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Cateraton e DRSS
This Callbvation oemficate documants the traceabity (0 nations! standeeds. which realze the phy units of s
The and the with: confids protabiity are given on the followng pages arxd are part of the certificate.

All casiby have been conductad in e closed abaratory tacilty. smwonment tlemparature (22 = 3)°C and humidity < 70%

Cattration Equement used (MSTE ortical for catbration)

Prengry Standurds o Caf Dute (Ceriificate No ) Scheoufed Calbraton
Power meter E44196 GB41293874 01-Apr-15 (No. 217-02125) Mar-16
Power sensor £44124 MY 41498067 01-Apr-15 (No. 217-02128) Mar-16
Relerence 3 B Alenuator | SN; 55054 (3c) 01-Ape-185 (No. 217-02129) Mar-16
| Ruference 20 dB Anenuator | SN; 65277 (30x) 01-Apr-15 (No._217-02132) Mar-16
Rafeonoe 30 0B Atenualor | SN: 55129 {30n) O1-Apr-15 (No_217-02133) Mor 16
Ruferncce Frobe £530V2 SN 3013 30.Dec-14 (No_ £53-3013_Dec1d) Dec-18
DAE4 SN: 600 14-Jan-15 (No_ DAE4-080_Jan15) Jan18
Secosdary Standards ) Check Biate (in house) S d Chieck
RF genaraioe HP 8648C USIBAU01700 4-Aug 99 (in howse check Apr13) In house check: Apr-18
Network Anatyzes HP B7S3E | US37300585 18.0ct-01 {In house check Oct-15) In house check: Oct. 16
Functian
Catrated by
Appicreed by,

Issuec Decemnber 16, 2018

This caltration certificate shail not be reproduced excepl In fubl wihout witien approvel of the laborstory.
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FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2
HCT COLLTD
Calibration Laboratory of S Schwalsitacher Kiibravdienet
Schmid & Partner SS= (4 \ (8: Service sulsse d'étalonnage
Engineering AG % Servizio svizzero & taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland *M\F’ N\ A/ S vten Cilivation Sardce
nl -
Accredaed by the Swiss Accredtaton Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Ag: for the recog of calibeation cortificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sensitivity in TSL / NORMx.y,z
oce diode compression point
CF crast factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢  rotation around probe axis
Polarization 9 8 rotation around an axis that Is in the plana nomal 1o probe axis (at maasurement center),
Le, 8 =0is normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)
c)

d)

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

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

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

KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 8 GHz"

Mothods Applied and Interpretation of Parameters:

NORMx,y,2: Assessed for E-fizsld polanzation 8 = 0 {f < 800 MHz in TEM-cell; f > 1800 MHz: R22wave9ulde)
NORMzx,y.z are only intermediate values. i.8., the uncertainties of NORMx, yzdoeonoloﬂectmeE ~field
uncerainty inside TSL {(see below ConvF),

NORM(Nx.y,z = NORMx,y.z * frequency_response (see Frequency Response Chart), This linearization is
implementad in DASY4 software versions later than 4,2, The unceriainty of the frequency response is included
in the stated uncertainty of ConvF.

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

PAR: PAR is the Peak to Average Ratio that is not caliteated but determined based on the signal
charactesistics

Axy.z Beyz. Cxy.z Dxy.2. VRx.y.z. A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibration range expressed in RMS voltage across the diode.

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

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

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

Connector Angle: The angle Is assessed using the Information gained by determining the NORMx (no
uncertainty required)
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Manufactured:  September 30, 2013
Calibrated: December 16, 2015
Calibrated for DASY/EASY Systems
(Note. non-compatible with DASY2 system!)
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EX30VA- SN:3067 Docembor 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (aVA(Vim)")* 0.54 0.38 0.48 2101 %
DCP (mV)" 101.3 97.8 101.0 |
Modnlaﬁon Calibration Parameters
Communication System Name A 8 c ) VR Unc™
48 dBVuv dB mv (k=2)
0 CW x| oo 0.0 10 | 000 | 1450 | #38%
Y | oo 00 10 | 1437
z 0.0 0.0 10 | 1382

ed uncertainty of measurement is stated as the standard uncertainty of measurement
mul lied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probablllly of approximately 95%.

* The uncartanties of Nomm XY Z do not aflect the £ feid uncertainty inside TSL (see Pages 5 and 8)
" Numercsl inearization parameter urcertanty nol reguired
'uwnm-oolmmumqnemx daviation from Inedr response spuhing rectanguier dalrdution and is axpressed for the square of the

fala value
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HCTCO,LTD

EX3DV4- SN:3967 December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © M‘ “';;:;'m ConvF X | ConvFY | ComvFZ | Alpha® mv (mk-';)
750 419 0.9 1027 | 1027 | 1027 | 021 | 139 | s120%
835 415 0.90 9.87 9.87 987 | 020 | 138 | £120%
900 415 0.97 970 | o70 070 | 025 | 115 | £120%
1450 405 1.20 8.19 8.19 819 | 020 | 092 | s120%
1750 40.1 1.37 8,30 838 | 839 | 025 | 088 | £120%
1900 40.0 1.40 811 B.11 811 | 039 | om0 | s120%
1950 400 1.40 7.90 790 | 790 | o038 | o088 | s120%
2300 395 1.67 7.73 7.73 773 | 037 | o084 | 2120%
2450 392 1.80 7.42 742 | 742 | 040 | 080 | £120%
2600 39.0 1.96 747 7.17 747 | 041 | 083 | £120%
3500 379 291 7.69 760 | 760 | 0o | 083 | £131%
5200 36.0 468 537 5.37 537 | 035 | 180 | +131%
5300 359 476 5.04 5.04 504 | 040 | 180 | £131%
5500 3856 496 487 487 487 | 045 | 180 | £131%
5600 355 5.07 465 | 485 465 | 050 | 180 | £131%
5800 353 527 469 | 469 469 | 050 | 180 | £131%

»fmcvanmaoomm1ooumonvy-pua0wmsvw4mm(mmnmummsouu The

uncetanty % the RSS of the Com# unc and the uncettanty for the sdcaled i y band Fi y valoity

bolow 300 Mz t5 £ 10, 25, 40, sowrow:hrw-mmnlm B4, 128 |sowzzowvmpou~w AboanHzirup“y

v-ldtycmbtwwuw%

Alluqumnﬂowlﬂﬂ! the vascity of tissue parameton (c sad o can be relexed to = 10% If bquid compensation famulh i appied
measuted SAR values thamaaﬁz,vmvmdnmummumd-wntb\ The yncertainty & the RSS of

"an during SPEAG st the rerm y due 10 the boundary effect Bl COMDPEaNoN is
mvnnmnr1%Iovhwmbobw36mu\dndmzthwmmnuommnmmmwrmmmmmm
cvamaeter from the boundary
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HCTCO,LTD

EX3DV4- SN:3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

P Relative | Conductiyity | . | Depth® Une

F(MH2)® | Pormittivity (sim)” ConvF X | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 55.5 0.96 9.92 9.92 9.92 022 | 141 | 2120%
835 55.2 0.97 976 9.78 9.76 0.24 1.28 | +£120%
1750 53.4 1.49 B.04 8.04 8.04 040 | 085 | +120%
1900 53.3 1.52 7.05 7.95 7.95 035 | 092 | +120%
2450 527 1.95 7.31 7.31 7.31 040 | 086 | +120%
2800 52.5 216 7.19 7.19 7.19 025 | 105 | +120%
3500 51.3 3.3 6.88 6.86 6.86 0.36 1.14 +13.1%
5200 49.0 5.30 432 432 432 055 | 190 | £13.1%
5300 489 542 423 423 423 0.55 1.90 +131%
5500 486 565 3.80 3.80 3.80 0.60 190 | £131%
5600 485 5.77 3.70 3.70 3.70 060 | 190 | +131%
5800 48.2 6,00 3,82 142 382 060 | 190 | £131%

© Frequency valdty sbove 300 Mz of £ 100 Miz ony saplies for DASY va 4 and higher (ses Page 2), eise i in restriched 10 = 50 MHz. The
uncensinty is the RSS of the ConvF uncertanly it colibration fequancy #nd he uacsaanty for the indcated requency band Frequency valkity
Dolow 300 MHZ 8 £ 10, 25, 40, 50 and 70 MHzZ for Convi- assepsments at 30, 64, 128, 150 anu 220 MHz respectively. Above 5 GHz frequancy
vishcity can be exaandoc 10 = 110 Mz
" Al frequencios bokow 3 GHz. the vaiidity of issue parsmeters (¢ and «) can be relaxed 1o = 10% # bgud formuts = 1)
measured SAR values M frequencies above 3 GMz, the validty of fssus parameters (v mnd o) s restncied 10 2 5% The uncertiminty is the RSS of
Imcmmmhm@dwm

= AphaDepth aee delermined during catbration. SPEAS warrentn 1hat 1ha remaming deviaton duo to he boundary sffect after compeansation &
Ahways less han 2 4% for frequancies below 3 Gz and below = 2% for frequencies betwoon 3-8 GMz at any distance kwper than half the probe tp
diamwter from tha boundary
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HCTCOLLTD

FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2

EX3DVA4- SN:3067

Frequency response (normalized)

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

R I

0 500 1000 1500 2000 2500 3000
f[MHz]

e Rz

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

Cartfficate No: EXQ-3867_Dec15 Page 7ot 11
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FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

EX3DV4.- SN:3967

Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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HCTCOLLTD

FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

EX3DV4- SN-3967

Certficate No: EX3-3867_Deac15
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Uncertainty of Linoarity Assessment: £ 0.6% (k=2)
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HCTCO,LTD
EX3DVA- SN.3967 Decamber 16, 2015
Conversion Factor Assessment
= 835 MMz, WGLS RS (H_comf) f= 1800 MHz WGLS R22 (H_convF)
30 .\\ =
g £
: |
3 i
oy > - - ®» = s S 3 "“{{’".T“‘E;“’.s 8 . e
oy . e =,
Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
.10 08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificato No: EX3-3867_Dec15 Page 10 of 11
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h'a- FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2

HCTCO,LTD

EX30V4- SN:YG6T December 16, 2015

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

Other Probe Parameters

Sensar Arrangement | Trangular
Connector Angle (*) == 206
“Machanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
‘Probe Overall Length . 337 mm |
Probe Body Diameter 10 mm |
| Tip Length 9 mm
“Tip Diameter 25mm
Probe Tip to Sensor X Catibration Point T imm |
Probe Tip 1o Sensor Y Calibration Point 1 mm
Probe T 10 Sensor Z Calibration Point Tmm
"Recommended Measurement Distance from Surface ; 1.4 mm 1
Cortificts No: EX3-3967_Dec15 Page 11 of 11
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FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

Accredited by the Swess Accreditaton Service [BAS)
The Swiss Accroditation Service is one of the signatories to the EA
Multidateral Agreemant for the recognition of calibration certificates

Calitration Equipment wsed (MATE critical for catbeabion)

HCTCO,LTD
Calibration Laboratory of 3 Schwelidsiher Killbrlerdianat
Schmid & Partner ‘@ g Service suisso Télatonnage
Engineering AG Servizio svizzero di taratura
Zeaghausstrasse 43, 8004 Zurich, Switzertand /’E*f S gutes Caiteation Service

Accreditation No.: SCS 0108

This calibraton certificate documents the traceability fo national standards, which realze the physcal unds of measurements {S1).
The measutssnents and the uncerainties with corfidence probatuity are given on the following pages and are pert of the certfcate.

Al calibrations have been conducted i1 (he cosad laboratory facity: senviranment Semparature (22 = 3)°C and hamidity < 70%

Standards D Caf Data (Cartifcam No.) Schoduled Calbraton
Powar metor E44108 GB41203874 01-Ape-19 (No. 247-02128) Mar-18

Power sarsor E4412A YA 1496087 01-Apr.15 (No. 217-02128) Mar-18

Rateronce 3 48 A SN: S5054 {3¢) 01-Ape-15 (No. 217-02129) Mae-18

Ruference 20 di) Asenustor | BN SS277 (20x) 01-Apr-18 [No. 217.02132) Mae-18

2ofarence 30 o8 A SN S5129 [30b) 01-Apr-16 (No. 217-02133) Ma-18

Roterence Probe ESIONZ SN-3013 30.Doc-14 (NoES3-3013 Dectd) Dec-15

DAE4 SN 660 14-Jan-15 (No_DAE4-500_Jen15) Jon-18

Standards D Chack Date (in house) s Chack

| RE gunacator HP B648C US3642001700 4-Aug85 (in houss check Apr-13)_ 101 house check: Apr-16
Network Analyzar HP 8753 | US37390585 18.0c1.01 (in houss check Ocl-14) In house check: Oct-15

Function

Certificala No: EX3-3863_Aug15

Page 1 of 11

F-TP22-03 (Rev.00)

121 /193

HCT CO,, LTD



-
ha- FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2

HCTCO,LTD

Calibration Laboratory of A s Kalihelerdh

Schmid & Partner —— 2 Service suisse Fétalonnage
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Z‘v/ﬁ:ﬁ S guiss Catibration Sarvice

Acoredited by the Swiss Accredtation Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibeation certificates

Glossary:

TSL tissue simulating bquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y 2

DCcP diode compression point

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

ABCD modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization % 4 rotation around an axis that is in the plane normal 1o peobe axis (at measurement center),

2., B =0 s normal to probe axis
Connector Angle Information used in DASY system 1o align probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} 1EC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices usad in close
proximity 1o 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 davices
used in close proximity to the human body {frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

«  NORMx,y.z Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide)
NORMz.y.z are only intarmediate values, i.e., the uncertainties of NORMx.y.z does not affect the E”fieid
uncertainty inside TSL (see below ConvF).

«  NORM(Nxy.z = NORMzx.y.z * lrequency_response (see Frequency Response Chart). This inearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ComvF.

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

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

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

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

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

« Sensor Offset: The sensor offset corresponds to the offset of virtual measurement canter from he probe tip
(on probe axis). No tolerance required.

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

Cartificate No: EX3-3863_Aug15 Page 2ol 11
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Manufactured:  February 2, 2012
Calibrated: August 27, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCTCO,LTD

FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

EX30V4- SN 3863

August 27_ 2015

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

Basic Calibration Parameters

Sensor X Sansor Y | Sansor Z Unc (k=2)
Norm (uVAVIm) ) 0.37 0.35 | 0.45 101 % |
DCP (mV)" 1019 103.9 | g8 9
Modulation Calibration Parameters
(V5] Communication System Name A B8 c 0 VR Une"
| 4B | dBvVuv ds mv (k=2)
0 oW x 00 0.0 10 0.00 1318 | 227%
Y 0.0 0.0 1.0 1299 '
2 0.0 0.0 10 1264
The reported uncertainty of measurement is stated as the standard uncertainty of measurement

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

* The uncenainties of Norm X.Y.Z do not affect the E™-finki crcertaty inside TSL (ses Pagen 5 and 6)

" Nernerical insarization parameter. uncertainty not requined.

" Uncenuinty is detetmined using the max. d from lnoar apphyang rectanguiar distnbason and m expressed for the squar of tha
feid value
Certificate No: EX3-3863_Aug15 Paged ol 11
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HCTCO,LTD

EX30V4- SN:3863 Augusl 27, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

,u!fsf_,g-m.'_ Tw ConvF X | ConvEY | ConvFZ | Alpha® ":.;":," (2-";)
150 523 0.76 1189 11.89 11.89 0.00 1.00 £133 %
450 435 0.87 10.31 10.31 10.31 0.17 1.30 +133%
750 419 0.88 9.83 983 983 024 1.21 £120%
835 415 0.90 946 946 9.46 0.21 1.30 £120%
900 415 097 8.28 9.28 9.28 0.26 1.11 £120%
1450 405 1.20 8.31 8.31 8.31 0.15 1.81 12,0 %
1750 401 1.37 B.18 8,18 8.18 0.36 0.90 £120%
1900 400 1.40 7.84 7.84 7.84 0.21 1.07 +12.0%

1950 | 400 1.40 7.60 7.60 7.60 0.31 080 | £120%
2450 39.2 1.80 7.04 7.04 7.04 0.27 0.98 +£120%
2600 39.0 1.96 684 6.84 6.84 0.27 1.4 £120%
3500 379 23 68.77 6.77 6.77 0.38 1.08 £131 %
5250 359 471 494 484 4.94 0.35 1.80 £13.1 %
5600 355 5.07 444 4.44 444 ' 0.45 1.80 £131%
5750 354 522 4.65 4.65 4.65 045 1.80 131 %

'quu-ncyvlldlnbonJoowuolnooumwywmmmsvuamwh-(u-hgez)eul-vamalucsomkm
uncananty i the RSS of the ConvF uncenainty st calty y and the y for y banl. Frequancy valaty
betow 300 Mz is £ 10, 25, 40, SOwWMhComFm-ano 54, 128 |5owmmumooctm Abovqbﬁtuhmm:y
m«ymummm:now

" Al frequences below 3 GHZ, the valiity of tissus parameters {c and o) can be relared (o = 10°% If igua § A is appled 10
measured SAR values. Al frequencies above 3 GHz, mmtydmm(um«)ummdh:ﬁﬂ- Thnmﬂlﬂyuwnssd
mwwmhmwmwm

% Alpha/Dapth nre dotermined dunng calibration. SPEAG warrants that the remaning devalion due 10 1he boundary effect after compensation i
always 885 than + 1% lor frequences below 3 GHz and below ¢ 2% for frequencies between 3-6 GH2 o ary datance (arger than ha the probe bp
deamneder kom the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth ” Unc

1(MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 11.68 11.68 11.68 0,00 100 | £133%
450 56.7 0.94 10.67 10.67 10.67 0.10 120 | £133%
750 §5.5 0.96 9.76 9.76 9.76 0.25 1.16 £12.0%
835 55.2 0.87 9.40 940 9.40 0.23 1.44 +12.0%
1750 53.4 1.48 7.73 7.73 7.73 0.24 1.01 £ 120 %
1900 533 152 7.48 748 7.48 0.39 0.80 £ 120 %
2450 52.7 1.95 711 7.11 7.11 0.31 0.80 +12.0 %
2600 525 216 6.97 697 8.97 0.33 0.80 £120%
5250 489 536 444 4.44 444 | 040 1.90 £13.1%
5800 485 577 377 3.77 3.77 0.50 1.90 £131%
5750 483 5.94 4.08 4,08 408 | 050 1.90 £131%

-rmmvvmmmumoumoumavy-punvumskummxmma muwu:mm Tha
uncertainty is the RSS of the Comd uncertainty st y and the y for q y bantt. Frequency valdiy
balow 300 MMz is £ 10, 25, 40, 50 and 70 MHz for CanvF asseswments at 30, 64 128, mwmww Above 5§ Giz frequency
Mmhmn-nou&

" Al imquencies Delow 3 Gz, the vaidity of tissue parametem (¢ and o) can be tetaced 10 2 10% If iquid f [
mensures SAR values, Al froquoncies above 3 GHz, mwmum-muwa)umwnzﬁ mmwnyumRSSd
hwmmhmennum-lum

“ Alpha/Depih ane determined during calltiraton. SPEAG warrants thal the remanng devielion due 1o e y effect after o
alwarys less than ¢ mwmnmubummmmmm'zxwkwmum-mmwamummw
dlametar from the boundary
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EXI0VA- SN:3B63 August 27, 20115
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22

-

e s il S = 2 S

Error (48]

Roll [

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARcaq)
(TEM cell , foyu= 1900 MHz)
10 2 |
»
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— 10! =51
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2 1 ‘
£ .
10° p
2
»
10 10 10 10 10 10 10
SAR [mW/em3)
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not compernsated cormpensated
1
-
5 0 P o TV e e, 1 PN 3451 St .
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109 1048 10 108 w0 100 109
SAR [mW/em3)
o | L
aot compensatad compensatec
Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
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Report No: HCT-A-1606-F001-2

EX30V4- SN3EE3 August 27, 2018

Conversion Factor Assessment

= B35 MHz. WGLS RS (H_convF) = 1900 MHz WGLS R22 (H_comf)

pert Vv
2 2] s 2l
e rrm—— e

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

-0 <08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

| Sensor Arrangement Trangular |

| Connector Angle (*) 1053 |
Mechanical Surface Detection Mode | enabled

| Optical Surface Detection Mode disabled

| Probe Overall Length 337 mm
Probe Bady Diameter I 10mm
“Tip Length ' | amm |
Tip Diameter 25mm .
Probe Tip 1o Sensor X Calibration Point Tmm
Probe T 1o Sensor Y Calibration Point ! 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm
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FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

Accreditod by e Swiss Accredtanion Sewvice (SAS)
The Swiss Accreditation Service is one of the signatocies to the EA
Multilateral Agreement for the recognition of calibration certificates

Catlraton procedurels)

Cotration date

Caulibration Equipment used (MSTE cracal for cafitvation)

HCT COLTD
Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner Servics suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughousstrasse 43, 0004 Zurich, Switzerland Swiss Calibrstion Service

Accreditation No.: SCS 0108

Thia calitraton centificate documents tha iraceatsity 10 national standards, which realize the physical unts of messuremaents (Si)
The messurem ey and the uncertantes with condidance probatity are given on the following pages and are part of the certdcate

Al caltrutions have been conductad In the dosed laboratory icdty. emaranmant demperature (22 £ 3)°C and humidity < TO%

This calibration cerfificate shal not be reprod

Primary Standards 4] Cat Date {Cartifcate No.) Schoduled Calibration
Powar meler E44166 0841293874 01-Apr-16 (No. 217-021281 Mar-16

Powsr sensor E44 124 MY41498087 01 Ape-18 (No. 217-02128) Mar-16
| Refecence 3 08 Attenuator BN, 55054 {3c) 01-Ape-15 (No. 217-02129} Mar-16

Fulworce 20 0B Atencaior | SN: S6277 {20w) 01.Ape15 (No. 217-02132) Mar-16

Ref 30 ¢B Alwnustion SN: S4129 {30b) 01-Ape-15 (No. 217-02135) Mur-16

Refwenon Probe ESI0VE 5N 3013 31-Oec- 1% (No. ES3-3013_Dect5) Dec- 16

DAEA SN: 680 23.0nc-15 (No, DAEA-860_Dec15} Dec-16

Standards 0 Check Date {in house) Scheduied Check
| RF genatitce HP BESBC USIB42U01700 &-Aug-2i (n house check Ape-13) | In nouse chick: Apr-16
Network Anahyzec HP 8753E | US3T350588 18-Cet-01 (in house chack Oct-15] In house chiack: Oct-10
Narng Function
Apgvoved by

Issued: March 21, 2016

d Wepapt i full without written appeoval of the abotsory

Cartificate No: ET3-1609_Mar18
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HCTCO,LTD
Calibration Laboratory of O Schwalzarischor Kalibrierdienst
Schmid & Partner K\u = g Sorvice sulsse d'0talonnage
Engineering AG e g Servisio sviczero d taratura
Zeughausstrasse £3, 8004 Zurich, Switzecland ‘q@\ Swins Catibration Service
le®
Accieditad by Ihe Swiss Acoreditition Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories 1o the EA
Multilateral Agr for the gnition of certificates
Glossary:
TSL tissue simulating liquid
NORMXx.y.z sansitivity in free space
ConvF sansitivity in TSL / NORMx.y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parametors
Polarization o p rotation around probe axis
Palarization 5 # rotation around an axis that 5 in the plane normal 1o probe aws {8l measurement center),
\&.. 8 =0 is normal to probe axis
Connector Angie information used in DASY system to align probe sensor X to the robot coordinate system

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 62202-1, "Procedure to measure the Specific Absorption Rate (SAR) far hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHzj", February 2005

o) IEC 62204-2, "Procedure to determine the Specific Absarption Rate (SAR) for wireless communicabion devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz 1o 6 GH2"

Mothods Applied and Interpretation of Parameters:
NORMy.y.z: Assessed for E-field polarization 4 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMz,y.z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (sea below ConvF).

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

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

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

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

« ConvF and Boundary Effect Parameters: Assessad in flat phantom using E-field (or Termnperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
maasurements 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 10 improve probe accuracy close 10 the boundary. The sensitivity in TSL corresponds
to NORMx.y,z * CanvF whereby the uncertainty corresponds Io that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz.

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

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

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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ET3DVE - SN 1809 March 18, 2016
Manufactured:  July 27, 2001
Calibrated: March 18, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 systam!)
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HCTCO,LTD

ETIOVE- SN:1609 March 18, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Une (k=2)
Norm (uVA(V/m))" 2.00 1.81 1.82 £ 101 %
DCP (mV)" 102.0 100.5 101.5

Modulation Calibration Parameters

uiD | Communication System Name A B8 c [ VR Une'
| - | o8 lesvpv| | 98 | mV | (=F)
0 | W X | 00 0.0 1.0 | 000 | 2680 | 33%
Y 0.0 0.0 1.0 2669
| 2| oo 0.0 1.0 2592

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

 The urncaramtios of Norm X Y. Z do nut atfect the E-feid uncertainty inside TSL {see Pages § and §)
" Numencad lineanzation parameter urcentanty not requied

¥ Uncertainty is dotermined Lsing e max. from knear resp apphing r cutne duiribution and s expressad Ky te sousre of the
feld value
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Unc
T{MH2)® | Permittivity' (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 410 0.89 6.81 6.81 6.81 042 | 232 | 2120%
835 415 0.90 6.48 8.48 848 | 045 | 222 | +120%
900 415 097 6.33 633 | 533 | 03a | 281 | +120%
1450 405 120 | s81 561 | 561 053 | 23¢ | +120%
1750 401 1.37 5.40 5.40 5.40 068 | 225 | $120%
1800 400 1.40 5.20 5.20 5.20 079 | 205 | 2120%
1950 40.0 1.40 5,04 5,04 5.04 080 | 216 | $120%
2300 395 1.87 4,88 488 488 | 080 | 194 | 2120% |

“ Frequency validty sbove 300 MHZ of £ 100 MHz ondy apphes for DASY vé 4 and higher (sos Page 2), sise & s rustricted 10 £ 50 Mz The
uncedpinty i the RSS of the Com® uncentainty at casbration frequency and the uncertanty for the ndicated frequency band. Frequency validity

dalow 300 MHz is + 10, 25, 40 50 and 70 MHz for ConvF assessments at 30, 64 128, 150 and 220 MHz respectvely. Above § GHz frequency
ummucnmw,noum

" Al bequercies balow 3 GHz. the waldily Of tissos paramlens (x and o) can be relgsed 1o & 10% if tiquid persation fi

measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (c and o) i resincted 1o & 5% mwumnssa
mCuwfuvmmbvrmhmahsawmm

“ Alpha/Denth are determined dunng callrstion. SPEAG st the devation dus o the boundary efloct after
mrshsnnnomhmmnmacmnnabm:nmmmacmzummwtmummw
diameter from the boundary
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductlyity Dopth Unc

1(MH2)° | Pormittivity” (Sim)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) {k=2)
750 85.5 0.96 625 | 625 | 825 | 031 | 275 | s120%
835 55.2 0.97 616 | 616 | 616 | 032 | 273 | +120%
1750 53.4 1.49 486 | 486 | 486 | 080 | 245 | 2120%
1900 533 152 468 | a68 | 468 | 080 | 231 | +120%

fwmyvddnylbvwamwdu|00MN:aNylpdtuknDAsz¢lde'(um2)olunovah:msmrsomtmu
uncetanty is the RSS of the Canvie uncertainty ot calibralicn frequency and the y for the y band. Frequency validty
betow 300 MMz 18 = 10, 25, 40, 50 and 70 MHz for ConvF assedaments of 30, 64, 128, 150“220“12%& Above 5 GHz frequency
vahdkycmummmw: 110 Mz

' At freqquentcies below ) GHz, the valcity of tissue pararneters (c and o) can be retaxed (o + 10% If igults compensation fomuly is sppled 1o
measured SAR values. Al frequencies above 3 Gz the validity of tssue parameters (£ and «) is resticied 1o £ 5% The uncertainty is the RSS of
the Canvf uncertanty for indicaled target tnoue parameters

“ AlphayDiapth ate determined dunng calibration. SPEAG wartants that the remaning deviason dua 10 the boundary effect sfier compensation is
always less than ¢ 1% for frequences below 3 GHz ond bslow 1 2% for frequercies batwaen 3-8 GHz ot any detance larger than had the probe bp
dametar from (he bountdary
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FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

ETIDVE- SN.1602

cy response (normakzed)

rrequen

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

March 18, 20186

500 1000 1500 2000 2500
f [MHz]

e w7

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2

ET3DVH- SN: 1609 March 182016

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22

\
D4 g -»
\

Error (05

4..“‘4,.»—0'!0!.-23?"_34_3:’1“.r“'&“’

RoA [

Y.
qar L “ T

Uncertainty of Axial Isotropy Assessment: £ 0,.5% (k=2)
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Dynamic Range f(SAR}aq)
(TEM cell , fora= 1900 MH2z)
.
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102 102 16 100 10! 0* 100
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.| v
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Uncertainty of Linearity Assessment: £ 0,.6% (k=2)
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March 18, 2016
Conversion Factor Assessment
= B35 MHz WGLS RS (H_comfF} = 1900 MHz WGLS R22 (H_convF)

g it o )
g t» [

] 3 *

'; | w . l:ml = x = .-: D\: ] o "i!.“ > n n "
= il it =,

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

<10 08 08 04 02 00 D2 04 08 08 10
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1609

Other Probe Parameters

“Sensor Arrangement | Trianguiar |
Connector Angle () | 774 |
Mechanical Surface Detecton Mode | enabled
Opftical Surface Detection Mode disabled
[ Probe Overal Length ] T337mm |
Probe Body Diameter 10 mm |
[ TFip Length 10 mm_"l
| Tip Diameter 68 mm |
"_Probe Tip to Sensar X Calibration Point 2.7 mm
Wobe Tip 1o Sensor Y Calibration Point 2.7 mm
Probe Tip 1o Sensor Z Calibration Point : 27 mm
Recommaendod Measurement Distance from Surface 4 mm
Certficale No. ET3-1608_Mar18 Page 11 of 11
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HCT COLLTD
Calibration Laboratory of \\\\&\’/’/',, Schweizerischer Kalibrierdienst
Schmid & Partner m Service sulsse d'étalonnage
Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand '-z,,,ﬁw\? Swiss Calibration Service
Wil

Accradied by the Swiss Accredaaton Senico (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muitilateral Agreement for the recognition of calibration certiticates

cent  HCT (Dymistec)

|CALIBRATION CERTIFICATE
|

Accreditation No,: SCS 0108

Certificate No: D750V3-1014_Jul1s

Objoct D750V3 - SN: 1014

Catraton procedurals) QA CAL-05.v9

Calibraticn procedure for dipole validation kits above 700 MHz

Calibration date: July 23, 2015

This caliteation cemficate documents ihe treceability to national standusds, wihich resize the physical unis ol measurements (SI).
Tha measuraments and the uncanainties with contidence probiabiity are given on 1ha following pages and ate part of the cartificate
Al calibsations have Deen conducted in the closed lab

oy faciitty: of emperature (22 + 3)°C and humidity « 70%.

Calrason Equipment used (MSTE antical for calibration)

This calibeation cedificate shall not b réproduced axcept in hull without writter: apnroval of the laboratory

Primary Standards |ID% Cal Dato (Cortiticae No.) Sehedued Calbation
| Power meter EPM-4424 | GRI7480704 07-Oct-14 (No. 217-02020) Oct-15
Power sensor HP 8481A | uS3T292783 07-Oct-14 (No. 217-02020) Oot15
Power sansue HP BA81A | MY41062317 07-0ct-14 (No. 217-02021) oS5
Hetersnce 20 68 Anentalor | SN 5058 {20K) 01-Ape-15 (No. 217-02131) Mar-16
Typo-N mismatch combination | SN: 50472/ 06327 O1-Apr-15 (No. 217-02134) Mar-16
Refarane Probs ESIOVS SN:-3205 20-Dec-14 (No. ES3-3206_Dec1d) Dec-15
DAEA SN 501 18-AUQ-14 (NO_ DAEAE0T_Aug1A) Aug-15
| Secondary Standards liow Ghosk Date {in houss) Seheduled Check
AF generator AAS SMT-05 | 100005 D4-Aug-99 (in husse check Oct-13) In boyse check: Oct-16
Network Anatyzer HP 8753E | Us37300588 54206 38-Oct-01 (in novse chack Oct-14) 1 bouse chack: Oct-15
Name Function Si &
Caliveatod by Michael Websr Laboratory Technician
.
Approved by Katja Pokovic Technical Manaper

._,,_;_»e,,;-'C‘; :/4(;—"

Issued: July 23, 2015

Certificate No: D750V3-1014_Jul15
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HCTCO,LTD

Calibration Laboratory of

r G Sehweizerischer Kafibrierdienst

Schmid & Partner Service suisse ¢ étalonnage
Engineering AG C  gorvizio avizzero di tavatura
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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, “|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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit,

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system contiguration, as far as not given on page 1.
DASY Version DASYS vs5z8e
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL paramelters (220£02)°C 425268% 0.90 mhoim =6 %
Head TSL temperature change during test <05'C — ~S%
SAR result with Head TSL
SAR averaged over 1 cm’® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1W B.15 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL paramelers nomalized to 1W 5.33 Wikg = 16,5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 55.5 0.986 mha/m
Measured Body TSL parameters (22.020.2)°C 551 6% 098 mho/m 6%
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 216 Wikg
SAR tor nominal Body TSL parameters notmalized to 1W 8.49 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAH measured 250 mW input power 1.42 Whkg
SAR lor nominal Body TSL parameters normalized to 1TW 5.60 Wikg = 16.5 % (k=2)
Cenificate No, D750V3-1014_Jul1s Page3ofd
F-TP22-03 (Rev.00) 146 /193 HCT CO., LTD




aCT

HCTCO,LTD

FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o fead point 53904172
Return Loss -278dB
Antenna Parameters with Body TSL
Impedance, transformed to leed point 48.102-1.3[Q
Return Loss «36.0d8
General Antenna Parameters and Design
| Eectrical Detay (one direction) ] 1,036 s |

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

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

according to the Standard.

No gxcessive force mus! be applied to the dipole arms, because they might bend or the scldeved connections near the

feadpoint may be damaged.

Additional EUT Data

Manutactured by

SPEAG

Manufactured on

March 22, 2010
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DASYS5 Validation Report for Head TSL

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

Communicanion System: ULD 0 - CW; Frequency: 750 MHz

Medium parameters used: £=750 MHz: o=0.9 S/m: & = 42.5: p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS2 Configoration:
o Probe: ES3DV3 - SN3205: ConvF(6.44, 6.44, 6.44): Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAEA Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L: Type: QDOOOP4YAA: Serial; 1001

e 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 Wrkg

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

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

diB
0

-2.00
-4.00
-6.00

-10.00

0 dB = 2.40 W/kg = 3.80 dBW/kg

Cemficate No: DY50V3-1014_Jul1s Page 5015
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

Medium parameters used: { = 750 MHz: 6 = 0.98 S/m; 5 = 55.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration;
« Probe: ES3IDV3 - SN3205: ConvF(6.21, 6,21, 6.21); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4A Sn601; Calibrated: 18.08.2014
o Phantom: Flat Prantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASY5252:8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 52.42 V/m; Power Drift = 0.01 dB

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

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

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

dB
0

-2.00
-4.00
-6.00

-10.00

0dB =251 Wikg =4.00 dBBW/kg
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F-TP22-03 (Rev.00) 150 /193 HCT CO., LTD



aCT

HCTCO,LTD

FCC ID: ZNFK200MT

Report No: HCT-A-1606-F001-2

Impedance Measurement Plot for Body TSL
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Calibration Laboratory of P Schweizerischer Kalibrierdienst
Schmid & Partner %’E g Sarvice suisse d'éalonnage
Engineering AG g Servizio svizzero di taratura
Zoughausstrasse £3, 8004 Zurich, Switzerland % ,'",'\N\_\\-’ S Swiss Calibration Service
Ascrediied by the Swiss Accrodation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories (o the EA
Muttilateral Agreement for the recognition of calibration certificates
ctiet  HCT (Dymstec) Cartificate No: D835V2-4d165_Novis
(CALIBRATION CERTIFICATE
|
j Otject DB35V2 - SN: 44165
Caltration procodure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Catbration date November 24, 2015

This calibration contficats documents the taceability to national standards, which reakze the physical units of measurements {S1).
The measutements and the unceraintins with confidence probabiity are given on the following pages and are par of the cardicate

Al calibrations have boen conducied In the closed laboratory facility: amaeronment tempariture (22 + 31°C and humidity < 70%

Caltraton Equipment used (MATE ontical for calibeation)

Primary Standards 0a Cad Data (Carificats No.) Scheduled Calbration
Powar meter EPM-4424 GB37480704 O7-Oct-15 (No. 217-02222; Qct-16

Powar sensor HP B451A US37292783 07-Oct-15 (No. 21 7-02222) Cct-18

Power sensar HP 8401A MY4100237 07-Oc1-18 (No. 217-02223) Oct-16

Astaronce 20 dB Aleauator SN BO6S (20k) O1-Ape-15 (No. 217-02131) Mar-18

Type-N mismatch combination SN: 5047 .2 / 08327 O1-Apr-15 {Na. 217-02134) Maz-16

Reterance Probe EX3I0DVI SN: 7346 30-Dec-14 (No. EX3-7348_Dec14) Doc-15

DAES SN 60 17-Aug1S (No. DAEA-G01_Augis) Aug 18

Secondary Standards 0¥ Check Date (in house) Schaduled Check

AF gunemator AAS SMT-06 a2 15-20n-15 {In housa chack Jun-15) In house cheak: Jun-18
Natwark Analyzer HP 8753E USI7TI60585 54206 18-0ct-01 (in houne check Oct-15) In heuse check: Oct-16

Sgnature
Calibeated by: Michant Webet Laboratory Technician IK&Y
Approved by Katjn Pokovic Tachnicai Manager %%

lnsued: November 24, 2015

This calinration certifcate shall not be reproduced except in full without wiittsn appoval of the laboralory
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Accredited by the Swiss Accrailntion Senvios (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sansitivity 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 te 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.

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

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

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

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

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

The ed uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The following parameters and catoulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C Mns 0,90 mho/m
Measured Head TSL parameters (220x02)'C 426:6% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nominal Hoad TSL paramaters nomalized to 1W 9.06 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL parameters normakized 1o 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 mhovm
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 for nominal Body TSL parameters normalized 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 10 1W 6.25 W/kg = 16.5 % (k=2)
Cenilicate No: DB35V2-44165_Nov15 Page 3of B
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5210Q-47jQ
Retum Loss - 26048

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780Q-88j0
Retum Loss -227dB

General Antenna Parameters and Design

I Electrical Delay (one diraction) I 1440 ns I

After long term use with 100W radiated powear, only a sfight 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 1o the dipole arms in order to improve maiching when [caded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length Is still
according to the Standard

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

Additional EUT Data

Manufacturad by SPEAG
Manutactured 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; Serial: 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 Stundard: DASYS (IEEE/IEC/ANSI C63.19-2011)

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

o DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 60.39 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

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

Maximum value of SAR (measured) = 3.03 Wikg

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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DASYS Validation Report for Body TSL

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

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

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

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

DASYS2 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 30.12.2014;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 17.08.2015
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

o DASYS52528.8(1222). SEMCAD X 14.6,1(7331)

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

Reference Value = 61.95 V/im; Power Drift =-0.02 dB

Pcak SAR (extrapolated) = 3.54 W/kg

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

Maximum value of SAR (measured) = 3.17 W/kg

-mn

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

Centificate No: DB3SVZ2-4d165_Nov15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Zeughausstrasse 43, 8004 Zurich, Switzeriand SN S  Swiss Calibration Service
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Accreditid by the Swiss Accrediation Service (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

Accreditation No. SCS 0108

Cartificate No: D1800V2-2d006_Jan16

[gAyBHAﬂON CERTIFICATE
Object D1800V2 - SN: 2d006
Calibeation procedusa(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Calibeation tatn January 22, 2018

This calibaation | doc 1he b ability to r , which realize the physical units of measuremants (S1)
The maasurements ant the uncentainties with confidence probability are given oo the folowing pages and are part of the cerdificate

All calibrations have been conducted in the cicsad laboratory 1aciity. environmeant lempertue (22 + 3)°C and humidity « 70%.

Calibestion Equioment used (MBTE critical for calibration)

This caltiration certificsto shall not be reproducad excapt in Tull without written sppeoval of ihe abaratory

Primary Standars 10 * Cail Date (Cartificats No.) Scheduled Culitration
Powar meter EPM-442A GBIT480704 07-0ct-15 (No. 217-02222) Oct-18
Powsr sansor HP 84814 US37292783 07-Dct-15 (No. 217-02222) Oct-186
Power sansor HP 84814 MY41082317 07-0ct-15 (No. 217-02223) Oct-16
Fitecence 20 dB Attaruator SN: 5058 (20x) 03-Ape-15 (No, 21702131 Mar-16
Type-N mismatch combmation SN 5047 2/ 08327 01-Apr-15 (No, 217-02134) Mar-16
Aelorence Probe EX30V4 SN 7348 31-D6c-15 (No. EX3-7349_Dect5) Dec-16
DAE4 SN: 601 30-0ec-15 (No. DAESEOT_Dact5) Dac-16
Secondary Standards 10 ¥ Check Date {in house) Scheduled Check
RF generator H&S SMT-06 100972 15-Jun-15 (in house chack Jun-15) In housa chocikc Jun-18
Notwock Analyzar HP 8753 US37300585 S4200 18:001-01 (in bouss check Oct-15) In house checke Oct-16
Name Function S
Cafbrated by, Mchaal Weber Laboratory Technician 2;7 “é ;
.
Approved by. Katja Pokovic Teochnicsl Manages

e

fssued January 24, 2016

Cantificate No: D1800V2-20006_Jan18

Page 1018

F-TP22-03 (Rev.00)

160 /193

HCT CO., LTD



-
ha- FCC ID: ZNFK200MT Report No: HCT-A-1606-F001-2

HCT CO,LTD
Calibration Laboratory of S,
! 3 % Soh facher Kaiibrierds
Schmid & Partner ! S Service sulsse d'étalonnage
Engineering AG % C  sarvitio svizzero ot tarsturn
Zeughausstrasse 43, 8004 Zurich, Switzerland Wy S Swiss Calibration Service
0 Bl
Atcrodiled by the Swiss Accreditation Sarvce (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices; Measurement Techniques®, June 2013

b) IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

Certficate No: D1800V2-20006_Jant6 Page20l8
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Measurement Conditions
DASY system configuration, as far as not iven on page 1.
DASY Version DASYS5 v52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mhao/m
Measured Head TSL parameters {220:02)"C 401 6% 1.39 mho/m =+ 6 %
Head TSL temperature change during test <05°'C — e
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wiy
SAR for nominal Head TSL paramsters normalized to 1W 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5.08 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 20.2 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220202)'C 53726% 1.52 mho/m + 6 %
Body TSL temperature change during test <05"C —-— -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.57 Wikg
SAR for nominal Body TSL parameters nommalized to TW 38.3 Wikg = 17,0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.2 Wikg = 16.5 % (k=2)
Centificate No: D1800V2-20006_Jan16 Page 30i8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformead to feed point 4650-68)
Retum Loss -221dB
Antenna Parameters with Body TSL
Impedance, transformed ta leed point UuITN-621K2
Retum Loss -213d8
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.208 ns |

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 10 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 1o the dipole arms in order to improve matching when loaded according 10 the position as explained in the
*Measurement Conditions® paregraph. The SAR data are not affected by this change. The overali dipole length is still

according to the Standard,

No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the

leadpoint may be damaged

Additional EUT Data
Manufactured by SPEAG
Manufactured on July 23, 2001

Certdicate No: D1800V2-2d005_Jan18
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DASYS5 Validation Report for Head TSL

T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: DI800V2; Serial: DISO0V2 - SN: 2d006

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

Medium parameters used: (= 1800 MHz; 6 = .39 S/m; & = 40.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12.2015;

Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601: Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASY52 52.8.8(1258); SEMCAD X 14.6.1((7372)

Date: 22.01.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=3mm, dz=Smm
Reference Value = 106.1 Vim; Power Drift = 0.04 dB
Pecak SAR (extrapolated) = 17.5 Wikg

SAR(I g) = 9.57 W/kg:; SAR(10 g) = 5.03 W/kg
Maximum value of SAR (measured) = 14,5 Wikg

-3.60

-1.20

-14.40

0dB = 14.5 W/kg = 11.61 dBW/kg

Cartificate No: D1800V2-2d006_Jan1d PageSol B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test La

boratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS00OV2 - SN: 2d006

Commu

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

Medium parameters used: f= 1800 MHz; o = 1.52 S/m; & = 53.7; p = 1000 kg/m’
Phantom section: Flat Scction
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration

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

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

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

Date: 22.01.2016

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

Measut

ement grid: dx=5Smm, dy=5Smm, dz=5mm

Reference Valve = 102.4 V/m:; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1

g) = 9.57 W/kg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14.4 W/kg

-3.60

-1.20

-10.80

-14.40

-18.00

0dB = 14.4 W/kg = 11.58 dBW/kg

Contificate No: D1800V2-2d006_Jan16 Page 7of 8
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Impedance Measurement Plot for Body TSL
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ca"bm‘loﬂ Lamtory Of .&‘\l.‘:‘;’.'/" K Schweirerischer Kalibrierdienat
Schmid & Partner SN S Service suisse d'étalonnage
Engineering AG g C  Sarvisto sviusies ot tarmiirs

Zoughaussirasse 43, 8004 Zurich, Switzeciand % ,'ﬁ\‘)? S  swiss Calibration Service
Accradited by the Swiss Accrediation Servics (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 10 the EA

Multilstoral Agrosment for the recognition of calibration certificates

cient  HCT (Dymstec) Certificate No: D1900V2-5d061_Apr16
CALIBRATION CERTIFICATE

Otiect D1900V2 - SN: 5d061

Calibeation procedureds) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Cadbration date Apnil 25, 2016

This calration centificats documants tha bilty to r tandards., which ronfize the physical units of measurements (51
The meas: vis and the ur with confidanca probalility are given on the lollowing pages and are part of (he cerificate.
All caibrations have been contucted n tha cicsed labaratory laciity, 0l lemperaiies (22 « 3)°C and humidity < 70%.

Calibration Equipmant used (MATE criscal for calibration )

Primary Standards 10 Cal Date (Certificate No ) Scheduled Calibrabion
Power meter NRP SN: 104778 08-Ape-16 (No. 217-02288/02289) Apri7

Power sansor NRP-291 SN 10524 06-Ape-18 (No. 217-02288) Apr17

Powes sansce NAP-Z01 S 108248 08-Ape-16 (No. 217-02289) ApedT

Flatersnce 20 4B Anenuator S 5058 (20K) 05-Apr-18 (No. 217-02292) AprAT

Type-N mismaich combination SN 5047 2/ 08327 05-Apr-18 (No. 217-02295) Ape17

Referencs Probe EX30V4 SN, T340 31-Doc15 (No. EX3-7346_Decis) Dec-16

DAE4 SN 601 30-Dec15 (No. DAES-801_ Dec15) Dec-10

Secondary Standards D Check Date (n houss) Scheduled Check
Power meter EPM-S42A SN: GB37480704 07-0ct-15 (No, 21702222} In house checic Oct-16
Power sensor HP 84814 SN. US37292783 O7-Oct-15 (No, 217-02222) In house check: Ocl-16
Power sensar HP B481A SN MYA109R317 07-0ct-15 (No. 217-02223) In house ehack: Oct16
AF gonorntor RAS SMT-08 8SN: 100872 15 Jun-15 {in house check Jun-15) In house check: Oct-16
Notwork Analyzor P 8783E SN US37300585 18-0c1-01 (1 heuse chack Oct15) In house check: Oct-10

Name Function

Sigrature
Calbrated by Mchaal Waber Labaratoty Technician /{”12)_
Apgroved by: Kaljs Pokowic Technical Managor %f 4

lssusd. Aptil 26, X116

This calibeation ceriicats shall not be reproducsd axcept in full mithout weitten approval of the laboratory

Certficate No: D1900V2-50061_Apr6 Page 1 0f8
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Calibration Laboratory of

4 Schweizerischer Kalibriesdienst
Schmid & Partner Service suisse d étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swisa Cafibration Service
Accredited by the Swiss Accreditation Servwee (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muttilaters! Agreement for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz2)",
February 2005

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

« Measurement Conditions: Further details are avallable from the Validation Report at the end
of the centificate. 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 fiat 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 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%.

Centificate No: D1900V2-5d061_Apri6 Page20of8
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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 = S mm
FW 1800 MHz = 1 MHz
Head TSL parameters
Thae following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220+02)°C 400+6% 1.37 mho/m =6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 9.53 Wikg
SAR for nominal Head TSL parameters normalized to 1W 38.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 501 Wikg
SAR fTor nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were appliad.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220=202)°C 529+6% 1.49 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 meaaured 250 mW input power 9.82 Wig
SAR for nominal Body TSL parameters normalized 10 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wkg
SAR for nominal Body TSL parameters pormalized to 1W 20.9 W/kg = 16.5 % (k=2)

Centificate No: D1800V2-50061_Aprt6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 8250+771Q
Retum Loss -221d8
Antenna Parameters with Body TSL
Impedance, transformed to feed point 4790+8B5)Q
Aeturn Loss -21.0d8
General Antenna Parameters and Design
[ Electrical Delay (one direction) [ 1.192 ns l

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected 1o the
sacond arm of the dipole. The antenna i therefore shon-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipoie arms n order 10 improve matching when loaded according 1o the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change, The overall dipole length is stifl

according to the Standard.

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

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

December 10, 2004

Certificate No: D1800V2-52061_Apr18
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DASYS Validation Report for Head TSL

Date: 25.04.2016
I'est Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54061

Communication System: UID 0 - CW; Frequency: 19 MHz

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

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

DASY352 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated; 31.12.2015;
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronicy: DAE4 Sn601; Calibrated: 30.12.2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

o DASYS5252.8.8(1258); SEMCAD X 14.6,1((7372)

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

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

Peak SAR (extrapolated) = 17.2 Wikg

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

Maximum value of SAR (measured) = 14.5 Wikg

-3.00
-71.60
-11.40

-15.20

-19.00

0dB = 14.5 W/kg = 11.61 dBW/kg

Certificate No: D1800V2-53061_Apr16 Page 5ol B
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 25.04.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Medium parameters used: = 1900 MHz; o = 1.49 S/m; £ = 32.9; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.03, 8,03, 8,03); Calibruted: 31.12.2015;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

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

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

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

Peak SAR {extrapolated) = 17.3 Wikg

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

Maximum value of SAR (measured) = 14.9 Wikg

dB
0

-3.80

-1.60

-11.40

-15.20

-15.00
0 dB = 14.9 Wkg = 11,73 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner A= 8 s dnfii diiecnagd
Engineering AG 7 C  Servizio svizzero ol taraturs

Zeughausstrasse 43, B004 Zurich, Switzertund % ,'ﬁ‘\_,\-’ S  swiss Calibration Service
Accrodited by the Swiss Accreditation Sendco (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Seevice is one of the signatories to the EA

Muttilateral Agroemant for the recognition of calibration certificates

ciem  HCT (Dymstec) Certificate No: D2450V2-965_Apr16
CALIBRATION CERTIFICATE

Otyect D2450V2 - SN: 965

Cabibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calbraton date April 19, 2016

This colitration cemlicata documents the traceabiity o national standards, which reaiae the physical units of measurements (51)
The messurements and the uncertainties with confidence probabilty e given on the following papas and ae pant of the cenificale
AR calibrations hove been corducied in tha cosed laboratory tacility: ervironment Tomperature (22 = 3)°C and humidity < 70%

Calvration Eguipment used (MATE criical lor cafitvation)

Primary Standards 10 & Cal Dute (Centificale No.) Schadued Calraion
Power meter NHRP SN: 104778 06-Apr-16 (No. 217-02288/022489) Apr-17

Powar ssrsor NRP-231 SN 103244 06-Ape-16 (Na, 217-02288) Apt17

Power sensor NRP-Z81 SN 103245 06-Ape-16 (No. 217-02269) Apr-17

Fotarence 20 dB Attenuior SN 5058 (20k) 06-Ape-16 (No. 217-02292) Apr1?

Typo-N miamatch combinstion SN: 5047 .2/ 08327 05-Apr-16 (No. 217-02285) Ape-17

Rateronce Probe EXI0V4 SN 7346 31-Dec-16 (No. EX3-7H0_Dec15) Dec-18

DAES SN 601 30-Doc-18 (No. DAEA-601_Dec’s) Dec-18

Secondary Standards 1D # Check Date (in houso) Schedulad Chock
Powar moter EPM-442A 5N: GB37480704 07-0ct-15 (No. 217-02222) In house check: Oct-16
Powar sensot HP 8481A SN: US37292783 07-0ct-15 (No. 21 702222) In house check: Oct-16
Powar sensor HP B481A SN: MYA1092317 O7-0u1-15 (No. 217-02223) In house cheow: Oct-18
AF generator RAS SMT-00 SN: 100972 15-Jun-15 (in house chock Jun-15) In house check: Oct-16
Notwork Anatyzer HP §753E | BNC UIS37300585 18:001-01 (in house check Oct-15) In housa check: Oct-18

MName Function

Synature
Calbrated by: Michasl ‘Weber Labaratory Technician //mf)—'
Approved by Katia Pokavic Technical Managse /6%4/

Issued: Aped 20, 2016

This calibration certicate snall not be reproduced except o full wahout weitten spproval of the Wboralory.
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Schmid & Partner oS G Service suisse detalonnage
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Zoughausstrasse 43, BO04 Zurich, Switzerland T o S Swiss Calibration Service
QR
Accredited by ths Swiss Accrediaion Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitaterni Agreement tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 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 8 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Canificate No: 12450V2-865_Apr16 Page20f 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mho/m
Measured Head TSL parameters (220=02)°C 400+68% 183 mho/m =6 %%
Head TSL temperature change during test <05'C —_— —_
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 127 Whg
SAR for nominal Head TSL paramelers normalzed to TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 W/kg
SAR for nominal Head TSL parametars normalized 1o 1W 23.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations wese applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20C 52.7 1.95 mho/m
Measured Body TSL parameters (220+02)"C 527 28% 1.98 mho/m = 6 %
Body TSL temperature change during test <05"C — e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input pawet 124 Wikg
SAR for nominal Body TSL parametars normalized to 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Wy
SAR for nominal Body TSL parameters nommalized to TW 23.0 Wikg = 16,5 % (k=2)

Certificate No: D2450V2-865_Apri6
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 546101+38)Q
Aeturn Loss -248dB
Antenna Parameters with Body TSL
\mpedance, transtormed to feed point 51.0Q+59(Q
FAeturn Loss -24508
General Antenna Parameters and Design
[ Electrical Delay (one direction) ] 1162 ns

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

The dipole is made of standard semirigid coaxial cabie. The center conductor of the feeding line is directly connected to the
second arm of the dipote. The antenna is therefore short-circuited for DC-signals. On some of the dipoies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the position as explained in the
“Maasurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipoie length is still

according to the Standard,

Na excessive lorce must be applled 1o the dipole arms, because they might bend or the soldered connections near the

feedpoint may be darmaged.

Additional EUT Data

Manufactured by

SPEAG

Manutactured on

November 19, 2014

Contificate No: D2450V2-865_Aprié
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DASYS5 Validation Report for Head TSL

Date: 19.04.2016
Fest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 965

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

Medium parameters used: = 2450 MHz; o = 183 S/m; & = 40; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
o Probe: EX3DV4 - SN7349; ConvFi7.76, 7.76, 7.76); Calibrated: 31,12.2015;
o  Sensor-Surface: 1 4mm (Mechanical Surface Detection)
» Elcctronics: DAE4 Sn601:; Calibrated: 30.12.2015
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Senal: 1001

o DASYS252.8.8(1258), SEMCAD X 14.6,1(0(7372)

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

Reference Value = 112.4 V/im; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 25.6 W/kg

SAR(] g) = 12.7 W/kg: SAR(10 g) = 5.89 Wikg

Maximum value of SAR (measured) = 20.7 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0 dB =207 W/kg = 13.16 dBW/ke
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 19.04.2016

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: [ = 2450 MHz; 0 = 1,98 S/m; &= 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349: ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30,12.2015

Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

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

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

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

Peak SAR (extrapolated) = 24.7 Wikg

SAR(I g) = 12,4 W/kg: SAR(10 g) = 5.78 W/kg

Maximum vilue of SAR (measured) = 20.0 W/ikg

dB
0

-5.00

-10.00

-15.00

-20.00

-25.00

0.dB = 20.0 Wk = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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HCT CO,LTD
Calibration Laboratory of S, Schweizeriacher Katibrierdienst
Schmid & Partner —— Service suisse d'étalonnage
Engineering AG %f_ = Servizio svizzero dl tarnturs
Zoughausstrasse 43. BODM Zurich, Switzertand ’v.,,ﬁ y‘ Swiss Calibration Service
iyl

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Cliomt

HCT (Dymstec)

Cartificate No: D2600V2-1106_Feb16

CALIBRATION CERTIFICATE

Obyoct

Calraton procoedine(s)

Calvabon date

D2600V2 - SN: 1106

QA CAL-05.v9

Fabruary 18, 2016

Caiveation Equipment used (METE critical Tor calibention)

This caidration certilicale documants the tracsabiity 1o national standardy, which realize the physicod units of measurements (S1)
The muasiremants and the uncertanties with confidence probability are given on tha Sollowing pages and are pan of the centicate

All catbrations have bean conduciad In the cosad labamioey facility: anveonment lemperaiure (22 + 3)°C and humidity < 70%.

This casbration cartificate shal not be reproduced except i full without writtan approvil of the laboratoty,

Primary dards D Cal Date {Cantficate No ) Seheduied Calibeation

Power meter EPM-442A GRIT4R0704 07-0c15 (No. 217-02222) x1-16

Power sensor HP B481A USaraae7as 07.0ct-15 (No. 21702222) Oct18

Power sensor HP 84814 MY41092m7 07-Oct-15 (No. 217-02223) Oct-18

Reterence 20 dB Atlenuutor SN: 5058 {20K) O1-Apr15 (No. 217-0213y) Mas-16

Type-N mismatch combination SN: 50472 7 06327 03:-Apr-15 (No. 217-02134) Mas-16

Ratorwnoe Probe EX3DV4 SN: 7340 31-Dec-15 (No. EX3-7349 Dec15) Dec-186

DAE4 SN a0 30-Doc-15 (No. DAEL401_Dec15) Deoc-16

Sacondary Standards 10 ¥ Check Date (n housa) Scheduled Chack

RF generator RAS SMT-08 100872 15-Jun-15 (0 house check Jun-15) in house check: Jun-18

Notwork Anplyror HP 87538 USS7390585 54206 180101 (in houseo check Oct-15) In house chock: Oca-18
Name Function

Calibrsted by Claudio Laublos Laboratory Tachnicisn

Approved by Katja Pokovic - Technical Manager % @/;

lssuod: Februnry 10, 2016
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Zoughausstrasse 43, 8004 Zurich, Switzerland % o S Swiss Calibration Service

Accrediiod by Ihe Swiss Accraditation Sendce {SAS) Accreditation No.: SCS 0108

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

Multitateral Age for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

Centificate No: D2600V2-1106_Feb16 Page2ol 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Aavanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Froquency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 38.0 1.96 mho/m
Measured Head TSL parameters (220+0.2)°C 38126% 2.01 mho/m 2 6 %
Head TSL temperature change during test <05°C - -
SAR result with Head TSL
SAR averaged over T em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.0 Wikg
SAR for nominal Head TSL parameters normalized to 1W 55,1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 519 Wikg
SAR for nominal Head TSL parameters normatized to 1W 24.5 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220%C 525 2.16 mho/m
Measured Body TSL parameters (220+02)°C 52526% 218 mhom = 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
SAH measured 250 mW input power 13.4 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 594 Wikg
SAR for nominal Body TSL parameters normalized to 1W 23.7 Wikg = 16.5 % (k=2)

Cenificate No; D2E00V2-1106_Feb16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancs, transformed to feed polm 4B50-730
Heturn Loss ~ 22798
Antenna Parameters with Body TSL
Impedance, transformed to feed point 44BQ-60/
Retum Loss -215d8
General Antenna Parameters and Design
LElochical Dalay (one direction) ] 1.150 ns _]

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

The dipole i made of standard semiriged coaxial cable. The center conductar of the feeding line is directly connected to the
sacond arm of the dipole. The antenna is therefore shon-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 acoording to the position as oxplained 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 10 the dipole arms, because they might band or the solderad connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufacturad on

February 18. 2015

Certificate No: D2600V2-1106_Feb1s
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DASYS5 Validation Report for Head TSL

Test Labormtory: SPEAG, Zurich, Switzerland

DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1106

Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: [ = 2600 MHz;, 0 = 2.01 S/m; g.=38.1; p = 1000 kg_'/mI
Phantom section: Flat Section

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

DASY352 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.49, 7.49, 7.49); Calibrated: 31.12.2015;

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

DASYS52 52.8.8(1258); SEMCAD X 14.6.1(7372)

Date; 18.02.2016

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement gnd: dx=Smm, dy=5Smm, dz=5mm
Reference Value = 113.4 V/m: Power Drift = 0.04 dB
Peak SAR (extrapolated) = 29.4 Wikg

SAR(1 g) = 14 W/kg; SAR(10 g) = 6.19 W/kg
Maximum valoe of SAR (measured) = 23,1 W/kg

Cartificate No: D2600V2-1106_Feb16 Page 5ol 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

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

Medium parameters used: { = 2600 MHz: 6 = 2,18 §/m; & = 52.5; p = 1000 kg/m”
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.6, 7.6, 7.6); Calibrated: 31.12.2015;
« Sensor-Surface: 1 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn60)1; Calibrated: 30.12.2015
¢ Phantom: Flat Phantom 3.0 (back). Type: QDOOOPSOAA; Serial: 1002

« DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 14,1 V/m: Power Drift =0.05 dB

Peak SAR (extrapolated) = 27.7 W/kg

SAR(I g) = 13.4 W/kg: SAR(10 g) = 5.94 W/kg

Maximum value of SAR (measured) = 21.2 W/kg

dB
0

-4.82
-9.64
-14.46
-19.28

-24.10

0dB =212 W/kg = 1326 dBW/kg
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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) 2450 -2 700
Tissue Type Head Body Head Body Head Body Head Body
Water 41.1 51.7 40.45 53.06 54.9 70.17 71.88 73.2
Salt (NaCl) 14 0.9 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 47.2 57.0 44.9 0.0 0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether - _
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

Triton X-100(ultra pure):

Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether

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

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

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

orobe Probe. . Dielectric Parameters CW Validation Modulation Validation
Type Call;t:)riittlon Dipole Date Measured = Measured Sensitivity 'Prob'e.J Probe MOD. | Duty PAR
Permittivity Conductivity Linearitylsotropy Type |Factor

8 3967 [EX3DV4 | Head | 750 | 1014 |2015.12.28 41.8 0.91 PASS PASS | PASS | N/A | N/A | N/A
8 3967 [EX3DV4 | Body | 750 | 1014 |2015.12.30 55.3 0.97 PASS PASS | PASS | N/A | N/A | N/A
8 3967 [EX3DV4 | Head | 835 | 4d165 | 2015.12.28 41.2 0.9 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Head | 835 | 4d165 | 2015.12.28 41.2 0.9 PASS PASS | PASS | N/A | N/A | N/A
8 3967 [EX3DV4 | Body | 835 | 4d165 | 2015.12.30 55.1 0.98 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Body | 835 | 4d165 | 2015.12.30 55.1 0.98 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Body [1800| 2d006 | 2016.02.08 53.1 15 PASS PASS | PASS | N/A | N/A | N/A
2 1609 [ET3DV6 | Head |1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS |[GMSK|PASS | N/A
1 3863 [EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS | N/A | N/A | N/A
1 3863 [EX3DV4 | Head [1900| 5d061 | 2016.05.09 39.9 1.41 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS |[GMSK|PASS | N/A
8 3967 [EX3DV4 | Body [1900| 5d061 | 2016.05.10 53.1 151 PASS PASS | PASS | N/A | N/A | N/A
8 3967 |EX3DV4 | Head [2450| 965 |2016.05.02 39.1 1.78 PASS PASS | PASS |[OFDM| N/A |PASS
8 3967 [EX3DV4 | Body [2450| 965 |2016.05.03 52.4 1.96 PASS PASS | PASS [OFDM| N/A |PASS
8 3967 |EX3DV4 | Head [2600| 1106 |2016.03.07 39.2 1.94 PASS PASS | PASS | NA N/A | NA
9 3967 [EX3DV4 | Body [2600| 1106 |2016.03.08 52.1 2.12 PASS PASS | PASS | NA N/A | NA

SAR System Validation Summary 1g

Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,
such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
DO01v01r04.
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