaters (= and @) can be imiased 10 1 10% If liguid compensation fommila is appled 1o

measured SAR vakies, Al freguencies above 3 GHe. the validity of Ssaue si{condoiis 0 £ 5%. The uncenainty is the RSS of
N&Mmmhnm!mmmm
" Alpha/Depth are deternined durng calibration. SPEAG that the ’ Saviaton Cue 1o e boundary effect afler ation »

mvnmum~mwmmwm:m.wm'nwvmmmumummwmmmmcp
Sarneter from the boundary
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT CO,LTD
EX3DV4- SN.3797 November 24, 20156
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveqguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO,LTD

EXIOV4- SN

November 24, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
“ . . . - - -
5
PGS e e
i

3 Rot [*]

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

EX3IDVA- SNAT97

V]

Input Sgnal [

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

November 24, 2015

10% ¢
w
.
L
0 iy
D T
el
.
¥
10 gt
L
»
o
10 il
.
v
» 1
”
10
»
0
-
10 10 10! 10 10 10 o
SAR [mWiem3)
. e
ot compensated compensated
i<
o ”‘--Q.H.t..no-o-..._r:"
e ’ %
"
107 102 led 1@ "o 102 (]
SAR [mW/om3]
] .l
AOE COMPensaiag compensatnc

Cerlificale No: EX3.3797

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

EX3DV4- SN:3797

=835 MH2. WGLS R9 (H_convF)

November 24, 2015

Conversion Factor Assessment
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

f = 1900 MHz WGLS R22 (H_convF)

Cartificate No: EX3-3797_Novis Page 10 of 11

F-TP22-03 (Rev.00)

136 /199

HCT CO., LTD



=
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HCTCO,LTD

EX3DV4- SN3797 November 24, 2015

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

Other Probe Parameters

| Sensor Arrangement Triangutar |
i Connector Angle (") 67'?4'
[ Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode disabled |
| Probe Overall Length 337 mm |
| Probe Body Diameter 1 10mm |
[ Tip Length I T Omm |
[ fﬁagr;otcr 2.5mm I
Probe Tip 1o Sensor X Calibration Point 1 mm !
| Probe Tip to Sensor Y Calibrahon Point 1 mm |
' Probe Tip 1o Sensor Z Calibration Point 1 mm |
‘Recommended Measurement Distance from Surface T4mm |
Cartificate No. EX3-3797_Nov15 Page 110t 11
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FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT CO,LTD
Calibration Laboratory of W, . ’ o
Schmid & Partner S (TN 2 o cuses dusionasce
Engineering AG ; F A g Serviio svizzero d taratura
Zeughausstrasse 43, 8004 Zurich, Bwitzeriand %\,w '~ Swiss Cafibeation Service
Accrecited by 1he Swiss Ascrediaton Senvica (SAS) Aecreditation No: SCS 0108

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

This callation cerficate documents the ireceabilty 10 natonal slandards, which realze the physical wnits of me ts 1S9,
NWMNMWMMsQWMthNmMGMW.

All caltrations heve been conducted n the coasd | y facilty: t tenp {22 = 35°C and humidity < 70%.

Caktraton Equipment used (MATE crtical for calibration)

Primary Standards L% Cal Date {Cersficate No ) Scheduled Calbeation
Power meter E44198 GB41293874 Qt-Apr-15 {No. 247.02128) Mai-16
Power sansor EA412A MY41466087 01-Apr-18 (No. 217-02128) Mar-16
Refarance 3 08 Attenssior SN. 55054 (3¢) Ot-Apt-15 (No. 217-02129) Mar-18
Reterance 20 08 Aftenustor | SN: S5277 (20%) 01-Apr-18 (No. 247.02132) Mar- 18
Redorence 30 05 Atteauator SN 55129 (365) O1.Ape 15 (No. 217.02133} Mar-16
Reference Probe ES30V2 SN 3013 30-Dec-14 (No. ES1-3013_Dec14) Dec-15
DAE4 SN 680 14-Jan. 15 (No. DAE4-660_lan15) Jan-16
Secondery Stancands ] Check Date in house) Schedules Chieck
| RF gerecator HP 86480 US3642001700 A-Aug-29 (in house chock Apr-13) In nousa chack: Ape-15
Natwork Analyzer HP 8753E US3T39058% 18.0ct.01 {in house check Cet-14) In house check: Oa-15
Cafiorated oy
Approved by

This catbeation cenficale shall not be reproduced excapt i ful without witen appeoval of the laboratory.
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‘—"C'- FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

Calibration Laboratory of S, S aiiariichec HaRbiterth

Schmid & Partner s 5 g Service suisse détalonnage
Engineering AG % Servizio svizero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand %Y /,7’,;\‘,.\-*5 S Swiss Calibration Service

Accredited by the Swiss Accraddaton Servics [SAS) Accroditation No.: SCS 0108

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

Muititateral Age for the recognition of caiibration cortificates

Glossary:

TSL tissue simulating liquid

NORMx,y.2 sensitivity in frea space

ConvF sensitivity in TSL / NORMx.y.2

DCP dioda compression point

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

ABCD modulation dependent inearization parameters

Polarization » ¢ rotation around probe axis

Polarization 3 # rotation around an axis that is in the plane normal to probe axis (8t measurement center),

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

o ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for [ < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical unceriainty values are given. These parameters are
used in DASYA software to improve probe accuracy close 1o the boundary. The sensitivity in TSL cormesponds
to NORMzx.y.2 * ConvF whereby the uncertainly corresponds to that given for ConvF, A frequency
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

o Sphenical isotropy {3D deviation from isotropy): in a field of fow gradients realized using a flat phantom
exposed by a patch antenna.

o Sensor Offsst: The sensor alfset corresponds to the offset of viriual measurement center from the probe tip
{on probe axis), No tolerance required.

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

Certificate No: ET3-1605,_Apri5 Page 2 of 11
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

ETIOVE~ SN 1605

Apal 27, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y [ Sensor £ Unc (k=2) |
Norm (uV/(Vim)*)" 149 191 1.61 2101 %
OCP (mV)" 100.4 99.7 i 100.3
Moduilation Calibration Parameters
[0 ] Communication System Name I 1T a 8 ¢ D | VR | Unc
| | | B BV B d8 mv (k=2)
0 | cw X1 00 0.0 1.0 | 000 | 1896 | 30%
; Y1 00 0.0 1.0 1784z |
| | 2 0.0 0.0 1.0 | 1777

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 uncenainties of NormX,Y.Z do oot attect the E*field urcartainty inside T5L (sae Pages 5 and §)

P
* ncerainty s determingd using the max. devialion from lineas resporse 3pplying rectangutsr Gstnidution and & expressed for the souaie of he

"N | uncertainty ol required.
Badd value
Certificate No: ET3-1605_Apr15 Page 4 of 11
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LTD

ETADVE- SN:1605 April 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth * Unct.
FIMHZ® | Permittivity” (Sim)” ConvF X | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 419 0.89 664 6,64 584 0.26 3.00 +120%
B35 41.5 0.90 6.33 6.33 6.33 0.28 3.00 $120%: |
900 415 0.97 6.14 6.14 6.14 0.31 3.00 +12.0 %
1450 40.5 1 1.20 5.37 5.37 537 0.45 2564 £120%
1750 401 1.37 5.20 5.20 5.20 0.73 215 +120%
1900 40.0 1.40 5.01 5.01 ‘. 5.01 0.80 212 £12.0%
1950 40.0 1.40 4.94 4.94 4.94 0.80 2.05 £120%
2300 395 1.67 477 477 4.77 0.80 1.88 £120%
2450 39.2 1.80 457 4.57 457 0.85 1.75 £12.0 %

‘r:wvmmmmzdssoom:oﬂywosmmvuuwmmopmn else 1 in rostricted to £ 50 Mz, The
uncurtainty is the RES of the ConviF y ol y and tha y dor the indcated frequency band. Frequency vaioty
bedow 300 Nz s = 10, 25, 40, SOWTDM&WCUNFWMM 84, 128, 150m220wuroeped-iy Above 5 GHz frequency
validity can be extended 10 + 110 Mz
¥ A frequancies below 3 GHZ, the validity of tissue parameters (& and o) can be relaxed o + 10% f fiquid comp n formwua © apphed to
meastred SAR values. Al froquencies above 3 Giz, the valdty of {ssob parameters (c 00 o) 5 restncted 1o = 6%, The uncertanty & the RSS of
wwwhmmimm

are determined during caibration. SPEAG warmants that the rémaining deviation due to the boundary effect after compensation is
shways less than £ 15 foe freguencies helow 3 GHz and helow & 2% for frequencies betwien 34 GHz at any distance targer than hall tha peobs 1ip
dameter trom the boundary.
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HCTCO,LTD

ET30V6- SN, 1605 Apri 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

f{MHz) " | Permittivity” ($im)" ConvFX | ConvFY | ConvFZ | mipha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 8.21 0.30 2.7 +12.0%
835 652 | 097 511 6.11 6.1 030 | 3.00 £120%
1750 53.4 1.49 4.6 466 4,68 0.80 2.62 + 120 %
1900 53.3 1.52 454 4.54 4,54 0.80 232 £120%
2450 52.7 1.95 4.18 4.18 4,18 0.79 1.80 £120%

£ Fraquency valoity above 300 MHz of & 100 MHZ coly applies for DASY v4.4 and higher (see Page 2), stse € s resincted to 2 SOMz The
uncertainty 15 the RS3 of the Convi® unsertainty at calibration: frequency and the uncestainty for the indicatad frequenty band; Frequency vaicity
below 300 MHz is ¢ 10, 25, 40, 50 antt 70 MHz for ConvF assessments at 30, 84 126, 150 ana 220 MHz respoctively. Above 5 GHz Irequancy
validity can be axtanced 10 = 110 MHz

¥ A1 fraquancies below 3 Gz, the validity of $33ue paramaters (£ and «) can be relsxed 10 = 102 If liquid comp formuls is sppied 10
megsured SAR values. At frequencies above 3 GHz. the validty of fissus parameters (L and o) is reairicled to ¢ 5% Tha uncenanty is the RSS of
thee o uncertninty for indicated targst issus parametars.

* Alpha/Degth are doloeminad during caltration, SPEAG warrants that the remanng devialion dus 10 the boundary effect after compersstion i
adweys 055 than + 1% for Fequencies batow 3 GHz and batow + 2% for freguencies betwesn 3-6 GHz at any dstance larger than half the probe to
damater from she bourdary

Certlicate No: E13-1605_Apr15 Page 6.of 11

F-TP22-03 (Rev.00) 143 /199 HCT CO., LTD



CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCTCO,LLTD
ET30VE- SN 1805 Apnil 27, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

15 T -

1:2;
< 134
-]
o
N
S 124
€
£ 1
8 F
g 10- w iy PO
AT
i1 =
- D94
G
< '
g oad
o 5
£ |
e 07+

!
06% - et
0.51"11»‘ l‘.,,,AllA,‘.‘!...;i.
0 900 1000 1500 2000 2500 3000
f [MHz]
R
Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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HCTCO,LLTD
ET3DVE- SN:1605 Apnit 27, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCO,LLTD
ET3DVG- SN:1605 Apnl 27, 2016
Dynamic Range f(SARjeaq)
(TEM cell , fova= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ET3DVE- SN.1605 April 27, 2015
Conversion Factor Assessment
f =835 MHz WGLS R (H_conF) 1= 1900 MHz WGLS R22 (H_conwF)
13- w.
g E A
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0o = e yob o b , lj,‘!k
o w0 x 'n - o ~ ] 1 ° " ::r 2 = kS .
T oA T 5
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
<10 08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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HCTCO,LTD

ET30VE-~ SN 1805 April 27, 2015

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

Other Probe Parameters
Sensor Arrangement Tnangular
Connector Angle (7) [ 87
“Mechanicat Surface Detection Mode T enabled
{ Optical Surface Detaction Mode T |7 disabled |
“Probe Overall Length = = 337 mm
“Probe Body Diameter — 10mm |
Tip Length ' 10 mm |
Tip Diameter - 8.8 mm
Probe Tip o Sensar X Calibration Point f 27mm
{ Probe Tip to Sensor Y Cahbration Point 27mm |
"Probe Tip to Sensor Z Calibration Point ' 2.7mm |
Recommended Measurement Distance from Surface l = 4mm |
Certificale No: ET3-1605_ApriS Page 11 of 11
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CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT CO,LTD
Calibration Laboratory of \\1\\';/’/’,, S Schwelzerischer Katibrierdienst
Schmid & Partner % c Service sulsse d'étalonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzeriand "'“*-/_\,’.“. > S Swiss Calibration Service
Accrodiind by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

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

client  HCT (Dymstec) Certificate No: D750V3-1014_Jul15

|CALIBRATION CERTIFICATE
[

Ovyect D750V3 - SN: 1014

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

Caitration date: July 23, 2015

This collbration corificate documants the traceablity to natonal standirds, which realize the physical units of maasuremants (S1)
Ths maasuremants and the uncedainties with confidence probabiity ass given on the following pages and are part of tho contificate.

All ealibrations have boen conducted In the closed labormorny taciiity. eavironment tempenstune (22 = 3)°C ard humidty < 70%

Calibration Equipmont used (MATE critical for cslibetion)

Primary Standacds L Cal Date {Certificate No ) Scheduled Catbration
Power mater EPM-442A GBJIT4B0704 07.-0ct-14 (Na. 217-02020) Oct-15
Powet sansor HP B4G1A US§7292783 070¢1-14 (N 217-02020) Oct-15
Power sensot HP BAE1A MY41092317 07-Oct-14 (No. 217-02021) Oct-15
Raferonce 20 dS Attenusiorn | BN 5058 (20) 01-Apra 18 {No. 217-02131) Mar-16
Typa N mesmatch combanation SN 5047 2/ 06327 O1-Apr-15 (No. 217-02134) Mar 16
FReteronce Probe ESIOVI SN: 3205 30-Doo-14 (No. ES3-3205_Dactd) Dec-15
DAE4 SN 6 18-Aug-14 (No. DAES-801_Augi4} Aug-15
Secondary Standards 10 * Chock Date (in house) Scheduled Check
AF generstor RS SMT-06 100005 02-Aug-99 (in house check Oct-13} In house checx; Oct-18
Naotwork Analyzes H® 6753E US3ITI0585 S4206 18-0ct-01 {In houss chack Oct-14) In bousa check: Oct-15
Noma Functon U]
Callbeatod by Michael Websr Lubuensoey Tachnician 7%—
Approved by Katin Pokovic Tochnical Managsr = /Z%"
s C’/" (— &
- //

tasued: July 23, 2015

Thes cafibration cenificate shall not bo repeoduced excapt In ull without written appeoval of the Kboratory
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Calibration Laboratory of .“‘“{J;?"/-. S  Schweizerischer Kalibrierdienst

Schmid & Partner %’E G Service suisse détalonnage
Engineering AG e = Servizio avizzero di tarstura

Zoughoussirasss 43, 8004 Zurich, Switzertand % ,’ﬁ‘\f S  Swisa Calibration Service

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

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

Multilsteral Ag 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)

b)

c)

d)

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

|EC 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

|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

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 Beport at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis,

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

Cartificate No: D750V3-1014_Jults Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vs288
Extrapolation Advanced Extrapciation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Hoad TSL parameters 220°C 418 0.89 mho/m
Measured Head TSL parameters (220202)"C 42548% 0.80 mho/m =6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.06 Wikg
SAR for nominat Head TSL paramelers normalzed to 1W 8.15 W/kg £ 17.0 % (k=2)
SAR sveraged over 10 cm® (10 g) of Head TSL conditson
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL parameters nomalized to W 5.33 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parametors 220"C 55.5 0.96 mha/m
Measured Body TSL parameters (220:02)°C 55.126% 0.868 mho/m 2 6 %
Body TSL temperature change during test <05°C — .
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 216 Wikg
SAR for nominal Body TSL parameters notmalized to 1W 8,49 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR lor nominal Body TSL parameters normalized to TW 5.60 W/kg = 16,5 % (k=2)

Certificate No: D750V3-1014_Jul15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed to feed point 5390+1.7|Q

Ratum Loss -278dB

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

[ Esectrical Delay (one direction) | 1.036 ns ]

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

The dipole is made of standard serningid coaxial cable. The center conductor of the feeding line s directly connected 1o the
second arm of the dipole. The antenna is therefote shont-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order o improve matching when loaded according 1o the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard,

No excessive force must be applied 10 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 22, 2010
Centfficate No: D750V3-1014_Juls Paged ol @
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DASYS5 Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DU'T: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN: 1014

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

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

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
o FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flut Phantom 4.91L; Type: QDOOOP49AA; Senal: 1001

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

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

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

Peak SAR (extrapolated) = 3.05 Wikg

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

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

dB8
0

-2.00
-4.00
-6.00

-8.00

-10.00

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

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

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

Medium parameters used: f =750 MHz; a =098 §/m; & = 535.1; p= 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - §N3205: ConvF(6.21, 6.21, 6.21); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senial: 1001

« DASYS252.8.8(1222). SEMCAD X 14,6.10(7331)

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

Reference Value = 52,42 V/im: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.15 Wikg

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

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

dB
0

-2.00
-4.00
-5.00

-10.00

0 dB = 2.51 Wrkg = 4.00 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCT CO,LTD
Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner A $ Sarvice suisse d étalonnage
Engineering AG N C gorvizio svizzem o tarstura
Zoughausstrasse £3, 8004 Zurich, Switzertand % ,Iﬁ‘\.x} S Swiss Calibration Service
Accrediied by the Swiss Accreddation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Ags for the recognition of calibration certificates
ciient  HCT (Dymstec) Cartificate No: DB35V2-4d165_Novi5
(CALIBRATION CERTIFICATE
|
| Object DB35V2 - SN; 44165
Caltyration procadure(s) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Cattiration date November 24, 2015

This calibration conificate documants the taceability to national standards, which reakze the physical units of measurements {SI).
The meas: and 1he . vins with confidence probebiity are given on the fallowing pages and are part of the cartdicate

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

Caltration Equipment used (MATE ontical for calibeation)

Primary Standards 10 # Cai Data {Carlificate No.) Schoduled Calbiration
Powar meter EPM-4424 GB3ITAB0704 07-Oct-15 (No. 217-02222) Oct-16

Powar sensor HP 84814 US37292783 07-Oct-15 (No. 217-02222) Cet-18

Power sensor HP 8401A MY41002317 07-0c1-18 (No. 217-02223) Qct-16

Asteronce 20 dB Anoauator SN BOGH (20k) 01-Ape-15 (Mo 217-02131) Mar-18

Type-N mismatch combination SN: 50472 /08327 01-Apr-15 {Na. 217-02134) Mas-16

Fetarance Probe EXIDV SN: 7340 30-Dec-14 (No. EX3-7348_Dec14) Dec-18

DAE4 SN 601 17-Aug1S (No. DAEA-G01_Augts) Aug18

Secondary Standards Lo Check Date (in house) Schaduled Chack

AF gunemtoc AAS SMT-06 a2 15-2un-15 {In house chack Jun-15) In house check: Jun-18
Natwark Anatyzer HP 8753E USI7TI00586 54206  18-Oct-01 (in house check Oct-15) In house check: Oct-16

Sgnature
Calibeated by: Michant Webat Laboratory Techrician IK&Y
Approved by Katjn Pokovic Technica Manager %%

lasued: Novernber 24, 2015
This calibration cerificate shall it be reproduced except in full without witttsn approval of the laboralory
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Calibration Laboratory of N Schweizerischer Kalibrierdsenst

Schmid & Partner % 2 Service suisse d'dtalonnage
Engineering AG 0 Servitio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerland o %ﬁ_\_,\- S  Swiss Calibration Service

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

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

Multilateral Agr for the gnition 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 tc 6 GHz)", March 2010

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

Additional Documentation:
8) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The 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: DE3SV2-4d185_Nov1b Page2cfd
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The following parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C M“ns 0.90 mho/m
Measured Head TSL parameters (220x02)'C 426+868% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nomenal Hoad TSL parameters normalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL paramelers normalized 10 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 55.2 0.97 mho/m
Measured Body TSL parameters {(220=02)C 556+6% 0,99 mho/m £ 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 2,40 Wikg

SAR lor nominal Body TSL parameters

normalkized to 1W

9.47 Wikg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

1.58 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

6.25 W/kg £ 16.5 % (k=2)

Cenilicale No: DB35V2-4d165_Nov1s
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point 478Q-88j1Q
HAetum Loss -227dB

General Antenna Parameters and Design

l Electrical Delay (one direction) [ 1440 ns ]

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

The dipole is made of standard semingid coaxial cable. The centar conductor of the feeding line 5 directly connected to the
second arm of the dipole, The antenna is therefore short-clroulted for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measuremant Conditions™ paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard

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

Additional EUT Data

Manufacturad by SPEAG
Manufactured on December 28, 2012
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DASYS Validation Report for Head TSL

Date: 24,11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serinl: D83SV2 - SN: 4d165

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

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

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

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

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

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

Reference Value = 60,39 Vim; Power Drift = 0.02 dB

Peak SAR (extrupolated) = 3.40 W/kg

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

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

0dB=3.03 Wikg =481 dBW/kg

Cenificate No: DB35V2-4d165_Nov15s Page 5ol B
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

DASYS2 Configuration:

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

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

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

Date: 24.11.2015

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

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

Centificate No: DB3SVZ2-4d165_Nov15 Page 7of 8
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Report No: HCT-A-1602-F002-1

Impedance Measurement Plot for Body TSL
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Report No: HCT-A-1602-F002-1

Calibration Laboratory of

SN/ 7% Schwelrerischer Kalibriardienst
Schm{d & Panner % (s: Service suisse d'étalonnage
Engineering AG z = Servizio svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzariand N S Swiss Catibration Servics
Walal

Accradhed by the Swiss Accredaabon Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificates

Accreditation No.: SCS 0108

Certificate No: D1800V2-2d007 Feb15

CALIBRATION CERTIFICATE

Object D1800V2 - SN: 2d007
Calibration procedursis) QA CAL-05.v8

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

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

All caldrabions have been conducted in the closod lab

y lacity: tar 20 (22 + 3)°C and humidity < 70%,

Calibention Equapment usod (MATE critical for calbration)

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

Primary Standands 10" Cal Date (Cenilcste No.) Scheduled Calbration
Power metar EPM-442A GBEI74p0704 07-0c3-14 (No, 217-02020) Oct-15
Powar sensor HP 84814 US37292763 07:0c-14 (No. 217-02020) Qct-15
Power sansot HP B481A MYA1082317 07-Oct-14 (No. 217-02021) OQct-15
Refarance 20 o8 Attenuator SN: 5058 (20%) 03-Apr-14 (No. 217-01018) Apr-15
Typa-N mismatch combinabon SN: 5047 2/ 06327 03-Apr-14 (No. 217-01821) Apr-1s
Feterance Probe ESIOVS SN: 3205 30-Dec-14 (No. ES3-3205_Dect4) Dec15
DAE4 SN e 16-Aug-14 (No. DAEA-60T_Aug14) Aug-15
Secondary Standards 1D # Check Date (in houss) Scheduled Check
AF ganecator HAS SMT-06 100004 04-Aug-29 (In house check Oct-13) In house check: Ot-16
Notwork Anabyzer MP 8753 USI7TI00588 52206 18-Oct-01 [in house check Oct-14) In house check: Oct-15
Name Funcson
Caitbrated by: Michael Webar Laboeatory Techmcian ms_
\ ‘ A
Approved by Katjn Pokovic Tuchnical Manager-

T

Issved: February 20, 2015

Centificate No: D1800V2-2a007_Feb15
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HCT COLLTD
Calibration Laboratory of \{'é//_'/’:, G Schweizerischer Kalibeierdienst
Schmid & Partner - Service suisse d'étalonnage
Engineering AG o C Serviato piicaaro o terstiors
Zeughausstrasse 43, B004 Zurich, Switzerland N S swiss Calibeation Sorvice
Accrediled by the Swiss Accrediation Senvice (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nomina!l SAR resuit.

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

Cortificate No: D1800V2-2d007_Febis Page20f8
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HCT CO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 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 1800 MHz £ 1 MHz
Head TSL parameters

The following parameters and caiculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 400 1.40 mho/m

Measured Head TSL parameters (220+02)°C 387+6% 1.44 mho/m =6 %

Head TSL temperature change during test <D5°C e —
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Candition

SAR measured 250 mW input power 9.82 Wiy

SAR for nominal Head TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 512 Wiy

SAR for nominal Head TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Body TSL parameters

The lollowing parameters and caiculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL paramoters 220'C 533 1.52 mho/m

Measured Body TSL parameters (220+02)°C 51.726% 1.53mha/m=6%

Body TSL temperature change during test <0S5'C e o
SAR result with Body TSL

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

SAR measured 250 mW input power 9.67 Wikg

SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Body TSL condition

SAR measured 250 mW input power 5,10 Wikg

SAH for nominal Body TSL parameters normatized to TW 20.3 W/kg = 16.5 % (k=2)
Certificate No: D1800V2-2d007_Feb15 Page 30l 8
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

Appendix (Additional assessments outside the scope of SCS0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4730Q-691Q
Retumn Loss -224dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4390-71 2
Aeturn Loss -2004d8
General Antenna Parameters and Design
[ Electrical Delay (one direction) | 1,204 ns I

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

The dipole is made of standard semirigid coaxial cable, The center conductor of the feeding line is directly connected to the

sacond amn of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve matching when loaded according 1o the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not affected by this change, The overall dipole langth is still

according to the Standard.

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

feedpoint may be damagad.

Additional EUT Data

Manulacturad by

SPEAG

Manufactured on

July 23, 2001

Certificate No: D1800V2-2d007_Feb15
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DASYS5 Validation Report for Head TSL
Date: 19.02.2015

Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1S0O0V2 - SN: 2d007
Communication System: UID 0 - CW: Frequency: 1800 MHz
Medium parameters used: { = 1800 MHz; a = 1.44 S/m; g = 38.7. p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2011)
DASYS52 Configuration:

e Probe: ES3DV3 - SN3205: ConvF(5.06, 5.06, 5.06); Calibrated: 30,12.2014,

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

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

» Phantom: Flat Phantom 5.0 (front); Type: QDDOOPSOAA; Serial: 1001

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

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

Reference Value = 95.45 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 9.82 W/kg; SAR(10 g) = 5,12 W/kg

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

-4.00
-8.00
-12.00

-16.00

-20.00

0dB =124 W/kg = 1093 dBW/kg

Certificate No: D1800V2-2d007_Feb15 PageSol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIB00V2; Serial: D1800V2 - SN: 2d007

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

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

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

DASYS2 Configuration
« Probe: ES3IDV3 - SN3205; ConvF(4.77, 4.77, 4.77): Calibrated: 30.12.20 14,
o Scnsor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.03.2014
» Phantom: Flat Phantom 5.0 (back): Type: QDOOOPSOAA; Serial: 1002

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

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

Reference Value = 93.07 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 16.9 Wikg

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

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

-11.40
-15.20

-19.00

0dB = 12.1 W/kg = 10.83 dBW/kg

Certificate No: D1800V2-2d007_Feb15 Page 70l B

F-TP22-03 (Rev.00) 172 /199 HCT CO., LTD



-~
HCT FCC ID: ZNFK350H

HCTCO,LTD

Report No: HCT-A-1602-F002-1

Impedance Measurement Plot for Body TSL

19 Feb 2015
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FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

HCT CO,LTD
Calibration Laboratory of S8, g Schweizerischer Kalibrierdienst
Schmid & Partner —— Sarvice suisse d'étalonnage
Engineering AG % C servisio svitzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzertand 4'4,,‘@.\\.\? S Swiss Calibration Service

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

Certificats No: D1900V2-5d032_May15

Accreditstion No.: SCS 0108

Calivration Equipment used (MATE critical for calibration)

lIo#

CALIBRATION CERTIFICATE
Otiect D1900V2 - SN: 5d032
Galibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Caliteation date May 20, 2015
This caibration cariilicate de s the ability to national standards, which realize the physical units of measuremants (S1)

The measisenents and the uncenaintivs with confidance probability are given oo the Inllowing poges and ane part of e cotficala

All calibrations have been conductad in the closed laboratory facilty; environment tempetatiae (22 = 35°C wnd humidity < 70%

Primary Standards Cal Date (Corifficuts No ) Scheduled Calbration

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

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

Power sensor HP 8481A MY&1082317 07-Oct-14 (No, 217-02021) Oat15

Ralerence 20 db Atlanuator SN: 5066 (20K) 01-Apt-15 (No. 217-02131) Mar-16

Type-N mismatch combinaton SN 50472/ 06327 01-Apr-15 (Na. 217-02134) Mar16

Refarance Probe ESSDV3 | BN 3206 30-Dec-14 (No. ES3-3205 Dac14) Doc-15

DAE4 | s a0t 18-Aug-14 (No. DAE4601_Augt4) Aug-15

Saecondary Standsrds iDs Check Date (in house) Scheduled Check

AF generator RES SMT-08 100005 D4-ALQ-98 (in hause theck Oct-13) Ih house check: Oct-16

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

Calitented by Leit Kiysnor Labaratary Techniclan W g

Approved by Katye Pokonse Technical Manager

P

Issusc: May 20, 2015

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

Certificate No; D1900V2-5d032_May15
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HCT COLLTD

Calibration Laboratory of S Schweizerischer Kallbrierdienst

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

Zoughausstrasse 43, 8004 Zurich, Switzerland %, '4{’.\\."\'@ Swiss Calibration Service

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

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

Multitateral Agr for the gnition of callbration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

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

Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220:02)°C 527£6% 1.51 mho/m £ 6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Caadition
SAR measured 250 mW Input power 10.2 Wig
SAR for nominal Body TSL parameters normalized 10 1W 40,9 W/ikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measured 250 mW Input power 541 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21.7 Wikg = 16.5 % (k=2)

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

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point 474043550
Ratumn Loss -24.2dB

General Antenna Parameters and Design

[ Etectrical Detay (one direction) | 1.195 s |

Aftor long 1erm use with 100W radiated power. onfy a slight warming of the dipole noar the fesdpoint can be measured,

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line i3 directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
*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 1o the dipote arms, because they might bend or the soidered connections near the

feedpoint may be damaged.
Additional EUT Data
Manutactured by SPEAG
Manufactured on March 17, 2003
Cortificate No: D1800V2-504032_May15 Pagedofd
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DASY5 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

DASYS2 Configuration

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

Electronics: DAES Sn601; Calibrated: 18.08.2014

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

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

Date: 20,05.2015

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grnid: dx=5mm, dy=5mm, dz=5mm
Reference Vilue = 99,00 V/m; Power Drift = 0.04 dB
Peak SAR (extrapolated) = 18.6 W/ikg

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

a8

0

-3.60

-1.20

-10.80

-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

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

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

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

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

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

-3.80
-7.60
-11.40

-15.20

0dB =128 W/kg= 1107 dBW/kg

Cedtificate No: D1900V2-50032_May15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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HCT CO,LTD
Calibration Laboratory of S, Schwelzerischer Kakibrierdiens
Schmid & Partner % 8 Service sulsse d'étalonnage '
Engineering AG = C servisio svizzero di taraturs
Zeughaussirasse 43, 8004 Zurich, Switzeriand AN g S Swiss Calibration Service
Accroditod by the Swiss Accreditation Service (SAS) Accreditation No: SCS 0108
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CALIBRATION CERTIFICATE
Object D2450V2 - SN: 743
Calibention procackire(s) QA CAL-05,v9 ‘ _ .
Calibration procedurs for dipole validation kits above 700 MHz
Cadbration date May 19, 2015

This callbration cedificals documents the trmceablity 10 national standaros, which realize the physical units of measurements {SI).
T oris and ihe uncertal th«immmuemmmlmWWMpmuimmnﬂhm

Al calibeations have been conducted in the clused b wry foclity: ar perature (22 « 31°C and humidity < 70%

Calibratian Equipment used (MATE critical for caibration)

Primary Standards 10 # Cal Date (Cartificatn No.) Scheduled Calibrution
Powar meter EPM-242A GBA74807T04 07Oct-14 (No, 217.02020) Oct-15

Paower sensor HP 84814 USir2e27aa 0700ct-14 (Na. 217-02020) Oct-15

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

Aeference 20 dB Attenuator SN: 5058 (20%) 01-Apr-15 (Na. 217-02151) Mar-16

Type-N mismaich combmation SN: 5047 2/ 06327 01-Apr-15 (No. 217-02134) Mar-16

Referance Proboe ES30DVI SN 3208 30-Dec-14 (No. ES3-3205_Dect4) Dec-15

DAE4 SN 601 18-Aug-14 {No. DAE4-601_Augt4) Aug-15

Secondary Standards s Cheaok Dase (in houne) Schecuied Check

AF genorator RES SMT-06 100005 D4-Aug-98 (in house chack Oct-13) Ih house eheck: Oct-18
Netwock Anadyzer HP 8753€ US37390685 S4206  18-0ct-01 (in house check Oct-14) In house check: Oct-15

Name Function

Signy
Calibrated ty. Michas Webae Laboratory Tachnician i&_
Appraved by Katja Pokovic Technical Manager /ﬁ'{f

lssued: May X0, 2015

This calibeabon cedificate shall not be reproduced excegt in Iull witheut wiitten aporoval of the laboratory
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D2450V2-743_May15 Page20f8
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS 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 = 1 MMz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 3.2 1.80 mho/m
Measured Head TSL parameters (220=02)°C 37926% 1.84 mho/m +6 %
Head TSL temperature change during test <05°C — eee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averagod over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.495 mho/m
Measured Body TSL parameters (220202)"'C 507 6% 203 mho/m 26 %
Body TSL temperature change during test «<05°C — o
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Whg
SAR for nominal Body TSL parameters normalized to 1W 52.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAHR measured 250 mW input power 6.20 Whg
SAR for nominal Body TSL parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

| Esectrical Delay (one diraction) | 1.160 ns

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

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

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Ceriificate No: D2450V2-743_May15 Paga 4 of B
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DASYS5 Validation Report for Head TSL

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

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

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

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.54, 4,54, 4.54); Calibrated: 30.12.2014;
« Sensor-Surface: 3Imm (Mechunical Surface Detection)
o Blectronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 1014 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

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

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

d8

-4.80
-9.60
-14.40
-19.20
24,00

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

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

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

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

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

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

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

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

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

Peak SAR (extrupolated) = 27.9 W/kg

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

Maximum value of SAR (measured) = 17.7 Wikg

d8

-4.80
-9.60
-14.40
-19.20

-24.00

0dB =177 W/kg=12.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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Schmid & Partner % Service suisse d'dtalonnage
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Zeughausstrasse 43, 0004 Zurich, Switzerfand K S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 0108
The Swiss Accreditation Service is one of the signaiories o the EA

Multilateral Ag for the recognition of cafibration centificates

ciert  HCT (Dymstec) Cartificats No: D2600V2-1015_Mari5
CALIBRATION CERTIFICATE

Object D2600V2 - SN: 1015

Catbration procedure(s) QA CAL-D5.v8

Calibration procedure for dipole validation kits above 700 MHz

Calbration date March 25, 2015

This calbration certificate doouments the raceability to nalionat standarts. which realize the physical units ol messurements (SI),
The W5 and tha unc with canfiderce peobability are given on the lollowng pages and are part of tha cerificase

A s have boen cor In 1he closed labaralory faciily. anironmoent tempomture (22 + 310 and humidity < 70%.

Calibauntian Equipment used (MATE critical for calibeation)

Prienary Standargs 10» Cal Date (Certilicate No.) Se = \

Powor matar EPM-442A GBI7480704 07-Ocs-14 (No. 217-02020) Ocr 15

Power sanaoe HF 8481A UsSar202783 07-Oct-14 (No, 217-02020) Oct 15

Powee sensor HP 84814 MYa1092317 07-Oct-14 (No. 217-02021) 015

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

TypeN mismaich combination | SN: 5047.2 /06327  03-Ape-14 {No. 217-01021) Apr15

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

DAE4 SN 801 13-Aug-14 (No, DAEAGOT_Augtd) Aug-15

Secontary Stundards 0oy Chock Date (in house) Scheduled Check

AF ganaraior RAS SMT-08 100005 04-Aug-99 (in house check Oct-13) In house chack: Oct-16

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

Catbmted by Joton Kastrat mrﬁ%( )
Apgroved by Katja Pokovic Techrica Manager = /4’

Issued: March 25, 2015

This calbration cortilicate shal not be teproduced axcapt in full without written appraval of 1he labaratony
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The Swiss Accreditation Service is one of the signatorios to the EA
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

F-TP22-03 (Rev.00) 191 /199 HCT CO., LTD



ACT

FCC ID: ZNFK350H

Report No: HCT-A-1602-F002-1

HCTCO,LTD
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 2600 MHz + 1 MHz
Head TSL parameters
The following paramatass and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 390 1.96 mho/m
Measured Head TSL parameters (220+02)'C 37226% 200 mho/m +6 %
Head TSL temperature change during test <05°C e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parametens notmakzed to 1W 56.5 Wikg = 17.0 % (k=2)
SAR nveraged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 65.40 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calcuiations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220202)°C 503+8% 220 mho/m 26 %
Body TSL temperature change during test <05*C e -
SAR resuit with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Whg
SAR for nominal Body TSL parameters normalized 1o 1W 554 W/kg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 24.8 Wikg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5000Q-2110
Return Loss -335d8

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

I Electrical Delay (one direction) ] 1.150ns

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

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

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on October 30, 2007
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DASY5 Validation Report for Head TSL

Date: 20.03.2015

Test Laboratory: SPEAG, Zurich, Switzeriand

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

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

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

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

DASY32 Configuration:

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

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

Electronics: DAEA Sn601; Calibrated: 18.08.2014

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

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

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 102.2 Vim: Power Drift = 0,03 dB
Peak SAR (extrapolated) = 30.4 Wikg

SAR(1 g) = 14.4 W/kg: SAR(10 g) = 6.4 W/kg
Maximum value of SAR (measured) = 8.9 W/kg

ay
.

1560

nm

0dB =189 W/kg = 12.76 dBW/kg
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Impedance Measurement Plot for Head TSL

201

3

15:43129%

2 £02.002 090 NHz

[ u
.
Oel
o
M1
H & LOC
—
Ca =
v
16

F-TP22-03 (Rev.00)

Y. ‘
7
Y e
® -33,485
195 /199

HCT CO., LTD



|
CT FCC ID: ZNFK350H Report No: HCT-A-1602-F002-1

HCT CO,LTD

DASYS5 Validation Report for Body TSL

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

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

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

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

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

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

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

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

SAR(I g) = 14.1 W/kg: SAR(10 g) = 6.27 W/kg
Mauximum value of SAR (measured) = 18.6 Wikg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

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

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

Ingredients Frequency (MHz)
(% by weight) 1900 2 450 -2 700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethylene glycol hexyl ether - - - - . . 17.24 10.67
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

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

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

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

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

8 3967 |EX3DV4 | Head | 750 | 1014 | 12/28/2015 41.8 PASS | PASS | PASS | N/A

8 3967 |EX3DV4| Body | 750 | 1014 | 12/30/2015 55.3 0.97 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |EX3DV4 | Head | 835 | 4d165 | 12/28/2015 41.2 0.9 PASS | PASS | PASS |[GMSK|PASS| N/A
8 3967 |EX3DV4 | Head | 835 | 4d165 | 12/28/2015 41.2 0.9 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4 | Body | 835 | 4d165 | 12/02/2015 54.8 0.98 PASS | PASS | PASS |[GMSK|PASS| N/A
8 3967 |[EX3DV4 | Body | 835 | 4d165 | 12/30/2015 55.1 0.98 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Head |1800| 2d007 | 05/11/2015 40.2 141 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 |ET3DV6 | Head |1800| 2d007 | 05/11/2015 40.2 141 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4 | Body (1800| 2d007 | 12/02/2015 53.3 1.52 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 |[EX3DV4 | Body (1800| 2d007 | 12/30/2015 53.4 1.52 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Head |1900| 5d032 | 06/04/2015 40.1 1.39 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 |ET3DV6 | Head |1900| 5d032 | 06/04/2015 40.1 1.39 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 |EX3DV4 | Body [1900| 5d032 | 12/02/2015 52.4 151 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 |[EX3DV4 | Body [1900| 5d032 | 12/30/2015 53.1 1.53 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4 | Head (2450 743 |12/01/2015 38.4 1.8 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Body (2450| 743 |12/02/2015 53.5 1.92 PASS | PASS | PASS |OFDM| N/A |PASS
3 3797 |EX3DV4 | Head (2600| 1015 |12/01/2015 38.7 1.96 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 |EX3DV4 | Body [2600| 1015 | 12/02/2015 52.9 2.13 PASS | PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

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