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FCC ID: ASLSMJ701F

Report No.: HCT-A-1706-F002-3

HCTCO.,LTD.
Calibration Laboratory of o \"\'""v S Schwais Keabrierdh
Schmid & Pariner —— C Service suisse detalonnage
Engineering AG g Servizio svizzero di taratura
Zoughaunstrasse 43, 1004 Zurich, Switterland ‘QV”@; 3 S guiss Catibration Service

Accrediled by the Swiss Accreditaton Sarvice (SAS)
Tho Swias Accreditation Sarvice is one of the signatories 1o the EA
Muttiateral Agreement for the recognition of calibration certificates

CALIBRATION CERTIFICATE acement of No: EX3-3967_Nov16

Accreditation No.: SCS 0108

Gyect EX3DV4 - SN:3967

Caltration procedurs(s) QA CAL-01.v8, QA CAL-12.v0, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6.
Calibration procedure for desimelnic E-field probes

Cattraton tate Decamber 14, 2016

Thum caltiraton certificate cocuments (e 10 Patons , witich realize the phy wuntts of e 50
The mesturemants and the uncertainbes with confdance probiabiley ane given on the otiowing pages and are pan of the cendcale

Al caltbrations have bean conducted in the dosed tab y ity e (22 = 3)°C andd humidity « T0%

Calisrmtion Equipmnt used (MATE criteal for calibratian)

Pimary Sandans D | Cal Date {Cortficate Na ) Scheauted Cabbraon

Powst meter NRP SN 104776 | D6-Apr-16 (No. 217-02288/02269] Api-17

Power sanscr NRP-Z91 | SN 105244 06-Apr-16 (No. 217-02288) Ape A7

Power sensor NRP-Z91 | SN 103246 06-Apr-16 (No, 217-02266] _ ApraT

Redainnce 20 o5 Altenuntor SN 55277 {204) 05-Ape-18 (No. 217-02263) ApeA7

Rederence Probe ESI0V2 SN 0013 31-0ec-15 (Nu £53-3013_Dec15) Dec-16

DAE4 SN. 660 23-Dec-15 (No. DAE4-G00_Deci5) Dec-16

Secontary Standarts 10 Chock Date (n house) Schedulad Check

Powsr meter E44 166 SN GBA12603674 06-Ape-16 (1 house check Jun-16) In bouse check Jun-18

Power persor E4412A SN: MY41498067 06-Apr-18 (i house check Jun-16} In houne chock: Jun- 18

Power sensor E4412A SN. D00%10210 06-Apr-16 (0 house check Jun-16) In house check: Jun-18

RF genecatar HI* BE4BC SN USIS42001 100 Od-Aury-3 [0 housa chock Jur-16) _In house check Jun-18

Network Analyssr HP 8753E | SN USI7300635 13-0ct-01 {in house check Oct-18) I house check; Oct- 17
Naine Functon

Galibrated by: Juton Kestrus Labocatary Techrician a S, lV/r

Approved by Kat Pokewie

Tochrcat Margor %@,

1ssued Decernber 14, 2010

Thes catbrabon cemficate shall not be reproduced exceot In fll without witten sopraval of the labotstary
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HCTCO,,LTD.

Calibration Laboratory of FQYs? Scirwaizorischor Kallbrierdi

Schmid & Partner a— (s: Sorvice sulsse d'étalonnage
Engineering AG % o i o s

Zoughausstrasse 43, 8004 Zurich, Switzertand ’.‘ "ﬁ.‘,\y S Swins Calibeation Service

Acorudsed by the Swiss Accredtaton Senvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Agroement for the recognition af calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx,y.2 sensitivity in free spaca

ConvF sensitivity in TSL / NORMx.y.z

pce diode comprassion point

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

A BCD modulation dependent knearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 8 rotation sround a&n axis that is in the plana normal to probe axis (8t measurament center),

La, B =0 isnormal to probe axis
Cannector Angle information used in DASY system 1o align probe sensor X to the robot coordinate systom

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, “IEEE Recommended Practice for Detormining the Peak Spatinl-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communicstions Devices: Measurement
Tochniques”, June 2013

b) |EC 82208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the sar (frequency range of 300 MMz to 3 GHz)", February 2005

c) [|EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximay to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMy.y.z: Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cell, f> 1800 MHz: R22 waveguide),
NORMy.y,z are only intermediate values, Le., the uncenainties of NORMx,y,z does not affect the E”-field
uncenainty inside TSL (see below ConvF)

o NORM(Nx.y.z = NORMx.y,z * frequency_response {see Frequancy Response Chart), This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
In the stated uncenainty of ConvF.

e DCPx,y,z- DCP are numerical inearization parameters assessed based on the data of powsr sweep with CW
signal (no uncerainty required). DCP does not depend on frequency nor media,

* PAR: PAR Is tha Peak 1o Average Rato thal Is not calibrated but determined based on the signal
characteristics

o Axyz Bryz Cxyz Dxyz VRyyz A B, C, D are numerical inearization parameters assessed basad on
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS voltage across the diode,

* ConvF and Boundary Effect Parameters: Assassed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguxde using anaiytical 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. Thase parameters are
used in DASY4 software to improve probe accuracy close 10 the boundary. The sensitivity in TSL comesponds
to NORMz.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency
ConvF is used in DASY version 4.4 and higher which aiows extending the validity from £ 50 MMz to £ 100
MHz

«  Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna,

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

« Connector Angle: The angle is assessed using the Information gained by datermining the NORMx (na
uncerngainty required)

Centificata No: EX3-3967_Dec1 Page 2of 11
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HCTCO,,LTD.

EX30V4 - SN 3067 Decamber 14, 2018

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 14, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ system!)

Certificate No. EX3-3967_Dec16 Page 30f 11
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HCTCO,,LTD.

EXI0V4- SN 3067 Deceomber 14, 2010

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

Basic Calibration Parameters

} Sensor X Sensor Y Sensor Z Une (k=2)
g A 7 ;
| Noem (WWAVImYY” | 053 0.40 047 101 % |
{DCP (mV) 993 99.1 100.0
Modulation Calibration Parameters
| Uip | Communication System Name A B c D VR Une'
i |__ 98 |d8vyv | | d8 | mv | (x=3) |
0 [ oW x| 00 | oo | 1o | 000 | 7438 | +30% |
I Iyl oo 00 | 10 143.7

— 2| 00 | 00 | 10 1833 |

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 uncaraeetes of Nomn X Y,2 do mot affect the E' Seld uncenainty inside TEL (see Pages 5 and B)

* Numencal linearization parameder uncertainty nol tequired

" Uncertarty m determined 1ming the max devation fom Snasr responme spphing rectanguiar detribution and is axpressed for the squane of the
field vator

Centificate No: EX3-3967_Dec16 Page 4 ol 11
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HCTCO,LTD.

EX30VA- SN3067 December 14, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relotive Conductivity Depth” Unc |

FMHZ)© | Permittivity” (Sim)* ConvF X | ConvF Y | ConvFZ | Alpha® | (mm) tk=2) J
150 523 0.76 12.93 12.93 12.93 0.00 100 | 2133% l
300 453 0.87 12.08 12.08 12.08 0.10 120 | $13.3%
450 435 0.87 11.12 ' 11.12 1112 | 018 120 | £133%
750 419 089 10.53 | 10.53 10,53 j 0.56 0.80 £120%
835 415 0.90 10.07 10.07 1007 043 0.80 £120%
900 415 087 0.94 004 | 904 | 0850 | 081 | $120%
1450 405 120 | 848 8.48 848 042 | 080 | £120%
1750 401 1.37 844 544 8.44 031 | 080 | £120%
1900 | 400 | 140 8.22 822 | 82 037 | 080 | $120%
2300 395 1.67 7.4 7.74 7.74 0.35 080 | £120%
2450 38.2 1.80 7.48 7.48 748 0.34 085 | £120%
2800 39.0 1,98 7.23 7.23 723 | 040 0.86 +120%
3500 37.9 291 7.41 7.41 7.41 048 085 | £131%
5250 359 471 5.49 : 549 549 0.30 150 | £131%
5600 355 5.07 4.78 4.78 478 0.40 180 | £131%
5750 354 522 5.09 5.08 5.08 0.40 180 | 2131%

! Freguency validity sbove 300 MHz of = 100 MHz onty spptes for OASY vt 4 and higher {see Page 2). eise i is restricted 10 2 50 MHL. The
urcertainty 1 the RSS of tha ConvF uncerainty af calibration freguency and the uncertainty far the indicated freguency band. Freguency validay
befow 300 MHz i ¢ 10, 25, 40, 50 and 70 MMz far Coré asasssmants st 30, 64, 128, 150 and 220 MHz respectively Above 5 GHZ requency
validity can be extanted 10 = 110 MMz
' At froguencies below 3 GHz, the valdiy of lissue patemetens (¢ 300 o) Can bo relixed (o + 10% # Sgud compensation foemula s applied to
measured SAR valuss. Al frequenciou above 3 GHe. the validity of 1saos pacamelens (¢ snd o) W restricied 10 & 5%, The uncertainty & the RSS of
NOomF mymmmwwwm
d during SPEAG warmants that the emaining deviation due to the doundary effect after compensstion &
My:bnlrnnx 1% for freguancies telow 3 GHz and below £ 2% for frequencies between 340 GHz at any distance \wgse Bhan hall the probe tp
dameter rom the bouncary

Certificate No- EX3-3967_Dec16 Page Sof 11
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HCTCO,LTD.

EX30Va- SN 3967 Docembor 14, 2010

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

Callbration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity Depth © Uine
.3,@_&) Permittivity " {Sim)" ’ ConvFX | ConvFY | ConvFZ | Alpha®| (mm) | (k=2)
150 619 0.80 ‘ 12.24 12.24 1224 0.00 1.00 +133%
300 58.2 092 | 1189 | 1189 | 1189 | 005 | 115 | s133%
450 56.7 094 | 1182 | 1382 | 1182 | 008 | 115 | £133%
750 555 096 | 979 9.79 979 | 035 | 107 | +120%
835 55.2 087 | ee2 962 962 | 035 | 098 | s120%
1750 53.4 149 8.19 8.19 819 | 043 | 080 | £120%
1900 533 152 7.87 7.87 7.87 043 0.80 +120%
2300 52.9 181 7.68 7.68 768 | 048 | 080 | £120%
2450 52.7 1.95 749 749 749 | 038 | 080 | 2120%
2600 525 216 7.28 7.28 728 | 037 | 080 | £120%
3500 51.3 3.31 682 | 682 882 | 053 | 079 | 2131%
5250 489 538 471 471 471 | 040 | 1900 | s131%
5600 48.5 5.77 4.00 4.00 4.00 0.50 190 2131 %
5750 483 5.94 424 424 424 | os0 | 180 | s131%

Fm.cyvmmmmoumoulwunummhmvuamnqumpmm eulnmlmmzsomu The
uncedanty i the RSS of the ConvF uncertainty of caibeation freg y and the L ty for the y band. Freguency vakaty
Delow 300 Mz 15 ¢ 1025, 40, somroumut;awrmmunw B4, 128, ISOlm?meim'y Above 5 GHz freguency
warlichty can be sxtended 10 ¢ 110 MH2
“ At froquoncies beiow 3 GMz. the valdiy of litsue parsmeten (x 80d o) can be relsxed 10 = 10% If liquid compensation & da s a0
massuted SAR values. Al requencies above 3 Gz, the validity of Sssue porametnr s {c and a) is restricied fo & 5% The uncertainly o 1he RSS of
tha ConvF whmmnmmw

“ Alpha/Degpth are SPEAG warrants that e romainng OSvanon ¢ue 19 e y otfect ater [
slwarys less than = mhmwmmmmm;avmb«muum-wmmmmmmw
Gameter from the boundary.

Cenificsts No. EX3-3967_Dec18 Page Bof 11
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EXJIOV4- SNIOET Docomber 14, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Cenificate No. EX3-3967_Dectfi Page 7 of 11
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EX30DV

/4- SN.3567

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz,R22

December 14, 2014
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
sedificate No: EX3-3967 Doct6 Paga 8 of 11
F-TP22-03 (Rev.00) 109 /214 HCT CO.,LTD.



paCT

HCTCO,,LTD.

FCC ID: A3LSMJ701F

Report No.: HCT-A-1706-F002-3

10
o 10¢
2 10

0

10

—

A

al

Certilicale No: EX3-3867 _Dect

December 14, 201¢

Dynamic Range f(SARcaq)

(TEM cell , fouu= 1900 MHz)

»
~ |
v
.
H
»
r
7
%
»
v
v
F
.
¥
»
.
.
10 10 1o 10 10 0%
SAR [mWicm3)
o] o]
not compensated cOmpensaled

e i e e S S Sy
-

3 1
SAR [mW/emd|
.| °

not compansutec IMPeNSMN0

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO.,LTD.

EX3DV4A- SN:3967 Decamber 14. 2016

Conversion Factor Assessment
I=835 MHz WGLS R9 (H_convF) f= 1800 MHz WGLS R22 (H_convF)
1 7
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
10 L8 08 04 D2 00 g2 04 08 0e 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cenificate No: EX3-3967_Doc1d Page 10 of 11
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HCTCO,,LTD.

EX3DVA- SN.3067 Decamber 14, 2018

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

Other Probe Parameters

[ Sensar Arrangement Triangular

[Connector Angie (') 27
[ Mechanical Surface Detection Mode [ enabled |
| Optical Surface Detection Mode | disabled
[‘Probe Overall Length | 437 mm
Probe Body Diamater | “10mm |
| Tip Length = [ gmm |
[ Tip Diameter 25mm
Probe Tip 10 Sensor X Calibration Point S | 1mm |
[Probe Tip to Sensor Y Calibeation Poit 1 mm |
| Probe Tipto Sansor Z Calibration Point | i mm |
|
| Recommended Measurement Distance from Surface — 1 t4mm|
Certificata No. EX3.3967_Dec16 Page 110 11
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FCC ID: ASLSMJ701F

Report No.: HCT-A-1706-F002-3

HCTCO,,LTD.
Calibration Laboratory of Schwelzerischer Kallbrierdienst
Schmid & Partner 8 Sarvice suisse d dtalonnage
Engineering AG C sarvisto sitimern o sessturs
Zeughousstrasse 43, 8004 Zurich, Switzarand S Swiss Calitwation Service

Acrediad by he Swmss Accedeahion Sennce (SAS)

Accreditation No.: SCS 0108

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

Caltaton Equipment used (MBTE crical for calibration)

This calitration cartficate docamernts the iracesbilty 10 nesonsl siaadards, which reziae the physical units of mesaursmonts (S()
The messuremants and (e uncertantins with conficance probabilty are gven on the following pages and ars part of the contificate.

Al calbratons have been condutded & the dosed labormury faciity; envronment femperaturs (22 < 35°C and humisty < 70%

Standards LL3] Cail Datu (Canficate No | Schedited Cattraton
| Power mater NRP SN 104778 06 Apr-16 (No. 217.02288102289) | Apr-17
Power sensor NRP-291 SN 103244 06-Apr-16 (N 217-12288) ApriT
Power sensor NRP-291 SN 103245 G6-Ap 18 (No. 217-02288) Apr-17
boronce 20 (8 Attenuator SN 55277 (20%) 05-Apr- 18§ (Na. 217-02263) Ape1T
Rederence Proe ESIOV2 Sh- 3013 31-Duc-10 (No ESS-3013_Decld) Dec-17
DAE4 SN: 660 7-De0-18 (No: DAES-680_Dec16] Doc-17

Sancads 0 Check Oate (n house) Scrmeued Check

Power muter E42108 SN GBA1233874 00-Apr-16 (In house check Jun-16) In housa chode Jun-16

Power sensor E4412A SN MY41455087 06-Apr-18 (in house check Jun-16) in house chack. Jun-18

Power sensor E44124 SN 000110210 06.Apr-10 (in houss check Jun-16) In house check: Jun-18

__RF genoratar HP 88480 SN: LS3842001700 04-Acg 9 (in howse check Jun-16} | In house check: Jun-18

| Network Analyzot HP 87636 | SN USI7300635 18.0ct-81 (in hause check Oct-16) In house check: Oct-17

Thes catbraton certdcate shal not be d

Functon

D d excapt in full without wiitien apgrovel of the laboratary

Cerlificats No: ET3-1630_Feb17

Page 1 of 11
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hC'- FCC ID: A3LSMJ701F Report No.: HCT-A-1706-F002-3

HCTCO.,LTD.
Calibration Laboratory of 4\.».-@;-,4 s sen Kallbilerds
Schmid & Partner 3 2 c Service sulsse d'italonnage
Engineering AG % — Servizio svzzoro & taratura
Zoughausstrasse &3, 3004 Zurich, Switzortand R S guins Calibration Service
sl
Aczreding by tha Swiss Accreditation Seryice (SAS) Accreditation No,: SCS 0108

The Swiss Accreditation Service ts one of the signatories to the EA
Muitiaternl Agreemant for the recognition of calibration centificates

Glossary:

TSL tissue simulating lquid

NORMxy.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

Dce dioda compression point

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

ABCD modulation dependant linearization parameters

Polarization ¢ Wp rotation around probe axis

Polarization 4 4 rotation around an axis that is in the plane normal 10 probe axis (at measwement canter),
Le., B =0 s normal to probe axis

Connactor Angle information used in DASY system 10 align probe sensor X to tha robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz lo 3 GHz2)", February 2005

c) IEC 62208-2, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency rangs of 30 MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz 10 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMvxy.z: Assessed for E-fisld polarzation 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y.z a¢e only intermediate values, L., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL {see below ComvF)

o NORM{Nx.y.z = NORMx.y.z * frequency_respanse (sea Frequency Response Chan). This linearization is
implemonted in DASY4 software versions later than 4.2 The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

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

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

o Axyx Bryr Cxyz Dryz VRxy.z A B, C, D am numaerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed In RMS vollage acress the diode

« ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for f < BOO MHz) and inside waveguide using analytical field distributions based on power
measuremants for { > 800 MHz The same setups are used for assessmant of the parameters apphed for
boundary compensation {alpha, depth) of which typical uncertainty values are given. Thase parameters are
used in DASY4 softwars to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMy.y.z * ConvF whateby the uncertainty cormesponds to that given for CanvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the vahidity from + 50 MHz to = 100
MHz

o Spherical isotropy (30 deviation from isotropy): in a field of low gradients realized using a fiat phantom
exposed by a patch antenna

« Sensor Offset; The sensor offset corresponds to the offset of virtual measurement canter 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
uncertinty required),

Certificats No: ETI-1630_Fabt? Page 20l 11
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HCTCO,,LTD.

ET30VE - SN-1630 February 27, 2017

Probe ET3DV6

SN:1630

Manufactured: October 12, 2001
Calibrated: February 27, 2017

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systam!)

Centificato No: ET3-1830_Feb17 Page 3ot 1N
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HCTCO,,LTD.

ET3IDVE- SNI1EX February 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Basic Calibration Parameters

Sensor X Sensor ¥ [ ‘Sensor Z [ Unc(k=2) |
| Norm (uVA(Vim)'})" .73 1.41 EELA +10.1% |
[DCP (mv)” 9.2 %94 100.3 '
Modulation Calibration Parameters o
| uin Communication System Name A B c | o VR Unc"
U - | | e loevpv| | 98 | mv | (=2
[0 CW X| o0 | 0o 10 | 000 | 2424 | #33%

’ . v oo | oo 10 2346
i Z | o0 | oo 10| 228 1

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 @ coverage

l probability of approximately 95%

* The sncertartien of Noem XY .2 00 ned stfect the E”* diek unoertarty inside TSL (see Paged 5 and 6)
¥ Numericsl insanzation parameter: unoetainty not requined

* Uncartainty Is determined using the mae. deviation from lineds respense apolying rectangur astniuton and 15 expressed far e squan of the

] yilue
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HCTCO,,LTD.

ET3IDVE- SN1630 Februaty 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Une

f(MHz)® | Permittivity” | (Sim)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2}
750 41.9 | o089 7.74 7.74 7.74 0.63 188 | £120%
835 415 [ 0.90 7.26 7.26 7.26 0.72 1.75 | $120%
800 41.5 | o087 | 707 7.07 7.07 0.38 240 | £120%

| yam0 40.5 120 | @17 817 617 0.72 197 | £120%

1750 40.1 1.37 5.91 581 | &1 | o 211 | £120%
1900 40.0 1.40 5.65 565 565 | 074 | 218 | £120%

¥ Frequenty validity above 300 MMz of = 100 Miz only applies for DASY va 4 orid higher (see Page 2). oise it is restictod 10 = 50 Mz The
uncenainty s ihe RSS of the ConvE uhcertainty st caltvaton freguency and the uncerainty for the indcated frequancy band. Frequency valdty
below 300 MHz is 1 10, 75, 40, 50 and 70 MHz for ConvF assessments it 30, 64, 128, 150 and 220 MHz respectvely. Atiove 5 GHz frequency
vakaty can be sxended 1o 2 110 M
" At Roquences below 3 GHz, the valdity of issuo paramesers (c and ) can be relexed (o = 10% ¥ igud compensason formeka s apphed 10
maasuad SAR vales. Al frequences above 3 GHz. the validity of fssun paramatars (¢ 30 o) @ restrcted fo £ 5% The uncenaity & the RSS of
1 ConvF uncentainty for indicaled target fiss08 parametess

AlphalDepth are determined turng callbration. SPEAG warrants that the romaiming deviation due 10 the boundary #ffact afar compensation in
aiwiiyn leus than = 1% for frequencies betow 3 GiHr and below & 2% for freguancies batween 3-6 Gz ul any Gistance larger than Ralt the prode B0
dasmeter o thi Dourdary
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HCTCO,LTD.

ET3DVE- SN1630 February 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Calibration Parameter Determined in Body Tissue Simulating Media

| " 1 4 b L N—

| rurn)® | pormitity” | (Sim)" | ConvEX | ConvEY | Convez | Atpha® | (mm) et

| 750 55.5 0.96 6.91 691 | 6.9 0.58 185 | £120%
835 55.2 0.87 6.73 6.73 6.73 061 | 183 | £120%
1750 534 | 149 528 528 528 0,80 J__;.« £120% |
1900 | 53.3 1.52 507 5.07 507 | 080 | 245 | £120%

Frecuancy vaddity above 300 MHz of 1 100 Mz only sppies Tor DASY 4.4 ana higher (3e0 Page 2). etse £ o realriiiad 10 + 50 MHL Tw
uncentainty is the ASS of the Canvl uncertanty ut calibration fequancy and the uncertainty for the ndicaled frequancy tand Frequency vatdty
bestow 300 Mtz im ¢ 10, 25, 40, 50 st 70 MHE Yor Convi pssassmants at 30, 64, 129, 150 and 220 MHZ respacivaly. Above & GHx fruguency
validity can be astendad (o + 110 MMz
' Al fraquoncies below 3 GHz. the validity of tssue parameters (¢ ind o) tan be mtkxed 1o = 10% if iquid compansation formida @ appled to
meatured SAR values At frequancies above 3 GHz, e valkity of tissue parsmetsns (¢ and o) s 1esicied o ¢ 5% The uncertainty Is the RSS o
she Convi uncestainty for Indicated target Hesue parameters
* Apha'Degpth are determined during caliraton. SPEAG warrants (hal tha romaning deviation due 1o e bourdary effect sfar compensation &

ulwarys fess than = 1% for frequencies below 3 GHz and below = 2% for beguencies batwoen 34 GHz at any distance ket !an half the probe tip
dameler from the Boundary
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HCTCO, LTD.

ET3DV6-SN: 1630 Fatirunry 27, 2017

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

(normalized)
~N

10 » -

Frequancy response

054+—m-———~ - | —r Ll
0 500 1000 1500 2000 2500 3000
f [MHz]

£ Xy

Uncertainty of Frequency Response of E-field: & 5.3% (k=2)

Ceantificate No. E
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HCTCO,,LTD.

Fobruary 27, 2017
Receiving Pattern (¢), 3 =0°
=600 MHz, TEM f=1800 MHz,R22

Ervor [dB}

01 S=g-gg-e TE = == == = NI PPN SN S S o - e S Y $2

Uncertainty of Axial iIsotropy Assessment: £ 0.5% (k=2)
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FCC ID: A3LSMJ701F Report No.: HCT-A-1706-F002-3
HCTCO,,LTD.

ET3 1 Fobruary 27, 2017
Dynamic Range f(SAR}cad)
(TEM cell , f,,u= 1900 MH2)
10"
0°
e ’
= 10 .
& ¥
l_11
v o
) .
10 {
{ 1 10 ) [
SAR [mWicm3)
) o]
not compensated compensated
; T s e vl SIS 1 S R L B 3
w
SAR {nl\';.i' o3
*| ]
campensaled compensated
Uncertainty of Linoarity Assessment: £ 0.6% (k=2)
Mcie ET3 30 Febl
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FCC ID: A3LSMJ701F Report No.: HCT-A-1706-F002-3

ETIOVE- SN:1630

Fabruary 27, 2017
Conversion Factor Assessment
f = 835 MM2.WGLS RS (H_conv)

f= 1800 MHz, WGLS R22 (H_convF)

.
e

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

oo -
;oo

> O
L

N

g
3
2z
2

0
0
0
£
)

2
4
6
8
0
0

10 08 -06

L4 032 00 02

04 06 oe 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,,LTD.

ET3DVE- SNI1630) Fobruary 27, 2017

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1630

Other Probe Parameters

[Sensor Arrangement I Trangular
| Connector Angle () ———  ———f 1280
| Mechanical Surface Detection Mode | anabled
| Opbical Surface Detection Mode [ ‘disabled |
; Probe Overall Length e - [ 337 mm
[‘Probe Body Diameter | 10 mm
| Tip Length ——————— | 10 mm |
| Tip Diameter o —————— | — B58mm |
[ Probe Tip to Sensor X Calibration Point | 2.7 mm |
| Probe Tip to Sensor Y Calibration Point 27 mm |
| Probe Tip to Sensor Z Calibration Point - | 27mm |

Recommended Measurement Distance from Surface 4 mm |

Cartificate No: ET3-1630_Fab17 Page 11 ol 11
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HCT
FCC ID: ASLSMJ701F

Report No.: HCT-A-1706-F002-3

HCTCO., LTD.
Calibration Laboratory of e
Schmid & Partner %’
Engineering AG
wn-gn-u-mc. 8004 Zurich, Switzertand 2&'@\3

Accrediled by he Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificales

This catbeation centficale s the ity to national dards, which feskze the physical units of measurements (81),
The massuremants and the inties wih corfic probabilty are gaen on the followng poges and ame part of the cetificate.
All calibranons have been conducted in the dosed y faciiy. (22 £ 3°C and hummidity < TO%

Caltration Equipment used (METE criscal for calibratfion)

Prmary Staodards o] Cat Date (Cortdcate No ) Schacued Caleration
Powes tmeler NRF SN 104778 05-Ape-18 (No. 217-02288/02258) Apr37
Powor sersor NRP-Z01 SN: 103284 DE-Ape-16 (Na. 217-02268} AprA?
Power sensort NRP-201 SN: 103245 U6-Agr-16 (No, 217-02288) Ape-17
Re 20 48 Aorustoc SN: S5277 (20x) 0S-Apr-16 (N 217.02293) Ape1?
Raefe Probs ES30V2 SN: 3013 31.00c-15 (No. ES3-3013 Dec15) Dac-10
DAE4 SN 880 23-Dec- A5 (No. DAEA-860_Dec15) Doc-16
| Secomdary Standards 10 Chack Data (in houss| Schoduied Check
Power meter E44198 EN. GB41293874 OE-Apr-18 (0 houss check Jun-18) in bouso check: Jin-18
Power sensor E4412A SN MY 41488067 08 Agr-16 (in house chick Jur-18) In bouse check. Jun-18
Power satso: E4412A SN; 000110210 05-Ape- 18 (i house check Jun-18) In house check Jun-18
RF HP 8648C SN USIS42U01700 O4-Aug-98 (n house check Jun-16) In house check: Jun-18
Natwork Anabyzer 4P 8783 BN USI7380588 18-Oct-01 {in house chack Oct-15) In housa gheck: Oct-10
Cafibrated by,
Approved by

Tiua calibration ceetificats shall nat be reproduced eacept in il without witten approval of the labodatory

Certficate No: EX3-T370_Augt6 Page 1 of 11
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HCTCO,LTD.

Calibration Laboratory of P Sctiaiteier Kitthetisg
Engineering AG g Servizio svizzoro di tarstura

Zoughsussirasse 43, 8004 Zurich, Switzerland S S | guies Caitiration Servics

Accredied by the Swiss Accreditation Servios (SAS) Actreditation No.: SCS 0108

The Swiss Accroditation Servica is one of the signatocies to the EA

Multilaseral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating lquid

NORMx,y,z sensitivity in free space

ConvF sensitivity In TSL / NORMx,y,2

DCP diode compression point

CF crast 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 s in the plane normal to probe axis (st measurement center),

e, & =0 is normal to probe axis
Connector Angle information used in DASY system o align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b}
c)

d)

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

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

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

KDB 865684, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methoda Applied and Interpretation of Parameters:

NORMy.y.z! Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-celt; f > 1800 MHz: Rzzmvsgmda)
NORMX,y.z are only intermediaie values, i.e., the uncertainties of NORMx,y,z does not affect the E’-field
uncertainty inside TSL {(see below ConvF).

NORM{fIx.y,z = NORMx.y.z * frequency_response (see Frequency Response Chart). This iinearization is
Implemented in DASY4 softwara versions iater than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

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

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

Axy,z Bxy.z; Cx.y.z. 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 tha maximum calibration range expressed in RMS voitage across the diode.

ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz The same sefups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. Thase parameters are
used In DASY4 software to improve probe accuracy cloge 1o the boundary. The sensitivity In TSL commesponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for CanvF. A frequency

ConvF |5 used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to + 100
MHz

Sphevical isotropy (3D deviation from isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch antanna.

Sensor Offset The sensur offset corresponds 1o the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle; The angle is assessed using the information gained by determining the NORMx (no
uncertainty required)

Centificate No: EX3-7370_Aug16 Page 2 of 11
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Manufactured: March 17, 2015
Calibrated: August 30, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 systam!)
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HCTCO,,LTD.

EX30OV4A- SN.73T0 August 30, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Basic Calibration_gq@wqrs -

“Sensor X _ T Sensor Y ‘ Sansor 2 Unc (k=2) |
Norm (uV/(V/im)*)* 0.48 | 049 0.42 101 %
DCP (mV)" 1 88.7 1 108.3 : 837

Modulation Calibration Parameters

N

uiD G ication System Name [ A B c ) ‘ VR | Unc
d8 | dBvjuvY 8 | mv | 2y
[0 Tow X | 00 | 00 10 | 000 | 1398 | *33% |
’ | Y| 00 | o0 1.0 T wea ||
| z 1 00 | 0.0 1.0 1426 |

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 uncenanbes of Norm X Y,Z do not aftect the £’ Seid uncertainty ingide TSL {yes Pages 3 and 8)

¥ Numarical linearization paremater uncestainty not required

¥ Urcertartty s dotermined Lsing e max, devation Fom inear response applyng rectangylar distribution and i expeessed for the squire of 1he
it value

Certficate No: EX3-7370_Aug16 Page 4 of 11
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HCTCO,LTD.

EXI0V4- SN:7370 August 30, 20186

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Head Tissue Simulating Media

¢ |  Reistive T Conductivity | ' [ Oepin® [ Une

F(MHz)® | Permittivity {$im)” | ConvEX | ConvfY | ComvFZ | Alpha® | (mm) k=2)
150 52.3 0.76 1330 | 1330 | 1330 | o000 | 100 | :133%
300 453 0.87 1220 | 1220 | 1220 | 010 | 130 | $133%
450 435 0.87 1or | mor | oz | 017 | 1e0 | 133%
750 419 0.89 1041 | 1041 | 1041 | o042 | oo | +120%
835 415 0.90 1000 | 1000 | 1000 | 043 | 080 | £120%
500 415 0.987 9.75 975 975 | 039 | 083 | +120%
1450 405 1.20 2,60 8.60 8BS0 | 041 | 080 | £120%
1750 40.1 1.37 8.52 852 B52 | 040 | o080 | s120%
1800 40.0 1,40 816 | 816 816 | 037 | 080 | s120%
1950 40.0 1.40 7.94 7.94 704 | 038 | o080 | 2120%
2300 305 167 7.92 1.92 702 | 031 | o080 | +120%
2450 302 180 | 728 728 | 728 | 041 | 080 | £120%
2600 39.0 1.96 715 7.15 715 | oar | o080 | £120%
5250 359 471 5.26 5.26 526 | 035 | 180 | £131%
5600 355 507 4.60 4.60 460 | 040 | 180 | £131%
5750 354 522 4.85 485 485 | 045 | 180 | £131%

»nmmyvunnym:\ooma:1mmumymuwvuawmﬁmmza.mumwzsomu ™he
uncertanty is the RSS af the ConvF uncanainty at calibration frequancy and the uncertainty for the incicated frequency tand Frequency valedity
betow 300 MHz (s 3 10, 25, 40, 50 and 70 MHz for Corn® asseasments af 30, 54, 128, 150 and 220 MMz respectively, Above 5 GHz fraquency
validity can bo extonded 10 = 110 MHz

' A froquencios below 3 Giz, the validty of bssue parametens (c and o) can be reiaxed to £ 10% W kgud compensation formua o appliud 0
meomured SAR values, Al reguencies above 3 GHE, the vakdity of isaue parameters (= and o} in restncled 10 = 5% The uncertainty @ the RSS of
the Convf™ ncertamty for indicated target lissue peumatans

% AlphaDepth are determined during caibeation. SPEAG war that the rer g dovi Qus 10 the boundary efiect afier COMPENSAton s
ohsmluuhan:l'l.lorhmn:ub‘au:\emmmz?%hhwcmmmamnmymawwwmmﬂn
dismeter from the boundary
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HCTCO,LTD.

EXIOVA-SN.7370 Augusi 30, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Body Tissue Simulating Media

R Relative | Conductivity a Depth® Unc |
1 (MHz) Pormittivity {S/m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 61.9 0.80 12,43 1243 12,43 0.00 1.00 £133%
300 58.2 0.92 11.62 11.62 11.62 0.08 1.20 £13.3%
450 56.7 0.94 11.22 11.22 11.22 0.10 1.50 +133%
750 55.5 0.98 9.96 996 | 996 049 | 088 £120%
835 552 097 | 987 9.87 8,87 0.38 0.94 £120%
1750 534 1.48 8.24 .24 8,24 0.37 | 080 +120%
1800 53.3 1.52 7.92 7.92 7.92 042 J 0.80 +120%
2450 52.7 1,95 7.82 7.62 7.62 0.35 0.80 +120%
___2600 52,5 216 742 | 742 7.42 043 080 | =2120%
5250 48.9 5.36 456 4.68 4.65 0.50 1.90 131 %
5600 48.5 5.77 3.02 392 3.92 0.55 1.90 £131 %
5750 483 504 | 425 425 425 0.55 1.90 +131%

¥ Froquency valdity s0ove 300 MHz of £ 100 Mz coly soplies for DASY v 4 and tighr [soe Page 2), ele it in resiicied 10 £ 50 MHz. The
uncertdinty is the RSS of the ConvF uncertamty at calibration fequency snd 30 the uncertainty far the indicatsd kequency tand. Frequency vikdity
Delow 300 MHz i 2 10, 28 40 50 and 70 Mz Jor Comd’ assessments at 30, 4. 128 150 and 220 MHz rospectively, Above & GHz frequency
morycmnnwmnm-tmwx

* At frequancies balow 3 GHz. the vaiidity of tsaue pecimaters (¢ ind n| con be refised t = 10% i1 1ukd compensaton fomuta s appfied 1o
mensurett SAR values. Al froguencies abave 3 GHz, the validRy of lissus parematens (s and a) i restricted o ¢ 5% Tha uncerainty & the RSS of
mw"mﬂmumummm

Alpha'Depth: aw wed duting SPEAG warmanty that tha remamsng deviatinn due 10 1 bouncery effoct afior compansaton &
atways s than 2 1% for frequencies balow 3 GHZ anc below = + 2% for frecuencies betwesn 3-6 GH at any datance larger tham hat the probe 4o
diamater from the houndary
Cerificate No: EX3-7370_Aug16 Pape 8of 11
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EX3DV4- SN August 30, 2016
Frequency Response of E-Field
(TEM-Cell;ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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August 30, 2016

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM =1800 MHz R22
. L .- . » *
:i ;xi""“3'".‘=>-~4-=-'-~z->:=sz'4"“~’ﬂ”";:

Rol [1]

o s T o

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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FCC ID: A3LSMJ701F

Report No.: HCT-A-1706-F002-3

Cenliboate Ne

Dynamic Range f(SARcaa)

(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
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EX30V4- SN 7370 August 30, 2018

Conversion Factor Assessment

= 835 MHz, WGLS RS (H_comf) = 1800 MHz WGLS R22 (H_comfF)
.o .
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Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

10 -08 06 04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EXIDVa- SN 7370 August 30, 2016

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

Sensor Arrangement Triangular
| Connectar M]lni'l | 989
[ Mechanical Surface Detection Mode [ enabled
| Opticai Surface Detection Mode | disabled |
Probe Overall Length 337 mm |
Probe Bady Diamatar 10 mm |
Tip Léng-tr-'. e 8 mm |
T:i: Diameter o Z5mm
[ Probe Tip to Sensor X Calibration Point. 1mm
| Probe Tip to Sensor Y Calibration Poent Tmm |
Probe Tip to Sensor Z Calibration Point T mm |
! Recommended Measurement Distance from Surface Tamm |
Ceartificate No: EX3-7370_Aug1é Page 11 of 11
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FCC ID: ASLSMJ701F

Report No.: HCT-A-1706-F002-3

Accredited try the Swas Accreditabion Service (SAS)
The Swiss Accreditation Service Is ane of the signatories to the EA
Multilatersd Agroement for the recognition of calibration cenificates

HCTCO,,LTD.
Calibration Laboratory of L
s S \ g Schwslzarischor Kalibrierdienst
Engineering AG = g Servizio svizzero i taratura
Zoughausstrasoe 43, 5004 Zurich, Switzertand M@ Swiss Calibration Service

Accreditation No.: SCS 0108

This calibration certificiie ahul not De reproduced secept in ful witoaut wiitten approval of the laborstory

This caitration csrficate cooumonts the ity to which realze the wnits of srements (S1)

Tha and the with cords uhabiity are givan on the followiog peges and are part of the cenificatn

All catty harve boan cond: i the cosad lab y aciity. et bermp (22 £ 3)°C and uamicity < TO%

Catbraton Equipment used (MATE cracal for calibration)

Primary Stancants 10 Cad Date (Certilicate No. ) Scheduied Caltvation

Power metel NRF SN_104718 00-Apr16 (No. 217-02268/12285) | Avr-17

Power sensor NRP-291 SN 103244 Of-Apr 16 (Na. 217-02268) Ape17

Powet sensor NRP-Z91 SN. 103245 06-Apr-16 (No. 217-02289) Ape-17

R 20 ot Atternmior SN 55277 (20w) 5 Apr 16 (No. 217-02283) Ape-17

Faderence Probe ESIDV2 SN, 3013 31:Dec-15 (No, E83-3013_Deci5) Dec-16

DAL 4 SN 6860 23 Dec-15 (No. DAES-H60_ Dec15) Dec-18

Secandary Standa o 0 Check Dats (in houss) Schacuied Check

Power meter EA4 156 SN GBRI29MRTA 08-Apr-18 (In house chiack Jun-16] I house chock: Jun-18

Power nensor E4412A SN MY41408087 06-Apr-16 (in house check Jun-16) In house check Jun- 18

Power sensor E4412A SN 000110210 06-Apr-18 [in house chack Jun-16} In house chock. Jun-18

RF geewrator Hi* B644C SN USIBA2U01 70 (4-Aug-59 {In houne chack Jun-15] In hause check. Jun-18

Network Anadyzer HP 8783E S USI7260865 16-0¢1-01 (in howse check Oct-186) In house check: Ot 17
Function

Approved by

Issunad’ November 28, 2016
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Calibration Laboratory of N S Schweirsrischer Kakbrierdianst

Schmid & Partner % C  Service suisse detalonnage
Engineering AG % 53 Servizio svizzero di taratura

Zoughauastrasse 43, D004 Zurich, Switzerland ”-(ﬁy” S Swiss Calibration Service

Acredtad by e Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service s one of the signatories o the EA

Multilateral Age for the recognition of calibration certificates

Glossary:

TSL tissue simulating kquid

NORMx,y.2 gensitivity In free space

ConvF sensitivity In TSL / NORMx,y,2

pDcp diode compression paint

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

A B CD modulation dependent linearization parameters

Polarization ¢ ¥ rolation around probe axis

Polarization 8 8 rotation arourdd an axis that i In the plane normal to probe axis (at maasurament center),

.2, & = 0 is normat! to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8)

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 Wiraless Communications Devices: Measuremant
Techniques”, June 2013

IEC 62208-1, “Procedura to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
praximity to the ear (frequancy range of 300 MMz to 3 GHz)", February 2005

IEC 62209-2, "Procedure to determing the Specific Absorption Rate (SAR) for wireless communication devices
used In clase proximity to the human body (frequency range of 30 MMz to 8 GHz)", March 2010

KDB 865664, "SAR Maasurement Requirements for 100 MHz 1o 6 GHz"

Methods Applied and Interpretation of Parameters:

NORMz.y,z: Assessed far E-field polarization 8 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22wavogu-do)
NORMx.y,z are only intermediate values, ie,, I’wunooﬂatnﬂosolNORMxyzdoesnotaﬂmmE -fiakd
uncertainty inside TSL (see below ConvF).

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

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

PAR: PAR is the Peak 1o Average Ratlo that is not calibrated but determined based on the signal
characteristics

Ax,y.z: Bx,y.z: Cxy.z Oxy.2 VRx,yz: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nat depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and Inside waveguide using analytical field distributions based on powes
measurements for { » 800 MHz. The same setups are used for assessment of the parametars applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These parameters are
used in DASY&sonmtonmptweptoboacoumyc!oselombwndary The sensitivity in TSL corresponds
10 NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extanding the validity from = 50 MHz to £+ 100
MH2

Spherical isotropy (30 deviation from fsotropy): in a field of low gradients realized using a fiat phantom
exposed by a patch antenna.

Sensor Offset, The sensor offset correspands to the offset of virtual measurement canter 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
uncedainty required)

Certificate No; EX3-3797_Novid Page 2 of 11
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FCC ID: A3LSMJ701F

Report No.: HCT-A-1706-F002-3

EX3DV4 - SN:37%

Novernbes 25

Probe EX3DV4

SN:3797

Manufactured:  April 5, 2011
Calibrated: November 25, 2016

Calibrated for DASY/EASY Systems

{Nota: non-compatible with DASY2 system!)
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HCTCO,,LTD.

Report No.: HCT-A-1706-F002-3

EX3DVa- SNIT97

November 28, 2010

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

Basic Calibration Parameters

A Sensor X Sensor Y | Sensor Z | Unc (k=2) |
| Noem (uV/(Vim)" 080 0.56 | 0.55 [ £10.1%
DCP (mV) 97.9 97.7 97.2 | |
Modulation Calibration Parameters
) TCommmncmon System Name A 8 c o | VR Une'
B a8 dBVuV d8 my | (k=2)
0 | CW % 0.0 00 1.0 000 | 1332 | 235% |
\ o Y| oo | o0 10 [vaes ||
' 2| o0 0.0 10 | 1460 |

probability of approximately 95%.

The reported uncertainty of measurement is staled as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage

* The unceraies of Noem X, Y,2 do not attect the £kl uncertartty mmde TSL (see Pages 5 and 8

* Numancal linearzation parimeler: uncetianty not required

L Uncenary & determined using the max. deviation from linear resporse apgiying rectanguisr Ssirdution and & sspressed for the souare of the

el vahw
Cenificats r«fexu?w_mvw Page 4 of 11
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EX3DV4- SN37a7 Navermber 25, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Canductivity Depth ® Unc

f(MHz)© | Permittivity" (8im)* ComvFX | ConvFY | ComvFZ | Alpha® | (mm) | (k=2 |
150 523 0.76 11.99 11.99 1199 | 0.00 100 | £133%
300 453 0.87 11.04 11.04 11.04 0.10 125 | 2133%
450 435 0.87 10.36 1035 10.36 0.16 125 | 2133%
750 419 0.89 9.68 9.66 9.66 0.44 088 | +120%
835 815 0.90 9.33 9.33 9.33 0.33 101 | £120%
900 a15 0.97 9.17 017 | o1z 0.46 080 | =120%
1450 405 1.20 8.03 8.03 8.03 0.43 080 | 2120%
1750 401 1.37 8.03 8.03 8.03 0.32 080 | £120%
1900 400 1.40 778 | 1718 7.79 0.30 080 | £120%
2300 36.5 1.87 7.50 7.50 7.50 0.38 080 | $120%
2450 38.2 1.80 7.21 7.2 7.2 0.39 080 | £120%
2600 39.0 1.96 6.97 6.97 6.97 0.40 083 | £120%
5250 359 471 5.06 5.06 5.06 0.35 180 | £131%
5600 355 5.07 462 462 4.62 0,40 180 | =131%
5750 354 5.22 476 4.78 4.76 l 0.40 180 | 2131%

* Frequency viidity sdove 300 MHz of 3 100 MMz ordy apphies for DASY e 4 and higher (see Page 2). eise # s restricied 1o + 50 MH2 The
uncarinty is the RSS of the CarwF uncertainly at calbabon frequency and the noertainty for the indicated frequoncy band. Frequency validay
bedow 300 MHz = 4 10, 26, 20, 50 and 70 MHE fir ConyF assessments at 30, B8, 128, 150 and 220 MHz respectively. Above & GHz frequency
viligity can be extended to = 110 MMz
' A1 requencies batow 3 GHz. the validity of tisswe pacamelers (c wod o) can be relaxed to = 10% if iquid tion foomulo & appl
moasured SAR valuss Al freguencies above 3 GHz, the vafidity of beaue parsmetnns (¢ and o) iy restricted 10 = 5% mumﬂyuNESd
?lmeybwmmm

Apha/Depth aca dotormined dunng calbatan. SPEAG that the patan Gue 1o the boundiry et ket COMPRNSANON I3
-mlmm-Nhhqmbekmi)ﬂﬁ:mdwmtﬂbﬁwmumldw-mmuw&mnmﬂmmm
diamator from the boundary
Certificste No: EX3-3797_Novié Page 5of 11
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HCTCO,LTD.

EX3DVA- SN3797 November 25, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth® Unc |

g | pormitivity’ | (Sim)’ | ConvEX | ComEY | ConveZ |Apha®| (mm | (e=2) |
150 619 0.80 11.38 11.38 1138 0.00 1.00 +133%
300 58.2 0.92 11.02 11.02 11.02 0.0 1.15 2133 %
450 56.7 0.94 10.70 10.70 10.70 0.08 1.15 2133 %
750 55.5 0.96 9.60 9.60 9.80 0.50 0.80 2120%

Bas 55.2 097 942 942 | 942 0.44 0.80 +120% |
1750 534 1.49 7.75 7.75 7.75 0.34 0.93 £120%
1900 53.3 1.52 7.45 745 T7.45 0.41 0.80 2120 %
2450 52.7 1.95 7.18 7.19 7.19 042 .80 £120%

| 2600 | 525 216 .94 5.94 694 | 032 | 080 | £120%
5250 489 5.36 443 443 443 045 1.90 £131%
5600 485 577 ] 393 383 393 0.50 1.90 £13.1%
5750 48.3 504 I 419 419 419 0.50 1.90 £131%

Fwymmmmudx‘mwwmhmvulamm(mhoaﬂ oul-mmtboumm
uncertainty Is the RSS of the Conwf G ¥ and the e y lor quancy band Frequency validity
baskow 300 Mz s 4 10, 25, 80, wmmmuourmvrnmmnao B4, 128, vwmzmwlm Abova § GHz frequancy
validity can be axtended 10 = 110 MHz.

" At requancies below 3 Giez. the yaldity of tave paeamatens (c and o) can be rdaxed 10 = 10% If hgud ¢ ation formuda & apphed o
measured SAR values. M freguancios sbove 3 GHz, the validity of issue parameters (¢ and o) v resiricied 10 ¢ 5%, The uncertainty s the RSS of
the Coend unconainty for indicaded target basue barametors

“ Apha'Depth are determingd during calibration. SPEAG warmants that the remaning 0evaton due to he dary effect after o
ummm:\%fabmuwum!cmmuluwzﬂhkwm:&Gmmmummwmmnwmpmmup
diameter from the bourdary

Ceortificate No: EX3.3797_Nov16 Page 6 of 11
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HCTCO,,LTD.

EX3DVA-SN:ATSY November 25, 2016

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

response (normalized)

094

08+

Frequency

074
06

I VO T S B S I . N

05 ————— -l 3! i .
0 500 1000 1500 2000 2500 3000
f (MHz2)

e R

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

Cenificate No: EX3-37TB7_NoviE Page 7 of 11
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EX3DV4- SN 3797 November 25, 2018
Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22

(R A O =

Enor [d8

I b e SRS s |

S T W T . A ey
150 Y

’*O;l'!
'.n'%ljl'; 0 ‘;’_1;,].“ '—:J

.
1000 Wi 2400 WHa

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

Cenificate No' EX3.3797_Nov16 Page 8 of 11
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EX3DV4- SN.AT07 Novormbae 25, 2016
Dynamic Range f(SAR}caq)
(TEM cell , foyu= 1900 MHz)
»
.
10 . 1
’
< 10 o
- e
= X
c * |
(5] !
» . |
5 |
a 10 ;
= v |
"
N
10
L)
¥
10 107 10° 10 10 10 10
SAR [mW/iem3)
. < l
ot compensalad compensated
i
: 0 i g g R by ST e ?
.'L'
10 108 10! 108
SAR [mWiem3)
*| v
not compeansated compansalad
Uncertainty of Linearity Assessment: £ 0,6% (k=2)
Certificate No: EX3-3797 _Nov16 Page 8 af 11
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EX30V4- SN.3T8Y Novermber 25 2010

Conversion Factor Assessment

f= 835 MH2, WGLS R (H_comF) = 1800 MMz WGLS R22 (H_convF)

BAN SN
an

. . . .
e aisns e e '

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

10 08 08 04 02 00D 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)

Cortificate No. EX3-3797 _Novib Page 10 of 1Y
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HCTCO,,LTD.

EX3DV4.- SN.AT97 November 25, 2016

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

Other Probe Parameters

[ Sensor Arrangement T Trangular |
| Cannector Angle () | 599 |
| Mechanical Surface Detection Mode = Il enabled
Optical Surface Detection Mode | disabled |
Probe Overall Length S | T 337 mm |
Probe Body Diameter | 10 mm |
Tip Length == gmm |
[ Tip Diameter | 25mm |
| Probe Tip to Sensor X Catibration Point T T tmm |
Probe Tip to Sensor Y Calibration Point S | 1mm |
Probe Tip to Sensar Z Cahibration Point - | " 1mm |

= 4 !
Recommended Maasurament Distance from Surface 14 mm |

Ceorificite No. EX3-3787_Novit FPage 110t 11
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Calibration Laboratory of P Eeaiariane il isdisiat

Schmid & Partner %}E g Sorvice suisse detalonnage
Engineering AG e g Servisio svizzero di taratura

Zoughausstrasse 43, 0004 Zurich, Switzeriand -<,ﬁ'\>? Swiss Calltration Sorvice

Accredited by Ihe Swiss Accraditaion Senves (SAS) Accroditation No.: SCS 0108

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

Muttilateral Agreement for the recognition of calibration cerfificates

client  HCT (Dymstec) Cortificats No: ES3-3076_Jui16

Otyect ES3DV3 - SN:3078

Cadibration procedure(s) mm'm‘w- QAM‘N‘S.QA CAL-25.v6

Catbragon date July: 28,2016

This callration cenifcate s the ity o standards, which realize the physicsl units of megsuremonts (51)
The measurements and the uncenainties with cosfidance probabillty wre given on the followng pages and aee parn of the cedificate.

Al calibrations have been conducted in the closed y ety er i {22 2 3)°C and humidity < 70%
Calitration Equipmant used (MATE criticad for callbeation )
Primary Starddards 1D Cal Date (Certificals No ) Sched C
Powor mater NRP SN 104778 05 Apr-16 (No. 217-02288/02229) Apr Y
Power sensor NRP-251 SN 109244 08-Apr-16 (No. 217-02288) Apt-17
| Power sensor NRP-291 SN 100245 06-Apr-16 (No. 217-0228%) Apr1T —|
Refarence 70 48 Afleruator SN S8277 (20x) 05-Agr-16 (No. 217.02293) Apt-17
Reta Probo ESIOVZ SN 3013 31.0e0-15 (N0 ES3-X13_Owo1%) Dec-18
DAEA | SN 880 23-Dwe-15 (No. DAE4.880 Decil) Dec-18
_smnmmm D Check Damn (in howsa) Schaoued Check
Power moter E44158 SN. GB4 1263874 06-Ape- 16 (0 house check Jun-16) In houss chack. Jun-18
Fowor sangor E4412A SN MYA1498087 06 Apr 16 (n house check Jun-18) in houne chack: Jun-18
Powor sorgor £4412A SN. 000110210 06-Apt: 16 (i house check Jun-15) 1 In house check. Jun. 18
RF gonarator P 88430 SN USISA2U01700 04 Aug-89 (in houss check Jun-16) | In house check: Jun- 18
Network Analyzer P 8783E SN: US37380585 18-Cet-01 {in houss check Oct-15) In house eheck. Dt 16
Nama Flnction Signatire

Culibraless by: Mchae Wber Laboratory Technician” ‘ %ﬂ r

issued’ July 29. 2010
| Trvis cafibraton cortficate sha rot be produced excapt In A without weitien approva of the laboratory J

Cerfificals No: ES3-3076_Jul16 Page 1 of 11
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Calibration Laboratory of A Schwotzenscher Kallorierdienst

Schmid & Partner = g Service sulsse d'étalonnage
Engineering AG % Sarvizio svizzoro di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland ‘»{ﬂr} S guiss Caibvation Service

RUTL G

Azreaitad by e Swiss Accredtation Service (SAS) Accreditation No.; SCS 0108

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

Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating Hquid

NORMx,yz sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

oce diode compression point

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

ABCD modulation dependent linearization parameters

Potarization ¢ ip rotation around probe axis

Potarization 8 8 rotation around an axis that is in the plane normal to probe axis (al measurement center),

Le., B =015 normal to probe axs
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) |EEE Std 1528-2013, “IEEE Recommended Practica for Determining the Peak Spatial-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wirsless Communications Devices: Measurement
Technigques®, June 2013

b) IEC 82208-1, "Procedure to measura the Specific Absorption Rate (SAR) for hand-held devices usad In close
praximity to the ear (frequency range of 300 MMz 1o 3 GH2)", February 2005

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate {SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMx.y.2 Assessed for E-lieki polarization 8 = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz: R22 waveguide)
NORMx.y,z are only intermediate values, Le.. the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF),

o NORM(!)xy.z= NORMx.y.z * frequency_respanse (see Frequency Respanse Chart). This lineasization s
implementad in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

*  DCPx,y.z: DCP are numencal lineanzation paramaeters assessed based on the data of power sweep with CW
signal (ne 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 Bxyz Cxyz Dxyz VRXyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressad in RMS voliage across the diode.

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

«  Spherical isotropy (30 deviation from isctropy): in a field of low gradients realized using a flat phantom
exposad by a patch antenna.

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

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

Centdficate No: ES3-3076_Jul18 Page 2 of 11
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ES3DVI - SN:30T8 July 28, 2018

Probe ES3DV3

SN:3076

Manufactured:  June 29, 2005
Calibrated: July 29, 2016

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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Report No.: HCT-A-1706-F002-3

ES3DV3- SN.3076 July 20, 2018

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

Basic Calibration Parameters

Sensor X 1 Sensor Y Sensor Z | Unc (k=2) |

| Norm (uV/(Vim))* 1.22 ~1.25 197 | £100% |

DCP (mV]"~ 104.5 . 1025 ‘ 1019 =
Modulation Calibration Parameters

(1]15) [ Communication System Name I a | B c D VR | Une |

d8 | aBVpv d8 mV k=2) |

o | W %1 00 | 00 | 10 | 000 | 2223 | sa3% |

| Y| o0 0.0 10 N 0N

z 0.0 0.0 1.0 2082 | ]

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 35%.

* Tha unceramties of Norm XY 2 go not affect the E'-fisld uncertainty inside TSL (see Pagas 5 and 6)
* Numarca lineanzabon paramatioc uncenainty nol required.

¥ Uncertamty 15 determned using the max. deviation from finear raaponse applying rectanguiar distribution and s cxpressed for the square of the

fielc value
C_emﬁmle No: ES3-3076_Jul16 Pagedot 11
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ESIDVI- SN:3076 Judy 26, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc

f(MHz)® | Permittivity” (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) |  (ks2)
750 419 0.89 6.49 £.49 6.49 0,80 147 £12.0%
835 415 090 5.29 5.29 6.29 0.68 1.28 £120%
900 a5 087 | 613 613 6.13 0.70 1.24 £120%
1450 405 1.20 5.54 5.54 554 080 | 1.08 +120%
1750 40.1 1.37 540 5.40 540 0.59 136 | +120%
1900 40.0 1.40 5.24 5.24 6.24 075 | 125 | +120% |
1950 40.0 1.40 5.08 5.08 5.08 0.80 } 1.17 +120%
2300 395 1.67 4.94 4.94 4.54 0.80 1.20 £120%
2450 38.2 | 180 4.62 462 | 462 0.79 1.26 £120%

Frequency vaidity above 300 MHz2 of = 100 Mz only spples for DASY v 4 and higher (seas Page 2), eése & g restnceed 1o + 50 MHz. The
uncertuinty |s the RSS of the Comd uncartmnty &t CalZmtion frecuency and the uncertainty for the indicated frequency band, Fraquency valdity
Delaw 500 MMz s 4 10, 25, 40, 50 and 70 Mz for ConvF assessmants of 30, 54, 128, 150 ang 220 MHz respectvely. Above 5 Gz reguency
vialidity cae) be xtanded to = 110 MMz
¥ At froquencien below 3 GH. the valdity of thsve parameters (o and o) can be ralaxed to = 1045 il lquid compensation formula is appled to
measured SAR values. Al frequencies above 3 GH2. the vaidity of iisaun paramalers (¢ and o) & resincted to & 5% Thu uncanainty is the RSS of
peCom‘F uncenainty for iIndicaloed tarpel Ss80e paramaters

* Apha/Degth are determned dunng calibralion SPEAG warrents that the remaining deviabion due 10 (he boundary effect afier compensation
always less than = 1% for Mequencies below 3 GHz and below = 2% for frequencies between 3-5 GHz at any dstance larger than hall the vobe 1o
dinmedar from the boundary

Centificate No: ES3-3076_Jui16 Page 5 of 11
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Report No.: HCT-A-1706-F002-3

ES3DV3- SN:3078

July 29, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Rolative | Conductlvity ‘ Depth * Une
f(MHz) | Pormittivity” |  (Sim)’ | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 ss5 | ose 5.87 5.87 587 | 080 | 116 | £120%
835 55.2 0.97 583 583 583 | 080 | 118 | £120%
1750 534 1.49 5.01 501 5.01 043 | 188 | +120% |
| 1900 533 152 4,81 4.81 4.81 055 | 151 | +120%
2450 527 1.95 4.30 4.30 43 | o070 | 121 | 2120%

" Fraquency validity above 300 Miz of & 100 Mz ondy applies for DASY i 4 and higher (see Pape 2), sise It ls resticied 1o 2 50 MHz. The
uncertmnty is the RSS of the ConvF uncenaety st calibration fequency and tha unceainty for the indoated fraguency band. Frequency valdty
telow 300 MHz is = 10, 25, 40, 50 and 70 MHz for ConvF assessments at X, 64, 128, 150 and 220 Mz respectively. Above § Gz frequency

vahdty can be exended 10 £ 110 MHz

" A frequencees telow 3 Giiz, the vafidity of fssus parametecy (¢ nod o} ¢80 be refazod 10 4 10% if bouio compensaton formuia 1 appied 1o
meagsured SAR vaiues, Al frequencios above 3 GHz, the valdiey of tissue parametors (c and o) is festricled 10 = 5%, The uncestsnty & the RSS of
the ConvF uncertanty for indicated target tissue parameters

% AlphaDapth are

1. SPEAG warrants thal the remaining devialan ous 10 the boundary affect after campensation s

dunng
always luss than ¢ 1% for froquencien beiow 3 GH2 and bolow £ 2% for frequencies Datween 3-8 GHz at any distance larger than half the probe to
dameter from the boundary.

Certficats No; ESI3078_Jul18

Page 6of 11
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

zed)

response (normall

Frequency
o
[+-]

0 800 1000 1500 2000 2500 3000

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

Certfficate No: ES3.3076_Julte Page 7 ¢
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FCC ID: A3LSMJ701F Report No.: HCT-A-1706-F002-3
HCTCO,,LTD.

ES3DV3- SN:3078

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
Rot 1)
JorHe T ik ST
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
¥ gle No; ES3-3076_Jul16 PageB ol 1V
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FCC ID: A3LSMJ701F

Report No.: HCT-A-1706-F002-3

ES3DV3~ SN:3076

Dynamic Range f(SARcaq4)

(TEM cell , fova= 1900 MHz)

Signal [uV
»

ut

ng

10 10 100 0 10 10
SAR [mWicm3]

A ]

not compansated compensated

- B et S et SR e O
e -
1~
w
10 108 o 102
SAR [mW/cm3)
.
rot compensated COMponsatnd

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

Cartificate No: ES3-3076_Mi#16 Page 9of 11
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Conversion Factor Assessment

= B35 MHz WGLS R® (H_convF) = 1900 MHz WGLS R22 (H_convF)

v ’.;:‘. " ‘:".' = ; » - o s ';d. " ‘lfm a ”—:- n .
Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

10 -08 06 04 02 00 02 0O04 C6 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3076

Other Probe Parameters
Sensar Arrangement

Triangular |

Connector Angle () —_— Ty

Mechanical Surface Detection Mode enabled

Optical Sufface Detection Mode S disabled
| Probe Overall Length 337 mm |
| Probe Body Diameter m—————— == ———— i 10 mm 1
[Tip Length S B 10 mm |
Tip Diameter  4mm
| Probe Tip 1o Sensor X Callbration Point T 2 mm ‘
; Probe T 1o Sensat Y Calbration Point - 2 mm \
aasy s ! —— ]

Probe Tip 1o Sensor Z Calibration Point 2mm |
"Recommended Measurement Distance from Surface = Imm |

Conificate No: ES3-3076_Jul16 Page 11 of 11
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Calibration Laboratory of W)
Schmid & P :'{r\’\./> g smua:nmm
Engineering AG %/\ g Servizio svizzoro di taratura
Accreditod by the Swiss Accreditation Servios (SAS) Accreditation No.: SCS 0108

The Swins Accreditation Secvice is one of the signatories to the EA
Muttitateral Agroemant for the recognition of calibration certificates

Calibration procecureds)

Caktxaron date

This catioration conilicate documents the | ity 1o , which realze the phymical units of (s
The and the with conf probatiity sre given on he folowsng pagen and ace part of the certificate

Al calitrations have boen conducted i tho cased laboraory tacity. eavironment temperature (22 + 3)°C and humidily < 70%

Catibrstion Equipmant used (MATE cotca for calibeation)

Primary Smndards 1] Cal Uit (Certificate No | S Calitration
Powar meter NRP SN. 104778 M-Ape- 17 (No_ 217.02621402522) Apr18
Pownr senscr NRP-201 SN: 103244 Od-Ape-17 (No. 217-02621) Apr-18
Power sensor NRP-Z01 SN: 103245 D4-Ape-17 (No. 217-02525) Ape-18
Radwrence 20 ¢ Attenuston SN: 56277 (200 O7-Age-17 (No. 217-02628) Ape-18
Reloronce Probe ESI0V2 SN: 3013 31:Dec-16 (N0, ES3-3013 Dec16) Dec-17
DAE4 3N 560 7-Dec-16 (No. DAZ4-680_Dec16) Dac-17
Secondary Sundands o Check Dals (in house) Schmduled Chech
Powor moter E44158 SN: GB41233874 05-Apr-16 (in house chock Jun-16) In house check: Jun-18
Power sermar E44124 AN MY4 1408087 O8-Apr-18 (In houss chack Jun-1E) I house check. Jun-18
Power senpor E4412A SN: 000110210 06-Apr-15 (in houae chack Jur-16) In houso check: Jun-1&
RF & HP 8648C SN US3842001700 04-Aug-99 Un house check Jun-18) ¥ house check: Jun-1E
N Anahczer HP BT53E SN USITI50586 18-0c1.01 (in howas chock Oct-16) n house check: Oct-17
Name Function
Caibrated by. >
Approved by
lasued: May 3%, 2017

This caltration cartficate shall not be repr et m Al without writien approval of the v
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Calibration Laboratory of Ay Saiy her Kalibriond

Schmid & Partner a— g Service suisse d'dtalonnage
Engineering AG o g  Servizio svizzoro ol taratura

Zoughausstrasse 43, 3004 Zurich, Switzeriand % *ﬁ'yy Swiss Calibration Service

Accredind by the Swiss Accraditaton Servioe (5A5) Accreditation No,: SCS 0108

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

Muititateral Agreemant for the recognition of calibration certificates

Glossary:

TSL tissue simuisting liguid

NORMx.y.z sensitivity in free space

ConvF sensitivity in TSL /! NORMx,y,z

pce diode compression pont

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

AB.C.D modulation dependent inearization parameters

Palarization ¢ © rotation around probe axis

Polarization 9 8 rotation around an axis that is in the plane normal to probe axis {8t measuremant canter),

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

Calibration is Performed According to the Following Standards:

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: Measuroment
Techniques’, June 2013

b) |EC §2208-1, *Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequancy range of 300 MHz to 3 GHz)", February 2005

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

d) KDB 865664, "SAR Meaasurament Requirements for 100 MHz 1o 6 GHZ"

Mothods Applied and Interpretation of Parameters:
NORMx,y.x: Assessad for E-field polarization 8 = 0 (f < 800 MHz in TEM-celi; f > 1800 MHz: R22 waveguide).
NORMx,y.z are only intarmediate values, Le., the uncertainties of NORMx.y,z does not affect the £ -field
uncertainty inside TSL (see below ConvF)

o NORM{/xy.z = NORMx.y.2 * fraquency_response (see Frequency Response Chart). This linearization s
implemented in DASY4 software versions fater than 4.2. The uncertainty of the frequency responsa Is included
in the stated uncertainty of CaonvF,

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

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

o Axy.z2 Bryz Cxyz Dxyz VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulaton signal. The parametears do not depend on frequency nor
media. VR is the maximum calibeation mnge 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 saftware to improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMy.y.z * ConvF whereby the uncertainty corresponds to that given for CanvF A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to + 100
MHz

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

* Sensor Offset: The sensor offset comesponds to the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance reguired.

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

Certificale No: EX3-3963_May17 Page 2 of 38
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EX30V4 - SN3968 May 31, 2077

Probe EX3DV4

SN:3968

Manufactured:  September 30, 2013
Calibrated: May 31, 2017

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY?2 system!)
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EX3DV4- SN:3968 May 31, 2017

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

Basic Calibration Parameters

| | Sensor X Sensor Y Sensor 2 Unc (k=2) |
| Narm (uVi(Vim)h) 0.34 0.33 0.41 £10.1%
[ DCP (m\)" 105.3 103.7 101.6 f

L=

Modulation Calibration Parameters
jon S Name

[Uio [ i Y A 8 | ¢ [ VR | Unc
i . d8 dB Vv a8 mv (k=2)
{o ow X | oo 60 | 10 | 000 | 166b | s27% |
| Y 0.0 0.0 1.0 167.0
| Z 0.0 0.0 10 | | 1828 |
Note: For detaits on UiD parameters see Appendix
Sensor Model Parameters
\ c1 c2 a T T2 T3 T4 T5 T6
fF fF V' | msV?® | msV™* ms Ve Vv

3891 | 2850 3475 14.00 1.299 4917 0.303 0.332 1.002
3840 | 2825 3490 | 1277 1.162 4935 0244 0361 | 1003

2787 | 2003 | 3627 | 1233 | 1412 | 4946 | 000 | 0285 | 1.004 |

<%

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 uncertartes of Norm XY Z do not affect the E*-fekd uncertnty naide TS1 (vee Poges 5 and §)
* Numenical linsarization porsmeter uncedtanty not requred

'Ur\cu\utysda\enmmdmmr;mw L from knear resp applyng rectanguinr distribuion and is expressed for the squame of the
Neld vatus
Cortificate No: EX3-3568_May17 Page 4 of 38
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductiyity Depth® Unc
Cf(MHZ)® | Permittivity” (S/m) ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
800 427 0.88 10.91 10.91 10.91 0.10 1.10 2133%
|
750 419 0.89 10.78 10.78 10.78 0.58 0.80 +12.0%
835 415 0.90 10.55 10.55 10.55 0.51 0,80 120 %
900 415 0.97 10.23 10.23 10.23 0.50 0.80 +120%
1450 405 1.20 914 a14 9.14 0.39 0.80 $120%
1750 40.1 1.37 9.08 9.08 9.06 043 0.85 $120%
1900 40.0 1.40 8.66 8.66 8.66 0.43 0.80 +120%
2450 392 1.80 7.95 7.5 7.95 0.37 0.91 + 120 %
2600 30,0 1.96 7.72 172 | 12 0.42 0.93 £120% |
5250 35.9 am 549 549 549 035 1.80 £13.1%
5600 355 507 4.90 4.90 4.90 0.40 1.80 $13.1%
5750 354 §22 5.07 507 507 040 1.80 £131%

* Froquency valtity above 300 MHz of £ 100 MHz only apphas for DASY v4.4 and higher (soe Page 7}, olso ¢ & reatrictod to £ 50 MHz. The
uncertainty is the RSS of the CorwF uncertainty ot calibration equency and the uncertanty for the indicated irsquency band. Frequency vaiidity
balaw 300 MH2 is = 10, 2540, S0 and 70 MHE for ConvF assessmants ai 30, 64, 128, 150 and 220 MH: respectively. Above 5 GHz lreauency
volidity can be extonced 1o + 110 MMz

" Al froquencies below 3 GHz, the validity of tssue paramelers (= and o) can be relaxed 1o £ 10%  iquid compensation formuls is appled 1o
measued SAR values. Al froguencies above 3 GHz, the validty of tissue paramaeters (e and o) & mstricied 10 ¢+ 5% The wncenainty is the RSS of
the Coonf uncertainty for indcated target tissue parametens.

» are delermined curing calbration. SPEAG wanants that the remaning deviation due 10 the boundary efMact sfer compensation &
adwnyn leas than ¢ 1% for frequencies betow 3 Gz and below £ 2% for frequencies between 3-6 Gz at any detance larger than hatf the probe Sp
diamater from the boundary

Certificate No: EX3-3068_May17 Page 5ol 38
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity F Depth © Unc
_1{MHZ)® | Pormittivity” (Sim)” ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2}
600 56.1 0.95 1081 | 1081 10.81 0,00 1.10 +133%
750 555 0.96 10.57 10.57 10.57 046 080 | +120%
835 55.2 087 | 1015 | 1018 10.15 045 0.88 2120 %
1750 52.4 1.49 854 | 854 .54 0.44 0.84 $120%
1900 53.3 1.52 B1e | 818 8.18 0.40 080 | 120%
| 2450 527 1.95 8.05 8.05 8.05 043 090 | £120%
2600 525 218 7.87 7.87 7.87 0.32 098 | 2120%
5250 48.9 5.36 4.90 4.90 4.90 040 190 | £131%
5600 485 5.77 4.18 4,18 418 045 190 | £131%
5750 48.3 | 594 4.28 4.28 4.28 0.50 190 | +131%

“mewammaooumdzlooMmuawm'umsvamm(mvmnmmmea\o:iom The
uncenainty i§ the RES of the Com® uncertainty at caiibration frequency and the ncentainty for the indicated frequency band. Fraquancy validity
Delow 300 MHz w ¢ 10, 25, 40, 50 and 70 MMz for ConviF assessments at 30, 64, 128, 150 and 220 MHz respectively Above 5 GHE reguency
valcily can be mdanded 20 = 110 MHz.
'Annwcncnabobwnom4mevdutyo'tmmp.nm(crdu}mumlu:|D%»lnqmampmw-on|anmmwoh!1m
messured SAR values Al froguoncies above 3 GHz. the validity of tissue panametens (o and o) is restricied to + 5% The uncertainty is the RSS of
lMCMwﬁmhMmmmm
mmmwmmmwmmmmummmnmm~ dary affect sfier comp
muwn::suummmmacmmm‘nmmmuoﬂ:nmmumlmumumm
diameter from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
16
1.4
1 i-F
2 fi
N ..k
" 12
= |
£ 11
& .
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c ) * + . .
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2 +
b
“ g
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3 08
& !
ol
06
05 : : . i | }
0 500 1000 1500 2000 2500 3000
f [MH2]
o * |
=i RZ
Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
. L £l L L] -
Tox X
B
*;j Cogges-t 20023t ga-t 228 -p-0g g 9S82 + Vg g
X T
Rol |
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cerlificate No. EX3.3968 May1 Page B of
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Report No

.: HCT-A-1706-F002-3

EX3DV4- SN 3968

Dynamic Range f(SARcad)

(TEM cell , foyu= 1900 MH2z)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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May 31, 2017
Conversion Factor Assessment

=835 MH2 WGLS RS (H_convf) = 1800 MHz WGLS R22 (H_convF)

———

.
L

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

8

10 08 <08 04 02 00 D2 04 086 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.8% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

Sensor Artangement ) Triangular
| Connector Angle () | 631 |
Machanical Surface Detection Mode " enabled |
Ib’pﬁﬁi@ﬁé@ﬁ Mode [ disabled |
mlemm [ 337 mm
{ Probe Body Diameter | 10 mm |
I Tip Length | omm |
| Tip Diameter | 25mm |
Probe Tip to Sensor X Calibration Polnt 1 mm |
| Probe Tip to Sensor Y Calibration Point | 1mm |
| Probe Tip to Sensor Z Calibration Point | 1 mm
| Recommended Measurement Distance from Surface | 1.4 mm |

Cetificate No: EX3-3868_May17 Page 11 of 38
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Calibration Laboratory of KT, Sibivelairtitit KRS
Schmid & Partner % g Service suisse détaionnage
Engineering AG ! g Sevitio svizzero o tarstura
Zeughausstrasse £, 8004 Zurich, Switzwriand W‘@D Swiss Cafibration Service

Accreding by the Swiss Acoeditation Service (5AS)
The Swiss Accroditation Service in one of the signatories to the EA

Multilaterat Agreement for the recognition of calieation cortificatos

This calitration cenificete docurments the iraceabiity 1o natione! standards, which reslize (he physical units of messurements (S1)
The and the with confidgence dity are given on e folowing pages and sre dant of the cedtilicale.
Al calibrations have bean conductad In thi closed laboralory (scity: ® (22 2 3°C end humasty < TO%.
Coliration Equipment used (MATE crifical for calibration)
Primary Standards D Cal Date (Certificate No ) Scheduled Caltation
Power meter NRP SN; 104778 O4-Agr 1T (Na._ 217 02521/02522) Ape- 18
Pownt sensol NRP-201 SN' 103244 O4-Apr-17 (Na. 217-02621) Ape-18
Power sensar NRP-Z81 SN; 103245 O-Ape-17 (Na. 217.02525) Api-18
Relarecce 20 0B Attenustor SN: S5277 (20 O7-Ape-17 (Na. 21712528} Apr-16
Refererce Probe £S30V2 SN; 3013 31-0ec-18 (No. ES3-3013_Dec16) Dec-17
DAEA SN 868G 7-Dec-16 (No. DAES-660_Dec16) Dec-17

Stundaros D Check Dute (n house) Schediussd Chack
Power mater E44108 SN GBA1293874 Ofi-Apr: 16 (in house chack Jun-16) In houso check: Jun-14
Power sensor EM 124 SN MY 41466087 086-A1-16 (In house check Jun-18) In housa check: Jun-18
Powes sensor EA4124 SN 000110210 06-Apr-16 (in houss check Jun-16) In house check: Jun-168
RF generalor HP 56460 SN US3H42001700 04-Aug-8% (In hoiss check Jun-1E) In houss check Jun-18
Network Analyzer HP 87536 SN, US37I00585 18-0c3-01 (in house chock Ocl-16) In houoe check Oct-17

Function

Approved by
This caltwaton certif

Certificate No: EX3-3863_May1?
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Calibration Laboratory of A, Sawatasdtecher Kollbelordh
Schmid & Partner N :’L g Service suisse d'dtalonnage
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Accroaited by e Swiss Accredtation Servion (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Saevice is one of the signatories to the EA
Multilateral Agreemant for the mcognition of calibration certificates

Glossary:

TSL fissue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sensitivity in TSL / NORMx.y.z

pcpP diode compression point

CF crest tactor (1/duty_cycie) of the RF signal

A.B.C.D moduistion dependent linearization parametars

Polarization ¢ @ rotation around probe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
Le., # =0 is normal 1o probe axis

Connecioe Angle information used in DASY system o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

8) 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 622091, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-heid devices used in ciose
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢j IEC 62208-2, "Procedurs to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequancy range of 30 MHz to 8 GHz)", March 2010

d) KDB 8656684, "“SAR Measurement Requirements for 100 MHz 1o 6 GHz"

Mothods Applied and Interpretation of Parameters:
NORMx.y,2: Assessed for E-field polarization 8 =0 (I < 900 MMz in TEM-cali; f > 1800 MHz: R22 wsvegmda)
NORMx,y,z are only intermediate values, (.o, the uncertainties of NORMx,y.z does not affect the E™-field
uncertainty inside TSL (see below ConvF).

o NORM(f)x.y.z = NORMx.y.2 * frequency_responss (see Frequency Response Chart), Thes linearizaton s
implemented in DASY4 software versions Iater than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

* PAR!PAR Is the Peak o Average Ratio that is not calibrated but determined basad on the signal
characteristics

o Axyz Bxyz Cxyz Deyz VR.yz A B, C, Dare numencal knoarization parameters assessed based on
1he data of power sweep for specific modulation signal. The parameters do not dapend on frequency nor
media, VR is the maximum cakbration range expressed in RMS voltage across the dicde.

* ConvF and Boundary Effect Parameters: Assessad in fiat phantom using E-fisld (or Temperature Transfer
Standard for f < B0D MHz) and inside waveguide using analytica! field distributions based on power
measurements for I > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncersinty values are given, These parameters ars
used in DASY4 software 1o improve probe accuracy close o the boundary. The sensitivity in TSL comesponds
o NORMx.y,z * ConvF whereby the uncerainty corresponds to that given for ConvF. A frequency dependent
ConvF 1s used in DASY version 4.4 and higher which allows extending the validity from 2 50 MHz to + 100
MHz

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

* Sensar Offset: The sensor offset corresponds 1o the offset of virtual measurament oantar from the probe tip
(on probe axis), No lolerance required,

= Connector Angle: The angle is assessed using the Information gained by determining the NORMx {no
uncartainty required)

Cerfificate No: EX3-3863_May17 Pago 2 of 38
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EX30DV4 - SN:2883

May 31, 2017

Probe EX3DV4

SN:3863

Manufactured:
Calibrated:

February 2, 2012
May 31, 2017

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

= Sensor X Sensor ¥ SensorZ Unc (k=2) |
Norm (uV/i(Vim)')" | 0.34 0.33 0.44 +101% |
DCP (mV)~ | 101.3 102.4 100 8 ]

Modulatlon Calibration Parameters
Communication System Nama A 8 c

L

D VR | Unc
4| @8 |dBVpv | | 48 mv_ | (e2)
1o |ov X |00 00 10 | 000 | 1471 | =a3%
Y 0.0 0.0 1.0 1459
{ Z| oo 00 | 10 1388
Note: For details on UID parameters see Appendix
Sensor Model Parameters
c1 c2 a Tt T2 | T3 | T4 5 | T6
fF fF v msV: | msVv ms v v |

4892 | 3628 | 3532 | 1671 1368 | 4938 | 0484 | 0531 1.004
2191 | 1618 | 3516 673 0877 | 4912 | 0044 | 0198 | 00999
| 4791 | 3506 | 3504 | 1651 | 1333 | 4072 | 0849 | 0481 | 1006

N <>

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

* The uncartainties of Noem XY .2 do not alfect the E*-field uncenarty mside TSL (soe Pages 5 and 6)
» ¥ Numaricul Insanzation panimeter. Lacetarty hot nequined

' Uncartaimty ts deterrined wRng the mae daviation from Rnasr Tesg Appiying rectangular Aistritutian and iy expressad for the sause of ihe
field vahue
Certificats Now EXC3-2063_May17 Page 4 of 38
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Report No.: HCT-A-1706-F002-3

EX3IDV4- SN:3863

May 31, 2017

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

Calibration Parameter Determined in Head Tissue Simulating Media

. Relative Conductivity | Depth © Unc
1 (MHz) Permittivity " (Sim)" ConvF X | ConvFY | ConvFZ  Alpha® | (mm) %=2)
|

150 523 0.76 12.83 12.83 1283 | 000 1.00 +133%
300 45.3 0.87 11.88 11.88 11.88 0.08 1.20 +13.3%
450 43.5 0.87 11.04 11.04 11.04 0.13 1.25 +133 %
750 419 089 10.75 10.75 10.75 0.51 0.87 +12.0%
835 415 0,90 10.44 10.44 10.44 054 0.83 +12.0%
900 415 097 10.33 10.23 10.33 0.50 0.80 +120%
1450 40.5 1.20 9.07 5.07 9.07 0.34 0.80 +12.0%
1750 40.1 137 8.63 8.63 8.63 0.36 083 +12.0 %
1900 40.0 1.40 8.38 8.38 8.38 0.38 0.80 +120%
2300 39.5 167 8.1 B.11 811 0.35 0.80 +120%
2450 392 1.80 7.79 7.79 7.78 0.27 0.85 £12.0 %
2600 39.0 1.98 7.62 7.62 7.62 0,38 0.85 +12.0%
5250 359 4,71 5.15 515 515 0.40 1.80 $131%
5600 355 507 4,91 491 4.9 0,40 1.80 +131%
5750 354 522 512 | 512 5.12 0.40 1.80 +131%

© Froquency validey above 300 MKz of = 100 Mz anly apgiies for DASY wi.4 and higher (sce Page 2, clve f iz testricied 10 = 50 MHZ The
uncertainty w the RSS of the Com uncertainty at calbraton freguency and the uncertainty for the indicated frequancy band. Froguancy validity
Delow 300 Miz is = 10, 25, 40 50 and 70 Mz for ConvF pssessments at 30, 64, 328, 150 and 220 Mriz raspactively. Above 5 GHa wquency

vakdty can bo extended o = 110 Mhe

" Al frmquencies below 3 Gz, the valdity of timsus porameters (c and o) catt be nelaxsd 1o = 107 If fquid compansation formula s apphed to
measurod SAR yaluts. Al froquoncies atiove 3 GHz. the vaidity of tssue parametors (e and o) |8 restricted 10 = 5%. The uncertiinty s the RSS of
the ComvF uncenainty for indicaied 1arget Bssue parameters
* Apha/Depth are daterminad during calibatian. SPEAG warraiits that the remaniog devaston toe 10 the boundary wMec afte compansation &
always less than 4 1% for frequencies below 3 Gz and balow £ 2% for kequencies between 3-8 GHz &t any distance largar than half the probe tin
diametor from the boundary

Costificats No- EX3-3863_May1?
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | | Depth” Unc
T(MHz)® | Permittivity” |  (Sim)” | ConvFX | ConvFY | ConvFZ |Alpha®| (mm) | (k=2)
150 619 0.80 v23¢ | 1234 | 1238 | 000 | 100 | s133%
300 582 082 1141 | 1141 | 1141 | oos | 128 | s133%
450 56.7 0.94 121 | 1121 | 1121 | 008 | 125 | +133%
750 55,5 096 1026 | 1026 | 1026 | 040 | 097 | s120%
835 55.2 0.97 9.90 9.90 090 | 036 | 088 | +120%
1750 534 1.49 5,49 49 | 849 | 033 004 | £120%
1900 53,3 1.52 B.14 8.14 8.14 034 | 093 | £120%
2300 520 181 809 | 809 | 800 | 033 | ose | s120%
2450 52.7 195 7.93 793 | 793 | 037 | o085 | s120%
2600 525 2.16 7.70 770 | 770 | 018 | 108 | s120%
5250 489 5.36 4,80 420 | as0 040 | 190 | £131%
5600 485 5.77 4.18 4.18 418 | 040 | 190 | £131%
5750 483 594 4.48 448 | a48 | 045 | 190 | s134%

crmummmmmxmomm-adm!umsvuamm(mpmz)mummnzmmm
uncertainty is fhe RSS of the Conv uncenainty st calteation Trequency and the ¢ y for the d frequency band. Freguency valkdity
Delow 300 MMz is 4 10, 26, 40, 50 ang 70 MHz for ConwF assessments at 30, 64, 128, 15-0“220'01:%11 Above § GHz frequency
Mmummwnmmv
Al&m-m«]bm,m\mtydmwmumnywmlmmo:!mlvkud tarm pphed 10

measuned SAR values. Al freguencies above 3 GHz, the vaildity of tssue pa (canda) s 0 5% mwcmmyumnssu
the Coen uncenainty for indhcated targol issue porametors.

" Apha/Degih are ounng SPEAG wwTants that Ihe remsnng ceviation due 10 ihe boundary effect after compensation =
ahways less than = 1% for frequoncies below 3 GHa and below £ 2% for frequencies Detween 3-6 GHE af any detance targer than hall the probe 1o
diameter rom the boundary.

Certificate No: EX3-3863_May17 Page 8 of 38
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HCTCO, LTD.
EX3DV4- SN 3863 May 31, 2017
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Certificale No
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Uncertainty of Frequancy Response of E-field: £ 6.3% (k=2)
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EX30DVA- SN.3863

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz,R22

; =51ty 2-&5;!;1 st teeg 1L T i g-ee s=g—-t

Ervor [08)

L] < > .

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

HCT CO.,LTD.
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EX30V4.- SN-3863 Ma 117
Dynamic Range f(SARcad)
(TEM cell , for= 1900 MHz)
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Uncertainty of Linearity Assesament: £ 0,6% (k=2)
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Conversion Factor Assessment

= B35S MHz WGLS RS (H_convF) = 1800 MHz, WGLS R22 (H_convF)

W PW

A% W

L
el reesed

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

o090
N AW O

=]

Davsitbon

. A4
LoHhoeLe

coomabho

‘10 08 08 D4

€2 00 02

o4 08 06 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 )ir‘rér;'gé;nént Triangular

| Connector Angle (*) ‘ 105.8 l
Mechanical Surface Datection Mode enabled

‘ Optical Surface Detection Mode | disabled

: Probe Overall Length | 337 mm

[ Probe Body Diameter | 10 mm ’
TP Lnngth 1 8 mm |

[ Tip 7D~|‘={rlnr_vtcf‘ 7?> 5—”.‘i“

Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to ‘Sensor Y Calibration Point | 1 mm
Probe Tip 1o Sensor Z Calibration Point | 1 mm
["Recommended Measuremant Distance from Surface | 1.4 mm

Cartficate No: EX3-3863_May17 Page 11 of 28
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Report No.: HCT-A-1706-F002-3

HCTCO.,,LTD.
Calibration Laboratory of K, Schwilsirtuchr ardienst
Schmid & Partner > \\\d///'- S Service sulsse d’bbu:'mw

Engineering AG % g Servizic svizzero di taratura
A

usstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swiss Accreddation Service (SAS)

L
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Mutitateral Agr for the

Cliert  HCT (Dymstec)

gnition of calibration certificates

Swiss Cailbration Service

Accroditation No.: SCS 0108

Certificate No: DB35V2-441_Nov16

|CALIBRATION CERTIFICATE

Otyect

Cafbration procedwea(s) QA CAL-05.8

Caliveation date

D835V2 - SN:441

November 16, 2016

Caibration Equipment used (MATE crtical for calbration)

This caldration cenificale documants the trac ity 10 nal

Calibration procedure for dipole validation kits above 700 MHz

standards, which malize the physical units of measurements (S1)
The maasurements and the uncarainties with confidence probability are geen on the following pages and are gan of the codificate

Al calibeations have been conducted in the dosed labormtory facility: ervimonment temperature {22 + 3)°C and humidity < 70%.

Primary Standards 10 ¥ Cal Date (Certificate No.) Schedulod Calitration
Power metar NRP SN 104778 08-Ape-16 (Mo, 217-02288/02289) Apra7
Powar sensor NRP.-Z91 SN 109244 06-Apr-18 (No, 217-02288) Apr1Y
Power sensor NRP-Z91 SN 103245 U6-Ape-16 (N, 217-02289) Apr-17
Relerence 20 o8 Attenuator SN 5058 (20K} 05-Apr-16 (Na. 217-02292) ApraY
Typo-N masmalch combination SN: 50472/ 08327 05-Apr-16 (No. 217-02295) Apr-17
Raterence Probe EX30V4 SN: 7345 15-Jun-16 (No. EXQ-7348_Jun18) Junt7?
DAES | SN 601 30-Dec-15 (No. DAE4-E01_Dec1s) Dac-18
Secondary Standards D# Check Date (in house) Scheduled Chock
Power matar EPM-442A SN: GB37480708 07-0ct-15 (In house check Det-18) In house chack: Oct-18
Powur sengor HP BABTA SN: US37222783 07-0ct-15 (in housa check Oct-18) In housa chack. Oct-18
Power sansor HP BRB1A SN MY&t0g2417 07-0ct-15 {In housa chuck Deci-18) n house chacikc Do 18
AF generalor R8S SMT-06 SN, 100072 15-Jun15 (in bouse check Oct-14) In house check: Oct-18
Neatwark Analyzec HP 8753E SN LJS37300585 15-00ct-01 (in house chack Dct-16) n house check: Oct 17
Nume Function Sgnatiyre

Colbrated by: Caaudio Levbier Laboratory Tocheician & )

| (S
Approved by: Kufja Pokovic Technical Managec

tssuod: November 17, 2016

This calibeation conficale shall not be reproduced axcept n full without written approval of the tabaratory

Cortificate No: D835SV2.441_Nov1é
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Calibration Laboratory of

=5
&
¥

Schmid & Partner SN P serce i
Engineering AG % C  senvitiosvizzro i tarntura

Zoughausstrasse 43, 8004 Zurich, Switzeriand % 7 N S Swiss Calibeation Service

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

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

Muttilsteral Agr for the gnition of callbration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE 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) 1EC 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 Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated Is transtormed 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
multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cortificato No: DB35V2-441_Nov16 Page 20l 8
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Measurement Conditions
DASY system configuration. as far as not given on pags 1.
DASY Version DASY5S V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency B35 MHz = 1 MMz
Head TSL parameters
The following paramaters and caloulations were applied.
Temporature Permittivity Conductivity
Nominal Head TSL parameters 220°C M5 0.90 mho/m
Measured Head TSL parameteors (220202)"C 408+6% 094 mho/m+6%
Head TSL temperature change during test <05'C — —
SAR result with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalized to 1W 9.38 W/kg = 17,0 % (k=2)
SAR sveraged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.11 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0,97 mho/m
Measured Body TSL parameters (220x02)°C 552+86% 1.01 mho/m + 6 %
Body TSL temperature change during test <05°C ..
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 248 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9,62 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.83 Wikg
SAR for nominal Body TSL parameters normalized to 1W 6.37 Wikg = 16,5 % (k=2)

Certficate No: D835V2-441_Novié
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 508Q-18)1Q
Retumn Loss -34.1dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4600 -46Q
Retum Loss ~-240d8

General Antenna Parameters and Design

[ Electrical Delay (one direction) ] 1.369 ns ]

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feading line Is directly connected 1o the
second arm of the dipole. The antenna is theretore short-circuited for DC-signals. On some of the dipotes, smak end caps
are added 10 the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overail dipole length is sill
according to the Standard.

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

Additional EUT Data

Manufactured by SPEAG
Manulactured on March 08, 2001
Certificate No: DB35V2-441_Nov1g Pagedola
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DASYS5 Validation Report for Head TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: DB35V2; Serial: D835V2 - SN:441

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

Medium parameters used: =835 MHz: o= 0.94 S/m; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72): Calibrated: 15.06.2016:
e Scnsor-Surface: | 4mm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601; Calibrated: 30.12.2015
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

« DASYS5252.8.8(1258): SEMCAD X 14.6,10(7372)

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

Reference Value = 61.83 V/im; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.67 Wikg

SAR(] g) = 2.43 W/kg: SAR(10 g) = 1.57 W/kg

Maximum value of SAR (measured) = 3.27 W/ikg

dB
0

-2.23

-4.47

8.94

117

0dB =327 Wkg =515 dBW/kg

Cerntificate No: DB35V2-441_Nov18 Pago 5ot 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 16.11.2016
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2: Serial: D835V2 - SN:441

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

Medium parameters used: =835 MHz; o= 1.01 $/m; g, = 55.2; p= 1000 k;—y’m'
Phantom section: Flat Section

Meusurement Standard: DASYS (IEEEAEC/ANSI C63.19-201 1)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Calibrated: 15.06.2016:
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.12.2015
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

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

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

Reterence Value = 59.90 V/m: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg: SAR(10 g) = 1,63 W/kg

Maximum value of SAR (measured) = 3.25 W/kg

212
424
£.37

-8.49

-10.61

0dB =325 W/kp =5.12 dBW/kg

Centificata No: D835V2-441_Novié Page 7ol B
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impedance Measurement Plot for Body TSL

M2 11 LOS S df/REr 20 ® 1123 9%8 of 15,9000 068 mH2

et
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FCC ID: ASLSMJ701F
HCTCO,LTD.

Report No.: HCT-A-1706-F002-3

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughaussirasse 43, 8004 Zurich, Switzerfand

S Schweizsrischer Kafibcierdiens!
c Seryice suisse d'étalonnage

Servizio svizzero di taratura
S swiss Calibration Service

Accredied by the Swess Accreditation Service (SAS)
The Swiss Accreditation Service in one of the signatories to the EA
Muitilateral Agr ant for the gnition of cafibration certificates

HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation Ne; SCS 0108

Cllent Certificate No: D1900V2-5d032_Mari17

Ooject D1900V2 - SN:5d032
Calloration procecurs(s) QA CAL-05.v@

Calibration procedute for dipole validation kits above 700 MHz
Catbration date March 21, 2017

This calibration cortdficate documonts the traceabiily o nationa! standards, which reakze the physical units of meanurerments (S1)
The messurements and the unceraindiss with confidence probabiity are given on the following pages and e part of the cotfficate.

Al caliteations have basn conduciad in the closed laboratory facility: anvwronment tomporature (23 + 3)°C and humidity < 70%

Caloraton Equipment used (METE crisical Tor calitbrstion)

[Th‘s calibestion certilicats shall not be reproduced except i full without weitton appeoval of the laboratory

Primary Stsndards 1D # Cal Dato (Cortificalo No. | Scheduled Calbration
Fowar matee NFP SN: 104778 06-Ape-16 (No, 217-02288/02286) Apr-17
Powee sansor NRP-Z31 | SN 103244 06-Ape-18 (No. 217.02260) Apr-17
Power sarsor NAP-261 SN 103245 06-Apr-16 (No. 217-02280) Apr-17?
Fataronce 20 dB Atenuator SN: 5058 (20k) D5-Apr-16 (No. 217-02292) Ape17
Type-N mismaich combination SN: 5047 2 / 06327 0f-Apr-18 (No. 217-02295) Ape-t7
Aatarsnce Probe EX3DVa SN. 7348 31:Dec-18 (No. EX3-7340_Dec16) Dec7

| DAEA BN: 601 04-Jan-17 (No. DAE4-801_Jan17) Jan-18
Socondary St s L0 Check Date (In house) Scheduled Check
Powes metar EPM-442A | SN GBIT4B07T04 07-0ct-15 {in house chack Qot-16) In house ohack: Oct-18
Powet sensor HP B4B1A SN US3T292783 07-0ct-15 (In house chack Ogt-16) In house chack: Oct-18
Power sensor HE BABIA SN MYs1002317 07-0ct-15 {in house check Oct-16) In house chack: Oct- 18
RF pacemtor RAS SMT08 SN: 100572 15 Jun-15 (n house check Oct-16) in house chack: Oct-18
Nabwork Anatyzer MP B753E SN USHTI0685 16:0c2:01 (In house check Oct-16) In bouse check: Oct-17

Name Function Signature

Calibrated by. Johannes Kurikka Laboratory Technician 7 Lo
Approved by Katja Pokovic Technical Managot

e

issupod. March 23, 2017

Certificate No: 01800V2-50032_Mar17
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Calibration Laboratory of S, s s Jocher Kaflbe

Schmid & Partner % Service sulsse d'islonnage
Engineering AG T C garvizio svizzero ot tavsrs

Zoughausstrasse 43, 8004 Zurich, Switzerland TN S swiss Calibration Service

Accrotited by the Swiss Accruditation Sarvice (SAS) Accreditation No.: SCS 0108

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

Multilateral Age t far the recognition af calibeation certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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 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 iow
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%.

Cerificats No: D1800V2-54032_Mart7 Page20f8
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Measurement Conditions
DASY system configuration, as tar as not given on page 1
DASY Version DASYS vs24a8
Extrapolation Advanced Extrapolation
Phantom Modular Fist 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 20'C 400 1,40 mho/m
Measured Head TSL parameters (22002} "C 403+£6% 138 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
SAA measured 250 mW input power 9.91 Wikg
SAR for nominal Head TSL parameters normalized to TW 40.0 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 518 Wikog
SAR for nominal Head TSL parameters normalized to TW 20.9 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 20'C 533 1.52 mho/m
Measured Body TSL parameters {220+02)"C 541 26% 1.50 mho/m = 6 %
Body TSL temperature change during lest <05"C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input powsr 10.0 Wikg
SAR for nominal Body TSL parameters normifized o 1W 40.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.30 Wikg
SAR lor nominal Body TSL parameters normalized 10 1W 21,4 Wikg = 16.5 % (k=2}
Cortihcate No: D1900V2-54032_Mar17 Page 3o0f 8
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Report No.: HCT-A-1706-F002-3

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point

5170Q+53Q

Retumn Loss -253d8
Antenna Parameters with Body TSL
Impedance, transtormed 10 feed point 471Q+82 10
Retum Loss -231d8
General Antenna Parameters and Design
I Electrical Detay (one direction) I 1.184 ns

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

The dipols is made ol standard semirigid coaxial cable. The centar conductor of the feeding line is ditactly connected fo the
sacond arm of the dipole. The antenna is therefore short-circusted for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arma in order 1o improve matching when loaded according 1o the position as axplained in the
*‘Measurement Conditions* paragraph. The SAH data are not affected by this change. The overall dipole length is still

according 1o the Stundard.

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

feadpoint may be damaged.

Additional EUT Data

Manufactured by

Manulactured on

March 17, 2003

Centificate No: D1900V2-54032_Mar17
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DASYS5 Validation Report for Head TSL

Date: 21.03.2017
Test Laborstory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

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

Medium parameters used: f= 1900 MHz; o = 1.38 §/m; & =40.3; p = 1000 kg/m
Phantom section: Flat Section

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

DASY352 Configuration;
e  Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016;
o Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01,.2017
« Phantom: Flat Phantom 3.0 (front); Type: QDODOPSOAA; Serial: 1001

« DASYS2352.88(1258); SEMCAD X 14.6,10(7372)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x8x7)/Cube 0:
Measurement grnid: dx=5mm, dy=5Smm, dz=5mm

Reference Value = 107.2 V/im; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 18.6 Wikg

SAR(1 g) = 9.91 Wikg: SAR(10 g) = 5.18 W/kg

Maximum valuc of SAR (measured) = 154 Wikg

dB
0

-3,60
-1.20
-10.80

-14.40

-18.00

0dB = 154 W/kg = 11.88 dBW/kg

Cenificate No: D1900V2-50032_Mar17 Page5olB
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 21.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d032

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

Medium parameters used: = 1900 MHz; 6 = 1.5 S/m; £, = 354.1; p = 1000 kg/m’
Phantom scction: Flat Scction

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12.2016:;
o Sensor-Surface: 1.4mm (Mechuanical Surfsce Detection)
« Electronics: DAE4 Sn601: Calibrated: 04.01.2017
o  Phuantom: Flat Phuntom 5.0 (buck); Type: QD 000 P50 AA; Serial: 1002

« DASYS2 S2.8.8(1258), SEMCAD X 14.6.10(7372)

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

Reference Value = 104.1 V/m; Power Drift = -0.05 dB

Peak SAR {extrapolated) = 17.9 W/kg

SAR(] g) = 10 W/kg; SAR(10 g) =53 W/kg

Maximum value of SAR (measured) = 14.9 Wikg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB = 14.9 Wkg = 11,73 dBW/kg

Certficate No: D1900V2-53032_Mar17 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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HCTCO, LTD.
Calibration Laboratory of e, Schweizarischer Kaiibrieeds
Schmid & Partner N S Service suisse d'étalonnage
Engineering AG % C garvisio svizsero o tarwturs
Zeughausstrasse 43, B004 Zurich, Switzerland N S Swiss Calibration Service

Accredied by (s Swiss Actredration Service (SAS)
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calitiration cerfificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certiticate No: D2450V2-743_Mar17

CALIBRATION CERTIFICATE

Obyect

Caloration date

Calibration procedune(s)

D2450V2 - SN:743

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

March 15, 2017

Caitration Equipment Laed (MATE oiticsd jor calibration)

This calibration cortificate documents the traceabilty lo nationa! standargs, which reize tha physcal units of maasursmants (51)
Tha measurements ard the uncertaintes with confidence probabdity are given on the lofowing pages and ire part of the certificats

' M calibentions have been conducted in the closed laboratory faciy: emvironmant lamparature (22 = 3)°C and humidty «< 70%

Prmary Standards D # Cul Date (Contificite No.) Scheduled Caliteation
Power motor NRP SN 104778 06-Apr-16 (No. 217-022880228%) AT
Power sensor NFRP-Z91 SN: 103244 05-Apr-18 (No. 217-02248) Aped?
Power sensor NRP-Z31 SN: 103245 06-Apr-18 (No. 217-02289) Ape7
Reforence 20 ¢B Atlenuntor SN: S058 (20) 05-Apr-16 (No. 217-02202) Ape?
Typo-R mismatch combinabon SN: 5047 2 / 06327 05-A0r-16 (No. 217-02295) Apr-i7
Faterence Prodbe EX3IDVA 8N: 7348 31-Dee-18 (No. EX3-7349_Dec16) Dec-17

| DAES L SN 8 O4-2an-17 (No. DAES-E01_Jan17) Jan-18
Secondary Standards 10 ® Check Dose {in housa) Sonedusea Chocx
Power mater EPM-442A SN: GBI7480704 D7-0ct-15 (In houss check Oc1-16) In house check: Oct-18
Fower sensor HP BLBIA SN: USa72027683 07-0ct-15 (In houss chack Oct-16) In house check: Oct-10
Power sensor HP BAG1A BN MY41082317 07-0ct-15 (in house check Oct-16) In house check: Oct-18
AF genarator R4S SMT .06 SN; 100972 15-Jun-15 (In house check Oct-16) In house oheck: Oct-10
Natwork Analyzos HFP 8753E SN: USrasosas 18-Cct-01 {in houss check Oct-18) In houss chack: Oct 17

Name Function Signature

Calibemtad by, Joharnes Kurida Laboratory Technician 7‘_, Z
Approved by Katja Pokavic Tochnionl Managor

AT

lssued March 0, 2017

This calbranon cerificate shall not be 1eproduced excopt in full without writton spproval of ihe labosatory.

Cerfibcate No: 02450V2-743_Mart7
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Calibration Laboratory of 2, G  Schweizerischer Kalibrierdienst
Schmid & Partner %’Q G Service suisse détaionnage
Engineering AG P Servizio svizzero di tarstura
Zeughauustrasse 43, 8004 Zurich, Switzerland X S Swiss Calibration Secvice
Accredited by the Swiss Accreditntion Servcs (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories 10 the EA
Muttilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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

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
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%.

Cortihcate No: D2450V2.743_Man17 Page 20i 8
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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 Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy. dz = 5mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220'C 392 1.80 mho/m
Measured Head TSL parameters (220202)°C 37B20% 1.87 mho/m = & %
Head TSL temperature change during test <05°C —eee —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAH measured 250 mW input power 13.6 Wikg

SAR for nominal Head TSL parameters normalized to 1W

53.0 Wikg = 17.0 % (k=2)

SAR averaged over 10 ecm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.30 Wikg
SAR for nominal Head TSL parameters nomalized 1o 1W 24.8 W/kg = 16.5 % {k=2)
Body TSL parameters
The following parameters and calculations were appied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 527 1.95 mha/'m
Measured Body TSL parameters (220=02)"C 528:z6% 203 mho/m =86 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR measured 250 mW input powar 129 Whg
SAR for nominal Body TSL parameters nommalized to 1W 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW Input power 6.04 W/kg
SAR for nominal Body TSL parameters normalized 1o 1W 23,9 W/ikg = 16.5 % (k=2)
Certificate No: D2450V2-743_Mar17 Page3ola
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o leed point 5440+72Q
Retumn Loss -21.8d0

Antenna Parameters with Body TSL

Impedance, translormed 10 feed point 0104780

Returm Loss ~222d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1.160 ns

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

The dipole is made of standard samingid coaxial cable. The center conductor of the feeding fine s directly connected 1o the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals, On some of the dipoles, small end caps
are added o the dipoie arms in order 10 improve matching whan loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length (s stil
according to the Standard.

No excessive lorce must be appiied 1o the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_Mart7 Pagedof8
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DASYS5 Validation Report for Head TSL

Date: 15.03.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT; Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743

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

Medium parameters used: = 2450 MHz: o = .87 S/m; £ = 37.8. p= 1000 kg/m
Phantom section: Flat Section

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

DASYS2 Configuration
« Probe: EX3DV4 - SN7349: ConvF(7.72, 7.72, 7.72); Calibrated: 31.12.2016;
¢ Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS5252.8.8(1258); SEMCAD X 14.6,10(7372)

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

Reference Value = 115.8 V/im; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6.3 W/kg

Maximum value of SAR (measured) = 22.3 W/kg

-4.50
-9.20
-13.80
-18.40

-23.00

0dB =223 Wikg = 13.48 dBW/kg

Certificato No; D24350V2-743_Man7 Page50l8
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Impedance Measurement Plot for Head TSL

F-TP22-03 (Rev.00) 201 /214 HCT CO.,LTD.



| |
ha- FCC ID: A3LSMJ701F Report No.: HCT-A-1706-F002-3

HCTCO,,LTD.

DASYS5 Validation Report for Body TSL
Date: 15.03.2017
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:743
Communication System: UID 0 - CW, Frequency: 2450 MHz
Medium parameters used: T = 2450 MHz: o = 2.03 S/m; & = 52.8; p = 1000 kg/m

Phantom section: Flut Section
Messurement Stundard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(7.76. 7.79. 7.79): Calibrated: 31.12.2016:
o  Sensor-Surface: L.4mm (Mechanical Surface Detection)
o Electromics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (back); Type: QD D00 P50 AA; Senal: 1002

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

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

Reference Value = 105.3 Vim; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 25.5 Wrkg

SAR(1 g) = 12,9 W/kg; SAR(10 g) = 6.04 W/kg

Maximum value of SAR (measured) = 20.2 Wikg

-4.40
-8.80
-13.20
-17.60

-2z.00

0dB = 20.2 W/kg = 13.05 dBW/kg

Cortificato No: D2450V2-743_Man7 Page 7 of 8
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Certificate No: D2600V2-1015_Jan17

CALIBRATION CERTIFICATE
Object D2600V2 - SN:1015
Caliration peocadureds) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calibration date

January 18, 2017

Cuibration Equipment used (MATE critical for calibration)

Ths culibration cenificate dooumerits 1he traceability 10 national standards, which realize the physical unds of measuraments (S1),
The measurements and the uncentainies with confidence protinbilty are given on the following pages and are pan of e cenficate

Al colibrrhons have boen conductod in the clased laboratory facilty: emvironmaerd tompemture (22 + 3)°C and humidity < 70%

Calibeatod by:

Nutwork Annlyzet HP? B753E

SN: US37390565

Nama
Lot Klysnor

Katja Pokavic

16-0ct-01 {In house chisex Oct-18)

Function
Laboratory Technician

Techaionl Managor

Y~
T~

Issued January 19, 2017

Tha cabbration certificate shal nol b reproduced axcadt in full without weitten approval of the aboratory.

Primary Standards D Cal Oate {Certificate No.) Scheduled Caitiration |
Powsar mater NR#P | SN 04778 06-Ape-16 (No, 217-02208/02268) Apra7

Powar sansor NRP-281 5N 105044 D6-Ape-16 (N0, 217-02288) Apra7

Powes: sansor NRP- 281 SN 103248 06-Apr-16 (No. 21702260) Apra7

Faterenca 20 o8 Atsaualor SN; 5058 {20K) 05-Apr-16 (No, 217-02292) Aprat?

Type-N mismaich combination SN: 5047.2 1 06327 05-Apr16 (No. 217-02265) Aper7

Faterance Probe EXIOV4 SN 7340 31-Dec-16 (No. EX5-7340 _Dec16) Doc 17

DAE4 SN: 601 04-Jan-17 (No, DAESB01_Jan17) Jan-18

Secontary Standurds D# Check Date (n house) Schaduled Check
Power meter EPM-4424 SN: GB37480704 07-0ct-15 (in house check Oct-18) In house check: Oct-18
Power sensor HP BAAIA SN: US37292783 07-0ct15 (in hovee chock Oct-18) in housa check: Oct-18
Powsr senuot HF BABTA SN: MY41002317 07-0ct-15 (n house check Oct-18) in house check: Oct-18
RF genarator RS SMT-06 SN: 100972 15Jun-15 (n house check Oct-18) In house chock: Oct-18
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Calibfation Laboratory of 5\\‘\‘@";.; G Schweizsrischer Kaiibrierds
Schmid & Partner e Service sulsse d é¢talonnage
Engineering AG % C Servisio evicsaro di taratura
Zuughausstrasse 43, 8004 Zurich, Switzstland % ’-/_\-n’?\ N S  Swiss Calibeation Service
Accredited by Ihe Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 10 the EA
Multilatersl Agreement for the recognition of calibration certificatas

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

« Feed Point Impedance and 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.

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

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

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

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

The nereoned 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%.

Gartificato No: D2600V2-1015_Jan17 Page 2 of 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 2600 MHz = 1 MM
Head TSL parameters
The following parameters and calculations wore appbed
Temperature Pearmittivity Conductivity
Nominal Head TSL parameters 220°C 8.0 1.86 mho/m
Measured Head TSL parameters (220202)C 37426% 2.05 mha/m + 6 %
Head TSL temperature change during test <D5°C ~=
SAR result with Head TSL
SAR avernged over 1 e’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.8 Wika
SAR for nominal Head TSL parameters normalized to 1W 57.5 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 250 mW input power 549 Wikg
SAR for nominal Head TSL parameters normaiized o 1W 255 Wikg = 16.5 % (k=2)
Body TSL parameters
The lollowing parameters and calculations were apphsd.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220%C 525 2,16 mho/m
Measured Body TSL parameters (220202)"C 52326% 220 mho/m =8 %
Body TSL temperature change during test <05"C -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAH measured 250 mW input power 13.8 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 55.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW input power 617 Wikg
SAR for nominal Body TSL pararmaters normalized 1o 1W 24.6 W/kg = 16,5 % (k=2)

Cortificate No: D2600V2-1015_Jan17 Pago 3ol B8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiormed to feed point 4880-.28 0
Return Loss - 30.3 dB

Antenna Parameters with Body TSL

Impadance, translomned 10 leed point S510-251Q2
HAetum Loss -2484d8

General Antenna Parameters and Design

| Etectrical Delay (one direction) [ 1.150 ns

After long 1erm use with 100W madiated power, only a sight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connectad 10 the
sacond arm of the dipole. The antenna is tharefora short-cirouttad for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order to improve matching when loaded sccarding to the position as explained in the
‘Measurement Conditions* paragraph. The SAR data are not affected by this change. The ovarall dipole length is stll
according to the Standard

No excessive force must be applied 1o the dipole amms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on October 30, 2007
Certificats No: D2600V2-1015_Jan17 Pago 4ol 8
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DASYS5 Validation Report for Head TSL

Date: 17.01.2017
Test Laborntory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

Communication System: UID () - CW; Frequency: 2600 MHz

Medium parameters used: = 2600 MHz; o = 2,05 S/m; & = 37.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration
o Probe: EX3DV4 - SN7349; ConvF(7.56, 7,56, 7.56); Calibrated: 31.12.2016;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 PSO AA; Seral: 1001

o DASYS525288(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 116.7 V/im; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 32.4 W/ikg

SAR(1 g) = 14.8 Wikg; SAR(10 g) = 6.49 W/kg

Maximum value of SAR (measured) = 25.3 W/kg

dB

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =253 Wikg= 14,03 dBW/kg

Certificate No: D2600V2-1015_Jan17 Page 50i 8
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impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 18.01.2017

l'est Laboratory: SPEAG, Zunich, Switzerland

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

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

Medium parumeters used: 7= 2600 MHz: 6 = 2.2 S/m; &= 52.3; p= 1000 kg/m’
Phantom section: Flat Section

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

oy

DASYS52 Configurstion

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

Probe: EX3DV4 - SN7349; ConvF(7.48, 7.48, 7.48); Calibrated: 31.12.2016;
Sensor-Surface: 1 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.01.2017

Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002

DASYS2 S2.8.8(1258); SEMCAD X 14.6.10(7372)

Measurement grid: dx=5Smm, dy=Smm, dz=5Smm
Reference Value = 108.8 V/im; Power Drift = 0.06 dB
Peak SAR (extrapolated) = 28.6 W/kg

SAR(I g) = 13.9 W/kg; SAR(10 g) = 6.17 W/ikg
Maximum value of SAR (measured) = 23.4 Wikg

dB

-4.60

-9.20

-13.80

-23.00

0dB = 23.4 W/kg = 13.69 dBW/kg

Certficate No: D2600V2-1015_Jan17 Paga7ot8
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Certificate of conformity / First Article Inspection

Item Triple Modular Flat Phantom V5.1
Type No QD 00C P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzertand
Tests

The sub-units of item 1100 are identified with the designation 1100/1, 1100/2 and 1100/3. Tests were
conducted on all 3 sub-units of this phantom.

Test Requirement Details Units tested
Material Compliant with the standard 2 mm +/- 0.2 mm all
thickness requirements. 30 points over the bottom area R
Material Dielectric parameters for required | 200 MHz - 6 GHz - Material
parameters frequencies Relative permittivity 3 - 5 sample
Loss tangent < 0.05.
Material The material is compatible with DGBE based simulating liquids, | Material
resistivity the liquids defined in the Observe Technical Note for Samples
standards if handled and cleaned | material compatibility.
according to the instructions.
Shape Internal dimensions Internal height: > 175 mm Pre-series,
Bottom internal length: 280 mm | design
Bottom internal width: 175 mm
Nominal filling height: 155 mm
Nominal volume: 8.2 |
Sagging Depending on standard No initial sagging (negative 1100/2
preshaped, change < 0.5 mm)
Standards

[1] IEEE 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Abscrption Rate (SAR) in the Human Head from Wireless Communications Devices; Measurement
Techniques®, June 2013

{2] |1EC 62209 - 1, “Specific Absorption Rate (SAR) in the frequency range of 300 MHz to 3 GHz -
Measurement Procedure, Part 1: Hand-held mobile wireless communication devices”, February

2005

[3] |EC 62209 - 2, "Evaluation of Human Exposure to Radio Frequency Fields from Handheld and
Body-Mounted Wireless Communication Deavices in the Frequency Range of 30 MHz to 6 GHz:
Human models, Instrumentation and Procedures, Pant 2: Procedure to determine the Specific

Absorption Rate (SAR) for ..

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

Conformity

. Including accessories and multiple transmitters”, March 2010

Based on the dimensions and sample tests above, we certify that this item is in compliance with the
standards [1] to [4] for frequencles > 700 MHz, if operated according to the specific requirements.

Date 16.07.2015
slgn.'ur’ , smm _LQ__LL—
Ww By necrrp N‘
St apes 13 4.,01 =
PAELE S5 e 2459779
oam g I.‘vw-w spcaqoun
DocNo BB1-~QDOXOPS1C-0 Page 1(1)
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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 bactericide 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. Harts grove.

Ingredients Frequency (MHz)
(% by weight) 1900 2450 — 2700

Tissue Type Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2

Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1
Sugar 57.0 449 0.0 0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0

Bactericide 0.1 0.1 0.0 0 0.0 0.0

Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0
DGBE 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

F-TP22-03 (Rev.00) 213 /214 HCT CO.,LTD.
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Attachment 6. - SAR SYSTEM VALIDATION

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

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

Probe Dielectric Parameters CW Validation Modulation Validation|

E’I'r;;?: Ca:i:%riittion Dipole Date Measured Measur.quSensitivity Probe | Probe | MOD. Duty PAR
Permittivity Conductivit LinearityIsotropy| Type Factor

7 1630 [ET3DV6|Head| 835 441 | 2017.03.10 41.3 0.88 PASS | PASS | PASS |GMSK|PASS| N/A
7 1630 [ET3DV6|Head| 835 441 | 2017.03.10 41.3 0.88 PASS | PASS | PASS | N/A | N/A | N/A
7 1630 [ET3DV6|Body | 835 441 |2017.03.10 55.4 0.97 PASS | PASS | PASS |GMSK|PASS| N/A
7 1630 [ET3DV6|Body | 835 441 |2017.03.10 55.4 0.97 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |EX3DV4|Body | 835 441 |2016.12.30 55.4 0.99 PASS | PASS | PASS | N/A | N/A | N/A
12 7370 [EX3DV4|Head | 1900 | 5d032 |2017.03.31 40.1 1.42 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 |EX3DV4|Body | 1900 | 5d032 |2017.03.31 53.3 1.53 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 |[EX3DV4|Head | 2450 743 |2017.03.24 39.2 1.83 PASS | PASS | PASS |OFDM| N/A [PASS
8 3967 |[EX3DV4|Head| 2450 | 743 |[2017.03.24 39.2 1.83 PASS | PASS | PASS |OFDM| N/A [PASS
11 3076 [ES3DV3|Body | 2450 | 743 |[2017.03.24 52.8 1.94 PASS | PASS | PASS |OFDM| N/A [PASS
8 3968 |[EX3DV4|Head| 2600 | 1015 [2017.01.30 39.1 1.94 PASS | PASS | PASS | NA | N/A | NA
1 3863 [EX3DV4|Body | 2600 | 1015 [2017.01.31 52.3 217 PASS | PASS | PASS | N/A | N/A | N/A

SAR System Validation Summary 1g

Note;

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