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FCC ID: ABLSMJ700T Report No: HCT-A-1603-F009-7
HCTCO,LTD
Calibration Laboratory of S,
Schmid & Partner —r
Engineering AG 3 ¥

Accrecited by the Swiss Accrediaton Servica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Mudtitateral Agreemont for the recognition of calibration certificates

This caltrabion cerficats documents the traceabilty 1o national slandards, which realze the piry uits of me 184

Tho meast and the Intles with confidence pratobitty ore given oo the Tollowing pages and are pan of (he cenificate.

All caltwations hawe beon conducted n the doasd lab y facity: t ternp {22 = 31°C and tamidity < 70%.

Caktraton Equipment used (MATE crtieal for cabibration)

Primary Standards o Cal Date {Certficato No.) Scheduled Calbeation
Power meter E44198 GBA1283874 Q1-Apr-15 {No. 247.02128) hisi-16
Power sansor E4A412A MY4146e087 01-Apr-15 (No. 217-02128) Mar-16
Refarance 3 08 Atlerssior ‘SN 55054 3¢} Ot-Apt-15 (No. 217-02129) Mar-18
Reterance 20 08 Attenustor | 5N: S5277 (20x) 01-Apr-18 (No. 247.021321 Mar- 16
Rederence 30 05 Attenuotor SN 55129 (308) D1 Ape-15 (No. 247.02133} Mar-16
Reference Probe ES30V2 SN: 3013 40-Dec-14 (No. ES1.3013_Decid) Dec-15
DAE4 SN: 680 14-Jan 15 (No. DAE4-660_Jan15) Jan-16
Secondey Stancargs i3] Check Date (in house) Scheduled Check
RF gerseator HP 86450 USIB42001700 A-Aug-99 (in house check Apr-13) In nousa chock: Apr-156
Network Analyzer HP 8753E US3739068% 18.0ct.01 {in house chack Cet-14) In house check: Oat-15
Cafinrated foy!
Approved by
This catbeation corficate shail not be reprod; excapt in full wihout wiimen appeoval of the lab y
Cerlificate No: ET3-1605_Apr1S Page 10f 11
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HCTCO,LTD

Calibration Laboratory of S  Schweizeriacher Kaiibrierdianst

Schmid & Partner G Service suisse détatonnage
Engineering AG s Servizio svizzoro di taratura

Zeughousstrasse 43, 8004 2urich, Switzortand Swiss Calibration Service

Accredited by the Swiss Accraddaton Servicn (SAS) Accroditation No.: SCS 0108

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

Muititateral Agreemant for the recognition of calibration cortificates

Glossary:

TSL tissue simutating liquid

NORMx,y.2 sensitivity In fres space

ConvF sensitivity in TSL / NORMx.y.2

DeP dioda compression point

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

ABCD modulation dependent finearization parameters

Polarization » @ rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

o ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for I < 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 DASYA software to improve probe accuracy close 1o the boundary. The sensitivity in TSL comesponds
to NORMRx.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 allows extending the validty from £ 50 MHz to + 100
MHz.

o Sphencal isotropy {3D deviation from isotropy): in a field of iow gradients realized using 8 flat pharitom
exposed by a patch antenna.

s Sensor Offsel: The sensor offset corresponds to the offset of vinual measiurement center from the probe tip
{on probe axis), No tolerance required.

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

Certificate No: ET3-1605_Apris Page 2 of 11
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Probe ET3DV6

SN:1605

Manufactured:  July 27, 2001
Calibrated: April 27, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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Report No: HCT-A-1603-F009-7

ETIOVE~ SN, 1605

Apal 27, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z Unc (k=2)
Norm (uV/(Vim)*)" 1.49 191 1.61 2101 %
OCP (mV])" 100.4 99.7 i 100.3
Modulation Calibration Parameters
(D" ] Communication System Name | a 8 c D | VR | Unc
. . d8 | dByWv d8 mv (k=2}
C | cw [ X oo |00 | 10 [000 | 1896 | 230%
; LY T 00 0.0 1.0 |84z |
| [ 2| 00 | 0o 1.0 | 777

prabability of approximately 95%.

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

A The uncanainties of NormX.Y .2 do not attect the E*-field urcartainty inside TSL (soe Pages 5 and 8)

"N | y uncertainty not requined,

* Uncerainty & m-n‘ng using the max, deviation from lineas resporse applying rectanguiar Bstibution and & expressed for the scuare of he

Sald value
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ETIDVH~ SNI1605 April 27,2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unct.
F{MHz)® | Permittivity” (sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0,89 6.64 6,64 584 0.26 3.00 +120%
835 41.5 0.90 6,33 6.33 £.33 0.28 300 | 2120% |
900 415 0.97 6.14 6.14 8.14 0.31 3.00 | £120%
1450 40.5 1.20 537 5.37 537 0.45 264 £120%
1750 401 1.37 5.20 5.20 520 0.73 215 +120%
1900 40.0 1.40 5.01 501 | 501 0.80 212 £12.0 %
1950 40.0 1.40 4.94 4.94 4.94 0.80 2.05 £120%
2300 395 1.67 477 477 477 0.80 1.88 £12.0%
2450 39.2 1.80 4.57 4.57 457 0.85 1.75 £12.0%

‘Fymvmmmmzd:100'Mxodvmmmmsvvunwmlwwmn else it i reatricted o + 50 Mkz. 'mo
uncartainty is the BSS of the Conv uncarsrty al calibration freguency and y bard. F
beorw 300 MHz i = 10, 25, 49, wwroummwwm:\o 84,128, 150m220mumm-¢y Amscw«mm
validity can be extended to + 110 MHz
¥ A frequencies below 3 GHZ, the validity of tissue parameters (& and a) can be rolaxed o + 10% # lquid P Y formus S apphed to
measired SAR values. A froquencies above 3 Giz, the valdty of tisson paramaters (¢ 800 =) & restncted 1o £ 5% The uncertarty & the RSS of
maCommeyfnrmm:bdlmimmm

are determinad during caibeation. SPEAG warmants that the remaining deviation due to the boundary effect after compensation is

shways less than £ 15 foe freguencies hefow 3 GHz and helow & 2% for frequencies betwien 34 GHz at any distance Sarger than hall tha pobs tip
d@meter from (he boundiary.

Certificate No; ET3-1605_Apr15 PageSof 11
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ET30VE- SN, 1605 Aprit 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity [ Depth © Unct.

f{MHz) | Permittivity” (8im)" ConvEX | ConvFY | ConvFZ ‘ Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 8.21 0.30 2.7 +12.0%
835 65.2 097 811 6.11 .11 030 | 3.00 £12.0 %
1750 53.4 1.49 4.66 466 4,68 0.80 2.62 +120%
1900 53.3 1.52 454 4.54 4,54 0.80 232 £120%
2450 52.7 1.95 4.18 4.18 4,18 0.79 1.80 £12.0%

< Frequency waidity above 300 MHz of = 100 MHZ coly aoplies for DASY w44 and higher (zee Pags 2), 9l € is resinicted to + 40 Mz, The
uncartainty 15 the RS of e Coovl ucaTanty 3t calibration frequancy and the uncestainty for the indicatad frequenty band, Frequency valicity
below 300 MHz i + 10, 25, 40, 50 antt 70 Mz for ConvFF assasaments at 30, B4. 126, 150 and 220 MKz raspoctively. Above 5 GHz requsacy
validity can be axsanced 10 + 110 MHz

" A1 froquancies below 3 GHa, the validity of $3300 paramaters (£ and ) can be relaxed 16 = T0% If liquid comp
measured SAR values. At frequencies abaove 3 GHE the validty of ssus parametars (L and o) is reatricled 1o ¢ 5%, Tha uncenanty is the 7SS of
the Com uncerininty for indicated target issue parametars.

* AphaiDegth are dotoeminad during caltrasion, SPEAG warrants tat the remanng devialion due 10 the boundary effect after compensation s
alweys 055 than £ 1% for Freguencies balow 3 GHz and batow £ 2% for frequencies betwesn 3-6 GHx at any dstance larger than half the probe b
dameter from she bourdary

formiuds is spoied 10
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

ET30VE- SN.1605

Frequency response (normalized)
I ul

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

Apnil 27, 2015

Uncertainty of Frequency Response of E-fleld; £ 6.3% (k=2)

Certficate No: ET3-1805_Aor1S Page7oi 11
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Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz R22
- . . o o )
%‘ e e o = B i i S SV e o B
a
| ‘. AL _J‘_w 1 i . - ~ 1 == 4 T 4
. 4 -
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificate No: ET3-1606_Apr15 Page 8of 11
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ET3DVEH- SN:1605 Apnil 27, 2016
Dynamic Range f(SARpead)
(TEM cell , fova= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ET3-1805_ApriS Page Sof 11

F-TP22-03 (Rev.00) 146 /249 HCT Co., LTD



IaCT

HCTCO,LLTD

FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

ET3DVE- SN.1605

Conversion Factor Assessment

April 27, 2015

f= 835 MHz WGLS R® (H_convF) = 1900 MHz. WGLS R22 (H_convF)

i 2 3.: L
g . s ‘.
004 — - e ' bt et gl .'lj..l‘l‘.
19 w0 x L . % ~ L] 1 °0 a n 2 T “ .
2 frvd] gl el
i = = ovaned
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Ceniicate No: ET3-1605_Apr1§ Page 10 of 11
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ET30VE- SN1805 Apnil 27, 2015

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

Other Probe Parameters
Sensor Arrangement Tnangular
Connector Angle (*) I 887
“Mechanical Surface Detaction Mode T enabled
[ Optical Surface Detaction Mode T |7 disabled |
.ﬁméi'\gﬁ — == — 337 mm
“Probe Body Diameter == 10mm |
Tip Length - 10 mm |
Tip Drameser 8.8 mm
Probe Tip o Sensar X Calibration Point ' 27 mm |
{ Probe Tip to Sensor Y Cakbration Point 27mm |
“Probe Tip 16 Sensor Z Callbration Paint 27w |
Recommended Measurement Distance from Surface J = 4mm |

Certificate No: ET3-1605_Apri5 Page 11 of 11
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerfand

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

Service suisso d'etalonnage

/¢
\\

Servizio wvizzero o taratura
Swiss Calibeation Service

)
|
|

Accraditation No.: SCS 0108

Cafbration Equpment used (MATE orfical dor caltration)

Cattration dwe . R
This calbention cemficals documants the traceabiity (o national standards, which realize the physical units of 81
Trw wred the with protatdity wre gven on he folowng pages s are part of he cenificste,

AL Catbrations hitve baen conduced I the closed laborsitry ety srironment lemperaturs (22 £ 3)°C and bumidity < 70%

Thin caliooaton cerdcate Al no! be reproduced except In ful wehout wrisien approval of the latoratory

Prenary Standa 8] Cal Date {Certificate No ) Schecued Caltvation

Power meter E42108 OB41293874 01-Apr-15 (No 21702128) Mar- 14

Power sensor E4412A MY4&3395087 01 Apr-15 (No. 217.02128) Mar-18

Ry JdB A SN 55054 (3¢) 01-Apr-15 (No. 217.02129) Mar-16

Raokh 20 dB A SN SS277 (200 D1-Apr-15 (No. 217-02132) Mar-16

Aet 30 48 A SN: §5126 (300) D1-Apr-15 (No. 217-02133) Mar-16

Rolerence Probe ESIDV2 SN 3013 30:Dec-14 (No. ES3-3013_Dectd) Owc-15

OAE4 St 680 14-Jon-15 (Ne. DAE4-660_Jan15) Jon-16

Socordory Standard: 0 Chack Diste (10 houss) 5 Check

RF g HP BanC USISL2004 700 4-Aug-03 (in house check Apr-13) In houss check. Apr-16

Notwoek Anatyzor HP B7S3E | US37300885 18-Oet-01 {in house check Oct-15) In house check: Ot-16
Function

Cadbratod by y

Approved by:

Issurd: December 14, 2016

Certificate No. EX3-3967_Dec15

Page 1 of 11
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HCTCO,LTD

Calibration Laboratory of ST Sapaa Lo

Schmid & Partner = (i rempomsslocminaes
Engineering AG = Servizio svizzero o taraturs

Zeughausstrasse 43, B004 Zurich, Switzerland "C,@w‘? S Swiss Calibration Secvicy

Acoredaiud by 1he Swiss Accredantion Sevice (SAS) Accraditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibeation cartificates

Glossary:

TSL tissue simulating liquid

NORMx,y.x sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

oce dinde compression point

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

ABCD modulation dependent lincarization parameters

Polarization ¢ ¥ rotation around probe axis

Polarization 9 § rotation around an @xis that i in the plane narmal to probe axis (at measurement canter),

.2, 8 =0is normal to probe axis
Connector Angla Information used in DASY system to align probe sensor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) 1EC 62209-1, "Procedure to measure the Specific Absorplion Rate (SAR) for hand-hedd devices used in close
praximity 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 1o 6 GHz"

Methods Applied and Interpretation of Parameters;
NORMx.y. 2 Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; T > 1800 MHz R22waveguide)
NORMx,y.z are only intermediate values, i e.. tha uncertainties of NORMx,y,z does not affect the E*-fiald
unceriainty inside TSL {(sea below ConvF).

*  NORM(flxy.z = NORMXx.y.z * frequency_responss (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

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

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

o Axyz Bryz 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 s the maximum calibration range expressad in RMS voltage across the diode.

* ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical fiekd distributions based on power
measurements for f > B00 MHz The same setups are used for assessment of the parameters applied for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
0 NORMx,y.z * Convi wheraby the uncertainty corresponds to that given for Convie. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 Mz io £ 100
MHz

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

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

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

Cenificate No: EX3-3987_Dec15 Page 2of 11
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

EX3DV4 - SN 3967

December 16, 2015

Probe EX3DV4

SN:3967

Manufactured:  September 30, 2013
Calibrated: December 16, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Centificate No: EX3-3867_Dec1$
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

EXI0OVA- SN:3067

Docember 16, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z I Unc (k=2)
Norm (uVi(Vim)')" 0.54 0.38 0.48 2101 %
DCP (mV)" 1013 978 101.0 |
Modulation Calibration Parameters
uip c ication Sy Name A 8 | ¢ o VR Unc™
_____ d8 | dBVuv | dB mv (k=2)
0 cwW I x| o0 0.0 1.0 : 000 | 1450 | *35%
[y o0 0.0 1.0 ' 143.7
| Z 0.0 00 | 10 1382

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 1o a coverage
probability of approximataly 95%

* The urcanantes of Nomm X Y. Z do ot aftect the E'-Ssid uncanainty inside TSL (5ee Pages 5 and B)
¥ Numerica linearization parametor uncertamty not requred

! Uncertamity = detarmined using the max from Snear response apalying rectanguiar dstriiution and s expressed for the squane of the
Tield valkse
Cardificaite No: EX3.3967 _Dects Page 4 of 1
F-TP22-03 (Rev.00) 152 /249 HCT CO., LTD
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EX30V4- SN:3967 December 16, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Reiative | Conductivity Depth® | Une

1 (MHz)C | Permittivity (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 1027 | 1027 | 1027 | 021 | 139 | s120%
835 415 0.50 987 | 987 | 987 | 020 | 138 | s120%
900 415 097 970 | 970 | 970 | 025 | 115 | s120%
1450 405 1.20 819 | 810 | 819 | 020 | 0@ | s120%
1750 40.1 137 830 | B3s | 839 | 025 | o088 | 2120%
1900 400 1.40 8.11 B11 811 | 030 | oso | s120%
1950 40.0 1.40 790 | 700 | 700 | 038 | oss | s120%
2300 385 167 173 | 773 | 1713 | o3r | oss | 2120%
2450 392 1.80 7.42 742 | 742 | 040 | o080 | £120%
2600 390 1.96 747 | 797 | 747 | o1 | 083 | s120%
3500 378 291 769 | 769 | 769 | 0s4 | o083 | z131%
5200 6.0 466 sar | s37 | s37 | o3s | 180 | s131%
5300 359 476 504 | 504 | 504 | 040 | 180 | £131%
5500 358 496 ag7 | asr | 487 | oes | 180 | +131%
5600 355 5.07 465 | 485 | 465 | 0so | 180 | s131%
5800 353 5.27 a0 | aeo | 460 | 0s0 | 180 | +131%

© Frequancy validity above 300 MHz of = 100 MHz onty applies lor DASY vl 4 wnd higher (swe Page 2), oise & s restricted to 4 50 MMz, The
uncertarty § the RSS of the Com# uncentaintly it calibeation frequency and the uncartanty for the indicaled frequency band. Frequency valdity
bebow 300 Mz is = 10, 25, 40, 50 and 70 Miz for CanvF asseasments at 30, 62, 128 150 and 220 MHz respectively. Above 5 GHz frequency
Mmumm 190 MHe

" Al requencies delow 1 Gz, the valdity of tesue parameters (c and o) con be relaxed 10 = 10% It hquid por & L fied 10
measured SAR values. Al bequencies adbove 3 GHZ. the valldity of tssus paramaters (e and o) & restricted to ¢ 5% Th-mnysm-ﬂssa
(e Convi uncertenty for mdicated targel basue parameters

7 AlphaDepth are detmined during calibration. SPEAG warrants that the remaning deviation due i the boundary effact after compensation in
plways ss than + 1% for trequencies balow 3 GH2 and below £ 2% for fréquencies betwean 3-6 GHz at any distance larger than haif the probe tip
mameter from the boundary,
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EX3DV4- SN.3067 December 16, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth “ Unc
1(MH2)® | Permittivity " (&m)" ComvFX | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 55.5 0.96 9.92 9.92 282 022 141 £120%
835 56.2 0.87 976 9.78 976 0.24 128 | +120%
1750 53.4 148 8.04 8.04 8,04 040 085 | +120%
1800 53.3 1.52 7.95 7.95 7.95 0.35 0982 | +120%
2450 82.7 1.85 7.31 7.31 7.3 0.40 088 | +120%
2600 52.6 216 7.19 718 7.18 0.25 105 | +120%
3500 §1.3 a3 6.86 6.85 6.86 0.38 114 | #131%
5200 49.0 5.30 432 432 432 0.55 190 | £131%
5300 489 542 4 423 4.23 0.55 190 | £131%
5500 488 5.85 3.80 3.80 3.80 0.60 1.90 | £131%
5600 485 577 370 3.70 3.70 0.80 180 | £131%
5800 482 6.00 3.82 382 3.82 0.60 190 | +131%

“ Froquency vakdty above 300 MHz of £ 100 MHz only applies for BASY va.4 and tigher (see Page 2), eise It is resticted 1o & 50 MMz The
uncertainty is the RSS of the Coref uncortanty at cahbration fequency #nd the uncertmnty for the indcated fFeguancy band. Frogquancy validity
below 300 MMz is £ 10, 28, 20, 50 and 70 MMz for Convf assessments at 30 64, 128 150 and 220 Mtz respecively. Above § GHe frequency
vol(ily can be axdended %0 £ 110 MHz.

" At frequencies below 3 GHz. te validity of tssue parameters (e and «) can be relaned t £ 10% # fgud formute = sppied to
messured SAR values. Al requencieg above 3 GHE. 1he volcity of lssue pacamatan (¢ and o) W restricied 1o = 5% The uncertainty is the RSS of
the Cormnd uncanainty for indcated target lissue paramote:s

= Apha'Oepth are wd during \ SPEAS warrants that ihe remaining deviatian due 1o the boundary effect after compensabon o
always lgsa than 1 1% for freguoncies befow 3 GHz and below = 2% for frequencies between 3.8 GHz sl sy distance laeger than hall the probe tip
diamoter from fhe boundary.

Certificate No. EX3.3967 Dec1s Page 6of 11
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

EX3DV4a- SN.3967

esponse (normalized)

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

Dacember 16, 2015
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0 500 1000 1500 2000 2500
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~ | .
{ RZ2
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Cortificato No: EX3-3867_Dec15 Page 7ot 11
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Report No: HCT-A-1603-F009-7
HCTCO,LTD

EX3DV4.- SN2967

December 10, 2018
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz,R22
,‘u'-
:;? | seg-z0 r-gtra-ottt +3-3y e = b S $8=3 e e
&
Aot [] ,
5 sort T3 :

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN3967 December 18, 2015
Dynamic Range f(SAR}eaa)
(TEM cell , f,uu= 1900 MHz)
-
»
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r
> 0 8
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) | /
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=4 | j
5] | >
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€ 10 i =
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\ i
.
0 )
T |
10 10 10 10 10 10 10
SAR [mWicm3)
2] o]
not compensated compensated
1
g . .
T e S TS SIS RN
w
-"_“ 103 10 "')1 o 100 104
SAR [mWicm3d]
2] L)
net componsated compensatod
Uncertainty of Linearity Assassment: £ 0.6% (k=2)
Cendicate No, EX3-3067_Dec15 Page Sof 11
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FCC ID: ABLSMJ700T Report No: HCT-A-1603-F009-7

EX30V4- SN:3967

December 16, 2015

Conversion Factor Assessment

= 835 MMz, WGLS RS (H_com)

L - - . A - » L) \g "

Deviation f

f= 1800 MHz WGLS R22 (H_convf)

& b
&

rom Isotropy in Liquid

Error (4, 8), f = 900 MHz

10 -08 -08 -04

Q02 00 02 04 06 08 10
Uncaertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCO,LTD

Report No: HCT-A-1603-F009-7

EX30V4- SNAGET

Decomber 16, 2015

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

Other Probe Parameters

| Sensor Arrangement Triangular |
“Connector Angle () o 206
Mechanical Surface Delection Mode - " enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm |
Probe Body Diameter —— 10 mm |
| Tip Length S il T amm |
Tip Dismeter 25mm |
Probe Tip to Sensor X Calibration Point 1mm |
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
"Recommended Measurement Distance from Surface — 1.4 mm

Certiicate No. EX3-3967_Dec15 Page 11 of 11
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“"’C'- FCC ID: A3LSMJ700T Report No: HCT-A-1603-F009-7

HCT CO,LTD

Calibration Laboratory of 28D §  Schweaerischer Kailbrerdienst

Schmid & Partner % G Service sulsse détalonnage
Engimﬁng AG 5 — ;_: s Servizio svizzero di taraturn

Zoughausstrasse 43, 004 Zurich, Switzerland "a,,@é.w Swiss Calitration Service

Accredited by the Swisa Accreditaion Seevics (SAS) Accreditation No.: SCS 0108

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

Muftitateral Agreement for the recognition of calibration certificates

clier  HCT (Dymstec) Cortificass No: EX3-3903_Sep15

CALIBRATION CERTIFICATE

Objoct EX3DV4 - SN:3903

Caibation proceduleis) QA CAL-01.v8, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Caliraton date September 28, 2015

Thin cafitration cortificale docurments the trnceatifly o nations! oy, which reaize the physical ursts of {81

The messursments and the wceantion with confidence peobabiity are gren on the Salowing pages and are part of the coificate

M nove been n e closed aboratory faciity: envronment tempecuturs (22 = 31°C and humidry < T0%

Catbeution Eqgupment used (MBTE criical for calibration)

Primary Stande:cs D Cal Dt {Canficate No ) Schedued Calbvaton
Power matw E44168 GB41292474 0LApe-15 (No. 217-02128) Mar-18

Power ssnsor E4412A MY 41458087 | 01-Apr-15 (No. 217-02126) Mar-15
_Refatence 3 ¢B Atieruntor SN S5054 (ic) 01-Ape-15 (No. 217-02129) Mar-16

Referance 20 9 A SN: §5277 {20%) 01-Apr-15 (Na, 21702132} Mar-16

Reduronce 30 i SN 55120 {300) D1-Age-18 (Na. 217-02133) Mar-16

Raferance Probe E530V2 SN: 313 30-Dec14 (No. ES3-013_Decid) Dac-15

DAE4 SN 8680 14-Jan- 18 (No. DAE4-680_Jant5) Jan-10

Secondary Stardards 0 Check Date (in house) Schwduled Chock

RF generaior HP 86280 US3INEIU01700 £-Aug-99 (n house check Apr-13} In house check: Apr-16
N Anetyzer HF BTSIE | US37I00585 18-0c4-01 (i house chock Oct-14) M houss check: Oct-15

Name Function Sgnature
Cantratnd by Inae Efneouy Ladoatory Technician .
Aosrovod by Kt Pokonc Tochevca Manager M_

Issued September 30, 2015

Théa cafibration contificate shall not De repeotuced sxcept in iUl without wiitten anpraval of e laboasory

Certificate No: EX3-3003_Sap15 Page 1 of 11
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HCTCO,LTD

Calibration Laboratory of AT Schnweizarischer Katibrierd

Schmid & Partner % g Service suivse Cétalonnage
Engineering AG T g Servisio svizzero df taraturs

Zoughausstrasso 43, 8004 Zurich, Switaerland ‘-,,.’ﬁ\_,\?’ Swiss Callbration Service

Accrodiind by the Swess Accroditation Seevica [SAS) Accreditation No,: SCS 0108

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

Muttitateral Agreement for the recognition of caliiration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y.z sensitivity In free space

ConvF sansitivity in TSL / NORMx,y .z

nce diode compression point

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

ABCD modulation dependent linearnzation parametsrs

Polarization ¢ o rotation around probe axis

Polarization 5 4 rotation around an axis that is in the plane normal 1o probe axis (at maasurament center),

e, § = 0is nomal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 622091, "Procedure to measure the Specific Absorption Rata (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

¢} IEC 52209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless commumcation devices
used In close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

«  NORMYx,y.z- Assessed for E-field potarization § = 0 (f < 800 MHz in TEM-cell, f > 1800 MHz: R22 waveguide]
NORMx.y.2 are only intermediate values, e, the uncertainties of NORMx.y,2 does not aftect the E”™-fiekd
uncertainty inside TSL (see below ConvF).

o NORM(f)xy.z = NORMx.y,z * frequency_response (see Fraquency Response Char). This linearzation is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF

e  DCPx.y.z DCP are numerical linearization parsmelers assessed basad on the data of power sweep with CW
signal (no uncertainty required). DCP does not deperd on frequency nor media.

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

o Axy.z Bxy.z Cxy.z Dxyxz VRey.z A B. C, D are numerical linearization parameters assessed based on
the data of power swoep for specific modulation signal. The parameters do not depend on frequency nor
media. VA is the maximum callbration range expressed in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for { < BO0 MHz) and inside waveguide using analytical field distributions based on power
measurements for { > 800 MHz. The same sslups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncenainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
10 NORMSY,y.z * CanvF wheraby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4 4 and higher which allows extending the validity from £ 50 MHz to = 100
Mz

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

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

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

Certficato No: EX3-3803_Sep15 Page 20l 11
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FCC ID: ABLSMJ700T Report No: HCT-A-1603-F009-7

EX3DV4 - SN;3903

September 28, 2015

Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Calibrated: September 28, 2015

Calibrated for DASY/EASY Systems

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

EXIDV4- SN:3903 Saptember 28, 2015

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

Basic Calibration Parameters

Sensor X Sansor Y Wr z Une (k=2)
| Norm guw'&y@)’f 0.41 0.36 0.56 +101 %
| DCP (mV) | 103.7 108.6 | 994

Modulation Calibration Parameters

[Uin T Communication System Name A B r ‘ = - T g
Al a8 dBvuv | | 98 | my“_’_ﬂ._az,
L L. X | 00 0.0 1.0 000 | 1452 | 27% |
y | oo 0.0 1.0 1344 |
| 1z ] 0o 0.0 1.0 1436 | ]

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multipiied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

A The uncenainties of Norm X,Y.Z2 do not affect the E*.fieid uncentainty inskie TSL (see Pages S and 6)

" Numesical lneanzation parameter: uncertainty not required

' Uncertainty Is desarmined using the max. deviabon from inear response apphyng recanguiar daiduoon and is oxpressed fof e squive of the
flakd vaive

Contificate No: EX3-3903_Sep15 Page 4 of 11
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HCTCO,LLTD

EX30V4- SN 3903 Seplember 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unc

1(MHz)© | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Aipha® | (mm) (k=2)
835 a1.5 0.90 084 9.84 9.84 0.20 1.58 £120%
200 415 0.97 9.88 9.68 9.68 0.22 1.40 £12.0 %
1450 405 1.20 8.25 B.25 8.25 0.17 1.55 £12.0%
1750 401 137 B.29 829 | 829 0.37 0.80 +£12.0 %
1800 40.0 1.40 8.03 8.03 8.03 0.37 0.80 £120%
1850 40.0 1.40 7.84 7.84 7.84 033 0.88 $120%
2300 395 1.67 7.69 7.69 7.69 035 0.83 +12.0%
2450 38.2 1.80 7.35 7.36 7.35 042 | 080 +12.0 %
2600 39.0 1.96 7.09 7.09 7.09 0.26 | 113 +120%
5200 36.0 4.66 528 528 5.28 0.40 1.80 £13.1%
5300 359 4.76 5.08 5.08 5.08 0.40 1.80 +131%
5500 35.6 4.96 49 491 4.91 0.40 1,80 £13.1%
5800 358 5.07 470 4.70 4.70 0.45 1.80 $131%
5800 353 5.27 4,60 4.60 4.60 045 1.80 +131%

meyvu«ynmmmudt|00lenNyWhrDA8YN4mm(um2) mum-ﬂmzwm The
uncenainty is the RSS of the ConviF uncertainty #t calibration fre y and the y ot the y band. Frequency vallidity
Detow 300 MHz 15 + 10, 25 40, sommwuuw-umaum 64, 178, 'mmszmwm Above 5 GHz frequency
unmmmmmnww
' AL froquentses delow 3 Gz, the vaiidty of tissue parameturs (s and o) can be relaxed to © 10% I qud poraaton |
monsured SAR values. At frequencies above 1 GHz, (he valaty of 15508 paramotert (c and o) & restrcted 1o + 5% tmweunssu
mnCommey'nrummlmlmwm

are dotormined during calbration SFEAG wilrmants that ve remainiog deviation due 10 the boundary efinct afler COMpBNsaton &
sveayh lass han & 1% for frequencies below 3 GHZ and betow = 2% for frequancies betwesn 3-6 GHz at any dstance larger than hall the prode bp
damatar trom the boundary
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HCTCO,LLTD

EXI0DV4- SN:3903 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity [ | Depth” Unc
t{MHz)® | Permittivity” (sim)” ConvEX | ConvFY | ConvFZ | Aipha® | {mm) (k=2)
835 55.2 0.97 1005 | 1008 | 1005 | 023 | 120 | 2120%
1750 534 1.49 7.94 7.94 7.94 039 | 085 | £120%
1800 53.3 1.52 7.72 7.72 772 034 | 087 | £120%
2300 520 1.81 1.57 757 7.57 042 | 080 | $£120%
2450 52.7 1.95 7.38 7.38 7.38 031 | 085 | +120%
2600 525 2.18 7.22 7.22 7.22 022 | 0985 | £120%
5200 49.0 530 457 4.57 457 | 050 | 190 | £131%
5300 489 542 4.42 4.42 842 050 | 190 | £131%
5500 | 488 5.65 3.88 3.88 3.88 060 | 190 | £131%
5600 485 5.77 374 174 .74 060 | 190 | £131%
5800 482 8.00 4.05 405 4.05 060 | 190 | £131%

“meywymmwud:1mmumwmhmvvllwmoh(mm2).mlsxnmaoomxSomu Thw

in the RSS of the Comé uncartninty at Calibration frequency and the uncartaty for ihe ndicated frequency bant Fraguency vahidity
bolaw 300 MMz is £ 10, 25, 40, 50 and 70 MHz for ConvF asseswments at 30, 64, 128, 150 and 220 Mz respectively Above 5 GHz frequency
vafidity con be oxiendod to £ 110 Mz
'Amwmmaemmmdtmwmuwn)mhrmmxcwummmmm-wm
measured SAR vaiues Almmlﬁm.mvdunydnmoummumclmmuzsk The uncertainty is tha RSS of
he ComvF uncenainty for ndicated target isaue porametors
" Alpha!Deplh are Wt dunieg cal SPEAG that the remaning devwaton Gue 10 the daty affect aller P '
Mmmw%umm:cm.xm:nmmmuaizmmm@wmmmmnp
diameler from the bouncany
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FCC ID: ABLSMJ700T Report No: HCT-A-1603-F009-7

EXADVa- SN-3903

Frequency response [normalized

Certificate No: EX3-3003_5

opld

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

500 1000 1500 2000 2500 3000

f [MHz)
9 <>
M =

Uncortainty of Frequency Response of E-field: £ 6,3% (k=2)

Page 7 ol 11

F-TP22-03 (Rev.00)

166 /249

HCT CO., LTD



-~
‘—"C'- FCC ID: A3LSMJ700T Report No: HCT-A-1603-F009-7
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EX3DV4- SN 3903 Saptomber 28, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
?—JE— s . ::'§'¢: 29 (e 2 o e o
Rel [
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cerlificale No: EX3-3903_Sepi15 Page8 ¥ 11
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EXADV4-~ SN.3903 Seplember 284, 2015

Dynamic Range f(SARpead)

(TEM cell , fouu= 1900 MH2)

'
-
-
10 iR
.
’
% 10 ’
>
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w
l L
c
[+
7 o
g 10 ;
= .
L
.
.
.
»
.
10"~
10 10 10" 0 0 o
SAR [mW/icm3)
o o)
not compensated compensateo
1
> 0 e e I B b itnee —gig-—"
(=l
-
w
10 10 10 108 w0
SAR |[mW/em32
* | L
rot compeasated compensated

Uncertainty of Linsarity Assessment: £ 0.6% (k=2)
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EX30V4- SN-2903 Septomber 28, 2015

Conversion Factor Assessment

f= 835 MHz WGLS RS (H_convF) f = 1900 MMz, WGLS R22 (H_convF)

x . L - o ¢ " " » £ 2 = .
# vy et

L A L) L)
Feyu tenasee R Rt

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

.10 -08 08 04 -02 00 02 04 06 D8 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Centificate No- EX3-3903_Sep15 Page 10af 11

F-TP22-03 (Rev.00) 169 /249 HCT CO., LTD



-~
‘—"C'- FCC ID: A3LSMJ700T Report No: HCT-A-1603-F009-7

HCTCO,LTD

EX30VA4- SN:3603 September 26, 2015

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

Other Probe Parameters

[Sensor Arrangement ‘ Trangular
| Connector Angle (7). S i - 332
[ Mechanical Surface Detection Mode - . | enabled
[ Optical Surface Detection Mode S ~ disabied |
| Probe Ovarall Length S I 337mm |
Probe Body Diameter —————— 10 mm
[ TipLength == T amm
Tip Dmeter . 25mm |
Probe Tip to Sensor X Calibration Point Tmm |
[ Probe Tip to Sensor Y Calibraton Point I 1 mm
Probe Tip to Sensor Z Calibration Pomit 1mm
“Recommended Measurement Distance from Surface 1.4mm
Certilicale No: EX3-3803_Sep156 Page 110f 11
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HCTCO,LTD
Calibration Laboratory of S Schweizerischer Kalibrierdienst
Schmid & Partner C Service suisse d'étalonnage
Engineering AG g Servisio svizzero df taratura
Zeughaussirassa 43, 8004 Zurich, Switzeriand Swivs Calibration Service
Acaredand by the Swiss Accredtation Sarvice (SAS) Accreditation No.; SCS 0108

The Swiss Accreditation Service Is one of the signatories 10 the EA

This calitration cortificale documenty ihe traceastiity 10 rations standarts. which raalas the phy units of ()
The mensursments and the uncertantss with confidence probebdtty are given on the followng pages and e part of Ihe certificats.

AR calibrations huve been conducted in the closed lbomiony facity: envrooment lemperature (22 = 3)°C and hurmidity « T0%

Calibeation Equpmaont used (MATE critical for caltrason)

Primary Standords L4 Cal Dete (Cartiticate No | Schedulod Calitiration
Power mple E44168 GaL1293074 01-Apr-15 (No. 217-02128) Maw-18
Power senpor EA4 124 MY41498087 D1-Agr-15 (No. 21702128) Mae-16
348 A SN. S5064 () 01-Apr-15 {No. 217:02120) Ma-18
ot 20 o8 AN SN S5277 (A0x) O1-Apr-15 (No. 217.02132) Mar-18
30 8 Antorual SN 55129 (30b) 01-Apr-18 {No. 217-02133) Mar-16
o Probe ESIDV2 SN 3013 0-Doc-14 (Mo, ES3.3013_Deci4) Dee-15
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Calibration Laboratory of PSS Schweizatischer Katlbriardionst

Schmid & Partner =7 g Service sulsse d'éialonnage
Engineering AG g Servisio svizzero dl taratura

Zeughausstrasse £3, 8004 Zurich, Switzeriand <,‘m\ Swiss Caliration Service

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

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

Multitateral Agreemont for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,2 sensitivity in free spaca

ConvF sensitivity in TSL / NORMx.y,z

pce dode point

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

ABCD modulation dependent linearization parameters

Polarization @ Wp rotation around probe axis

Polarization 8 5 rotation around an axis that i in the plane normal 1o probe axis (at measurement center),

L&, § =0 s normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

c) IEC 62206-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

Mothods Applied and Interpretation of Parameters:
NORMx.y,z Assessed for E-field polartzation 8 = 0 (f < 800 MHz In TEM-cell, > 1800 MHz: R22 waveguide).
NORMx,y,z are only intermediate values, i.e., the uncerainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below CanvF).

o NORM(f)x,y.z = NORMx.y.2 * frequency_response (see Fraquency Response Chart). This linearzation is
implementad in DASY4 software versions later than 4.2, The uncenainty of the frequency response is included
in the stated uncertainty of ConvF

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

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

o Axy2 Bryz Cxyz Dxyz VRxy.z A B, C, D are numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR i the maximum calibration range expressed in RMS voltage across tha diode.

* ConvF and Boundary Effect Parameters: Assessed In flat phantom using E-field (or Temperature Transfer
Standard for 1 < 800 MH2) and Inside waveguide using analytical field distributions based on power
measuremants 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 paramelers are
used in DASY4 software to improve probe accuracy close o the boundary. The sensitivity in TSL cormesponds
10 NORMx,y.z * ConvF whereby the uncertainty coresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz

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

o Sensor Offset The sensor offset corresponds to the ofiset of virlual measurement centar from the probe tip
{on probe axis). No tolerance roquired

* Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

EX30V4- SN.TITO

Septermber 1, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (WVi(Vim))" 047 0.51 043 101 %
DCP (mV)" 99.0 105.3 93 8
Modulation Calibration Parameters
uio C ication System Name A B c D VR Unc"
N . g8 | dBypv | | 4B | mv | (k=2) |
¢ oW X | 00 00 | 10 | 000 | 1623 | +33% |
) Y 0.0 0.0 1.0 164 9 ===
z 0.0 0.0 10 1677

probability of approximately 95%.

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

* The uncestantes of Nom XY 2 ¢ not sflect the £°-fnld uncertainty inside TSL (see Pages 5 and 6)

* Mumeccal linesrization parametar. uncedtanty not ragquied

¥ Unceetainty & detormined uming the max. deviation from Inear cespanse apphying rectangutar dstribution and & expressad far e square of he

falo valon
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EX30V4- SN.Y370 Seplamber 1, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity Depth® | Une

_T(MHz)® | Pormittivity" {Sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 435 0.87 1067 | 1087 | 1067 | 018 | 170 | +133%
750 41.9 0.89 9.81 9.81 9.81 026 | 124 | $120%
835 415 0.90 9.57 057 9.57 027 1.17 +120%
200 415 0.97 920 929 8.29 028 1.12 +120%
1450 405 1.20 8.0B 8.08 8.08 0.26 1.08 £12.0%
1750 401 1.37 8.05 8.05 8.05 0.34 0.80 £120%
1900 40.0 1.40 7.80 7.80 7.80 0.34 0.80 £120%
1950 40.0 1.40 7.57 7.5 7.57 040 | 080 | £120%
2300 395 167 743 7.43 743 | 033 | 083 | £120%
2450 39.2 1.80 6.94 6.94 894 | 032 | 092 | +120%
2600 30.0 1.96 6,81 6,81 6.81 043 | 080 | +120%
3500 are 2.9 6.82 .82 6.92 0.29 1.39 +131%
5200 36.0 488 513 513 513 | 035 | 180 | £131%
5300 359 476 495 4095 4.95 0.35 1.80 +131%
5500 356 496 453 453 453 | 040 | 180 | =131%
5600 365 5.07 4.35 435 435 | 040 | 180 | s131%
5800 353 527 453 453 453 | 040 | 180 | s131%

“vawmmm:n1oommmmmsvu4wm(umm eio 1t 5 resincted 1o £ 50 Mz The
unoenuinty 1s the RSS of the ConvF uncertanty st calibration Yo, y aoxd the un y for the freguency band. Frequency vsdaly

below 300 Mz s 4 10, 25 20, somlowurc:nw_-uanu 128, 150“220%%1 Above 5 GHZ hequency
Mymumwmznomiz

" Al Troquencies below 3 GHz, the validity of tssue paramaters (¢ and a) can de relaxed to = 10% i kgud formae & (5]
measwed SAR values. Al freguencies above 3 GHz, the valdity of tissas parameters (= and o} W resincted 1o * 5% ‘lhm-wmd
nWmmyb-mmumm

“ Npha/Oepth a0 dstermingd dunng cadbeaticn, SPEAG warrsnts that tha remaining deviation due to the boundary effect afler Compeansation =
whwitys Jess than = 9% for eguencies below 3 GHz and below £ 2% for frequencies between 34 GHr ot any dmtance Seger than nall Ihe probe tp
diametor hom the boundary

Cantdicate No, EX3-7370_Sep15 Page 5of 11
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EX30V4- SN:7370 Seplembac 1, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth © Unc

{(MHz)© | Permittivity” |  (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 557 094 11.08 11.08 11.08 0.11 160 | 2133%
750 555 0.96 982 9.62 9.82 0.24 127 | £120%
835 §5.2 097 9.66 9.66 9.66 0.29 126 | +120%
1750 534 140 | 778 776 | 778 047 | 081 | £120%
1900 53.3 1.52 7.49 7.49 7.49 0.41 080 | £120%
2450 52.7 1.85 7.18 7.16 7.16 0.35 080 | £120%
2600 525 216 7.07 7.07 7.07 0.28 080 | £120%
5200 49.0 5.30 4.84 4.64 4.64 0.45 190 | £131%
5300 489 5.42 4.48 4.46 446 0.45 190 | +£131%
5500 486 5.65 4.03 4,03 4.03 0.50 190 | £131%
5600 485 577 3.85 3.85 385 0.50 1.90 +13.1%
5800 48.2 500 4,03 4.03 403 0.50 190 | =2131%

* Frequency volidity nbove 300 Mz of + 100 M2 only apgéies for TASY w4 and higher (soe Page 2). ¢!sa I s resiriclad 1o = 50 MHz Tha
uncartanty is e RSS of the ConvF uncenainty at caltason frequency and the uncertainty for the indicated frequency banc. Froguency volidity
besiow 300 MHZ is = 10, 25, 40, 50 and 70 MHz for ComvF saseasments ot 30. 54, 126. 150 and 220 Mz respectivaly. Above § Gz frequency
Mwumw:uo%

" Al troquencies telow 3 GHz, the validty of issue parameters (¢ and o) can be retaced 10 1 10% If hguo P ion formuta =
mepsiured SAR valoos, At frequences above J GHz. the validity of 19500 parometers (s and a) i restricled o = 5%. mmymmﬂSSd
the Convf™ uncertainty for indicated target s paramaters

S AphaDegth are detenined dunng calibration. SPEAG watrangs that the remaining deviation Gus (0 e boundary effect after

ohways less than & mtmfmmuoemac»«zwm»ummmmaam«ummwmmwmmm
chameter froem (e boundary.
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EXADV4- SN.T3T0 Septomber 1, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
e L K ’ L] .
g
-é- Le -2 . PPN o emd t-3 P < &
l
Rot [1]
= = — ey
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificato No; EX3-7370_Sep1s Page 8 of 119
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EX30Va-SN:7370

Seplember 1, 2015

Dynamic Range f(SAR}caq)

(TEM cell , fovu= 1900 MH2Z)

.
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN7370 September 1, 2015
Conversion Factor Assessment
= B35 MHz WGLS RS (H_conF) = 1800 MHz WGLS R22 (H_convF)
- S E =
£ . §
i 5
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
.10 -08 06 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Report No: HCT-A-1603-F009-7

EXJOV4~ SNT370

Septomber 1, 2015

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

Other Probe Parameters

| Sersor Arrangoment Triangular |

[ Connsctor Angle (°) | 49‘47]‘

[ Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled

| Probe Overall Length 337 mm
Probe Body Diameter 10 mm

| fip-Long-i_ﬁ 9 mm

| Tip Diameter = o 2.5mm

[Prabe Tip 1o Sensor X Calibrabion Point Tmm

\'mlo@er\sm Y Calibration Point 1 mm
Probe Tip 1o Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface — Amm |

14 mm |

Contificate No: EX3-7370_Sep15 Page 11 of 11
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Report No: HCT-A-1603-F009-7

HCTCO,LTD
Calibration Laboratory of §  Schwsizerischar Kalibriecdisnst
Schmid & Partner C Service suisse d'étalonnage
Engineering AG s Servizio svizzero ¢ taratuea
Zoughausstrasse 43, 8004 Zurich, Switzerfand Swiss Calibeation Service
Accracited by the Swiss Accreditation Senvice (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral Agresment for the recagnition of calibration certificates
cient  HCT (Dymstec) Cortificate No: EX3-3968_Jun15
CALIBRATION CERTIFICATE |
Otject EX3DV4 - SN:3968
Cantrabion procedure(s) QA CAL-01.v9, QA CAL-12.v9, QA CAL-14.v4, QA CAL-23.v5;
Caldwation date: June 18,2815
This cait cedtificate & ks the y to | standords, which realize the physical units of 1 ents (SI),
The nts @ the ur with confi Dabiity are given on thie followeng pages and e part of the cerificate.
AR catibeations have been conductod o the ciomed lab y focslity. e 1ar x0 (22 1 3)'C and humadly « 70%.
Calbration Equpment used (MATE concal for cotbration)
{
Prmary Standards 18] Ca! Dot (Cavtificate No } Schaduled Calbration
Power meter £44198 GBA1203874 01.Age- 16 (No. 217-02126) Mar-18
Power sensor E44124 MY4 1485087 01-Agx-35 (No. 21742128) Mar 16
Red 3 4B Attervustor SN S5054 (3¢) 01-Apt-15{No_ 217-02129) Mar 18
Reference 20 dB Attenuator SN §5217 (20%) 01-Ape-15 (No. 217-02132) Mar.18
Reference 30 d8 Atenuater SN: 35129 {30b) 01-Apt-15 (No. 217-02133) Mar 16
Refeconce Probe ES3DV2 SN: 5043 30-Dec-14 (No. ES3-3013_Dag14) Dec-15
DAE4 SN 560 18-Jan-15 {No. DAEA-660 Jan18) Jan- 16
Secondary Standands D Check Date (n house) Scheduled Check
RF generaloe HP 88480 US35420U01700 4-Aug-99 (in nouss check Apr-13) In house check. Ap-16
Network Anadyzer HP 87536 | US37390585 18-0ct-01 fin houss chack Oct-14) in house check: Oct-15
e R L - Signatur
Coterted oy oo K G iy ] A
| >
Issuad June 18, 2015
This calibestion cartificate shall not ba reproducesd sxcapt in ful withowt weton approvel of the labcoratory.
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Calibration Laboratory of S Schweizerischer Kaiibrierdionst

Schmid & Partner C  Sevice suisse d'étalonnage
Engineering AG g Servizio svizzero di tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Servico

Accreditod by thit Swiss Accraritaton Service (SAS) Accroditation No.: SCS 0108

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

Multilateral Agreamant for the racognition of calibration cectificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP diode compression point

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

ABCD modulation dependent linearization paramelers

Polarization ¢ ¢ rotation around probe axis

Polarization 8§ 3 rotation acound an axis that is in the plane normal to probe axis (at measurement center),

L., § = 0 is nomal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

s NORMx.y.z: Assessed for E-field polarization 8 = D (f < 900 MHZ in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y,z are only intermediate values, i ., the uncertainties of NORMx,v,z does not affect the E*-fiaid
unceriainty insiie TSL {see below ConvF),

= NORM(Nx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This ineacization is
implemented in DASY4 software versions iater than 4.2. The uncertainty of the fraquency response i included
in the stated uncertainty of CanvF.

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

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

o Axyz Bryz Cxyz Dryz VReyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signat. The parameters do not depend ‘on frequency nor
media, VR is the maximum cafibration range expressed in RMS voltage across the diode,

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { <800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same satups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 10 improve probe accuracy Close to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convi~ whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
ConvE is used in DASY version 4.4 and higher whick allows extending the validity from £ 50 MHz 1o £ 100
MHz,

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

« Sensor Offsel: The sensor offset corrasponds to the offset of virtual measurement center from the probe tip
{on probe axis). No lolerance required.

« Connegtor Angle: Tha angle is-assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4- SN:3968 June 18, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (p\VOVIm) )" 0.38 0.35 0.42 +10.1%
DCP (mV)" 103.1 102.8 96.8 i
Modulation Calibration Parameters
[UiD Communication System Name | ‘ A 8 c | b VR Unc®
| de | dBvpv 48 mv (k=2)
0 cw x| 00 0.0 10 | 000 | 1303 | #30% |
{ | Y| 00 00 10| 1208
| ‘ Z| 0o 00 | 10 | 1423

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 comresponds 1o a coverage
probability of approximately 95%.

A Tria wncertalalios of NormX,Y,Z do not affect the E7-Nietd uncertainty inside TSL {see Pages 5§ and 6.
" Numecical Snearzation pecameler: uncenainty not recuired

" Uncertainty is determined using tha max. deviation from Inesr respanse applying rectanguiar sistrib and i5 expe d for the square of the
fetd value.
Centificate No: EX3-3968_Jun1S Pagedof 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Head Tissue Simulating Media

7 (MHz) © mm' Z“&;‘”-'“’ ConvEX | ConvFY | ConvFZ | Alpha® m" :’u';)t
150 523 0.76 13.08 13.09 13.09 0.00 100 | =133%
300 453 087 12.28 12,28 1228 | 0.10 120 | £133%
450 435 0.87 10.61 10.61 10.61 0.18 120 | +133%
750 419 0.89 992 992 9.92 0.18 157 | #120%
835 a41.5 0,90 9.60 9.60 9.60 0.21 164 | £120%
900 415 0.97 9.45 8.45 .45 0.22 125 | £120%
1450 405 1.20 828 8.28 828 0.26 1.02 | £120%
1750 40.1 1.37 8.23 B.23 8.23 0.31 080 | $120%
1800 40.0 140 785 7.95 7.95 0.30 0.80 | £120%
1950 40.0 1.40 7.66 7.66 7.66 0.38 080 | £120%
2300 39.5 1.67 7.51 7.51 7.51 0.37 080 | +120%

2450 392 1.80 7.21 7.21 7.21 0.36 080 | +120%
2600 39.0 1.96 7.06 7.06 7.06 0.39 089 | £120%
3500 37.9 281 6.82 6.82 6.82 0.29 133 | 2131%
5200 36.0 4.66 5.26 5.26 5.26 0.30 180 | 2131%
5300 359 4.78 5.09 5.09 5.09 0.35 1.80 | $13.1%
5500 356 4.98 4.86 4,86 4.88 0.40 180 | +13.1%
5600 355 5.07 459 459 4.59 0.40 180 | +13.1%
5800 35.3 527 468 468 4.68 0:40 180 | *131%

 Fraquency wu-a-:ymsoomwa1wmwwufwmsvuawmm'mvmz) lhnnlsrmtd.dto‘somm
MsuﬂssdwComFum cafibratico freq and the y for the and. Fraquency vasdty
below 300 MHZ 8 = 10, 25, 40, mwmums«mnmaw 64,928, 150“&0%%7 Atove 5 GHz frequency
vakdny can be extended to £ 110 MMz
* Al requencias below 3 GHz, the validity of Sssue parametess (= A o) can ba refgued fo ¢ 10% & hiquid scompensalion foamula ts appied 0
meosured SAR values. Al froquancies abava 3 GHz, the validty of Ussue paramecens (v and o) s restrictid lo £ 8%, The uncectanty @ the RSS of
mwmmmummm

that e ing deviaton due to the dary effoct after

mmm £ ssmﬁwwsmmm:&wmmmMcmmwuammmwwmep
damnetar from the boundary.
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EX3DV4- SN:3868 June 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz) © p."n%mr cmw ConvF X | ConvFY | ConvFZ YAl;gn_.“ m)u m
150 61.9 0.80 12,40 12.40 1240 | 000 1.00 | #133%
300 58.2 0.92 11.34 11.34 11.34 0.05 110 | +133%
450 56.7 0.94 10.86 10.86 1086 | 012 120 | +133%
750 55.8 0.96 9,49 8.49 9.49 0.34 103 | +120%
8386 55.2 0.97 9.55 9.55 9.55 0.50 080 | £120%
900 550 1.05 9:34 9.34 9.34 042 093 | £120%
1750 534 1.49 7.87 7.87 7.87 0.42 0.80 | £120%
1900 533 1.52 7.60 7.60 7.60 0.33 085 | £120%
2450 52.7 1.95 7.25 7.25 7.25 0.36 080 | +120%
2600 52.5 2,16 7.10 7.10 7.10 0.24 080 | £120%
5200 49.0 5.30 4.7 471 471 040 190 | £131%
5300 489 542 4.44 4.44 4.44 0.40 1.90 | £131%
5500 486 565 4.14 4.14 414 0.45 190 | £131%
5600 485 577 3.93 3.93 3.93 0.45 190 | 2131%
5800 482 6.00 4,27 427 4.27 0.45 190 | 2131 %

© Frequency valday above 300 MHz of 2 100 MHz only sppies for DASY w4 and higher (soe Page 2), she 33 restricted fo 1 50 MHz. The
unceriainty is the RSS of the Coenvi® uncenanty st Cokaration frequency and the uncertainty for the indicaied fraquency band. Fraguancy validity
belaw 3060 MiHz s + 10, 25, 40, S0 and 70 MHz for Comf assessments at 30, 64, 128, 150 ond 220 MHz respecively. Above 5 GHz frequency
valicity can be extended 10 £ 110 MRz
" At fraquencies belaw 3 GHz, the valdity of lissue parameters (c-and o) can be relaxed 1o = 1% i iquid on formulo is
measured SAR vales, At fraquencies above 3. GH. the visidity of fissue parameters (c 8nd o) 15 restricied (o & 5%. Tn-moonanybnuRSSd
mwmmmmwdwmm

are determined during calivration. SPEAG warmants 1hat ihe remaining deviabon due 1o the boundary effect sfter b
om«mmm:mvammamwm:mmﬁwmMmuwmmuummmw
diameter from the boundary
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EX3DV4- SN:3g68

Frequency response (normalized)

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

June 18, 2015

403 1000 - 1500 2000 | 2’550
= w

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4-- SN g6 June 18, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
{ - 0 w 8 3 - .
. — B [} ° (] .
Tot b Y - | Yol X Y z

a
“;‘ B S T 4 LI o TP - _-t_; tgrastPgilreiogug 2 ST b o S S SR
u:) :r - -
254
I‘A ' i - FU—— e
50 10 ) ) D 10 L
Rok [
-'1?'.1,1]-« {:.;T!?J:; »’u":‘-‘ _*-;f'.gﬂr;
Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
Caxtificate No: EX3-3968_Jun1s Page 8 of 11
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EX3DV4- SN:3968
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Certificato No: EX3-3868_Jun1S

June 18, 2015

Dynamic Range f(SARheaq)
(TEM cell | foo= 1900 MHZ)
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Uncertainty of Linearity Assessment:  0.6% (k=2)
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EX3DV4- SN3ISES
Conversion Factor Assessment
{ = 835 MMz, WGLS RS (H_convfF) { = 1900 MHz WGLS R22 (H_comf)

o0
!

903 c x R . 'D— L3 :(il i‘ "0 1 ;) v.\o”n“*n”.z‘. a“
3 jmm] ijom
i = X s
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

02 04 08B 08 10

-08 05 -04 02 00
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)

10
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EX3DV4- 5N 3968 June 18, 2015

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

Other Probe Parameters
Sensor Arrangement Triangular
‘Connector Angle (7) S e EERGER
Mechanical Surface Detection Mode enabled
Oplicai Surface Detection Mode T disabled
| Probe Overall Length 337 mm
Probe Body Diameter = 10 mm |
Tip Length - - 3 mm |
Tip Diameter . 2,5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1mm |
Probe Tip to Sensor Z Calioration Point == ‘ 1 mm
| Recommended Measurement Distance from Surface ' T4mm |
Certificate No; EX3-3068_Jun15 Page 11.of 11
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Attachment 4. — Dipole Calibration Data
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Calibration Laboratory of & s, S Schweizerischer Kalibrierdienst

Schmid & Partner % c Service sulsse d'dtalonnage
Engineering AG i Seevizio svizzeco di taratura

Zeughausstrasse 43, 8004 Zurich, Switzariand Y '-7’._‘\\\»\“‘? S Swiss Calibration Service

Accradied by the Swiss Accredantion Sernvice (SAS) Accreditation No,: SCS 0108

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

Muitilateral Agr t for the gnition of calibration certiticates

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

[CALIBRATION CERTIFICATE
|
| Object D750V3 - SN: 1014

Calbration procedurals) QA CAL-05.v9
Calibraticn procedure for dipole validation kits above 700 MHz

Calibration date: July 23, 2015

This calibeation cemticate documents ihe raceability to national stardueds, which resiza he physical unis ol measarements (SI).
Tha measumments and the uncarainties with contidence probabiity are given on 1ha following pages and ate part of the cartificate

Al calibeations have Deen conducted in the closed laboratory faciity: srviranment temperate (22 + 3)°C and humidity « 70%.

Calvraton Equipment used (MSTE antical for calibration)

Primary Standards |ID# Cal Dato (Cortiticate No.) Sehedued Calbaton
| Power meder EPM-4424 | GBI74BOTO4 07-Oct-14 (No. 217-02020) Oct-15
| Power sensor HP 8481A | US37292783 07-Oct-14 (No. 217-02020) Oot18
Power sansue HP BL81A MY41062317 07-0ct-14 (No. 217-02021) oa-18
Reterence 20 36 Anenualot | SNI 5058 (20K) 01-Apr-15 (No. 21702131 Mar-16
Type-N mismatch combination SN 547 2/ Dea2? 01-Apr-15 (No. 217-02134) Mar16
Refarance Proba ESIOV3 SN:-3205 A0-Dec-14 (No. ESH-3206_Dec1d) Dac-15
DAE4 SN 501 18-Aug-14 (No. DAEA-E0T_Aug14) Aug-15
| Secondary Standards Lo Chosk Date {in houss) Saheduled Check
AF generator AES SMT-08 | 100005 D4-Atig-99 (i husse chick Oct-13) In bouse check: Oct-16
Network Anatyzer HP 8753E | US37300588 54206 38-Oct-01 (in house chack Oct-14) In house chack: Cct15
Name Function S &
Calibeasod by Michas! Websr Laboratory Tachnickan
Approved by: Katja Pakowic Tochnicai Manager . C' 4{—’{_’,
s o

Issaed: Juy 23, 2015

This calibration cedtiticale shall not be réproduced axcept in ull without writter appcoval of the laboratory

Centdicate No: D750V3-1014_Jul15 Page 10i8
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Calibration Laboratory of

r G Sehweizerischer Kafibrierdienst

Schmid & Partner Service suisse ¢ éalonnage
Engineering AG C  orvisio avizzero di taveturs

Zeughsusstrasse 43, B0D4 Zurich, Switzertand S Swiss Calibration Service

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

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

Multilateral Ag for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.2

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cerificate No: D750V3-1014_Jui15 Page 2ot 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapofation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Frequency 750 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 419 0.89 mho/m
Measured Head TSL parameters (220£02)°C 42528% 0.90 mhoim =6 %
Head TSL temperature change during test <05'C — =2
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2,05 Wikg
SAR for nominal Head TSL parameters normalized to 1TW B.15 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.34 Wikg
SAH for nominal Head TSL parameters nofmalized to 1W 5.33 Wikg = 16,5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 555 0.986 mha/m
Measured Body TSL parameters (22.0+0.2}°C 551 6% 098 mhoim 6%
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW Input power 2168 Wikg
SAR tor nominal Body TSL parameters notmalized to 1W 8.49 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAH measured 250 mW Input power 142 Whkg
SAR lor nominal Body TSL parameters normalized to 1W 5.60 Wikg = 16.5 % (k=2)
Centificate No, D750V3-1014_Jul1s Page 3ofd
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 53904170
Returm Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to leed point 48.102-1.3Q
Return Loss «36.0d8

General Antenna Parameters and Design

l Etactrical Delay (one diraction) [ 1.036 ns ]

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

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

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on March 22, 2010
Certficate No: D750Vv3-1014_Juhis Page 401 8
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DASYS5 Validation Report for Head TSL
Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN: 1014
Communicanion System: UID 0 - CW; Frequency: 750 MHz
Medium parametess used: £=750 MHz; o =0.9 S/m & =425 p = 1000 kg/m'

Phantom section: Flat Section
Mecasurement Standard: DASYS (IEEE/EC/ANS] C63.19-2011)

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

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

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

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

Peak SAR (extrapolated) = 3.05 Wikg

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

Maximum value of SAR (measured) = 2.40 Wikg

diB
0

-2.00
-4.00
-6.00

-10.00

0 dB = 2,40 Wkg = 3.80 dBW/kg

Cenificate No: D750V3-1014_Jul15 Page 5015
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

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

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205: ConvF(6.21, 6,21, 6.2]1); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAEA Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

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

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

Reference Value = 52 42 V/m;, Power Drift = 0.01 dB

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

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

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

dB
0

-2.00
-4.00
“6.00
-8.00

-10.00

0dB =251 W/kg =4.00 dBW/kg

Cortficute No: D750V3-1014_Jul1s Page 7 of 8
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Impedance Measurement Plot for Body TSL

EHI st
.
< 53
Dw
Frv
16
Hid

Certiicate No: D750V3

1014

23 Jul 204F 11154147

25,0 125390 LRS24 pF 150000 000 MMz
L ¢
) 4
» - -
4
y
aB/ REF g8 1:1-39.992 9% 750,808 998 N4z
e | SRR
S —
-
- -
-t
\ l‘
154
Vl
ky
\ ) e STOF A%5B.208 000 MMz
Julis PageBol 8

F-TP22-03 (Rev.00)

201 /249

HCT CO., LTD



IaCT

HCTCO,LLTD

FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, D004 Zurich, Switzerland

g,
NS

N

K

(0

> F3

N
AT

/,

Accredded by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Ags for the gnition of calibration certificates

ctier  HCT (Dymstec)

@, PR

s Kalibed

G Service suisse d étalonnage
Servizio svizzero di taraturs

S Swiss Calibration Service

Accreditation No.: SCS 0108

Cartificato No: DB35V2-4d165_Nov15

[CALIBRAT!ON CERTIFICATE

{ object
Caltiration procedure(s) QA CAL-05.v8
Cafitarstion clate:

This calibetion cortificate docurmernts the i o

DB35V2 - SN: 4d165

Calibration procedure for dipole validation kits above 700 MHz

November 24, 2015

Catbration Eguipmant used (MATE critical for calbraton)

The messuraments and the uncedaintes with conlidence probability are given on the following pages and are pant of the cenificate

At calibrations have been conductod In the closed lsboratory facity; environmaent tempecature (22 « 3)°C and humidity < 70%.

dardy, which realize the phyuical unha of messurements (S1),

Primary Standards D # Cal Date (Certificale No | Scheduled Calbration

Powar motor EPM-442A GB374807De 070ct-15 (No. 217-02227) Ocr 16

Power sensor HP 8481A USH7292783 07-0c-15 (No. 217-02222) Oct-16

Power sansor HP 8481A mYargeesEty 07-Dct-15 (No. 217-02223) Oct16

Reterence 20 9B Atteruator SN 5058 (20x) O1-Apr-15 (No. 217-02131) Mar-18

Type-N mismatch combination BN 50472/ 06327 01-Ape-15 (No. 217-02134) Mar-16

Reterance Probe EX30VE SN T340 30-Dec-14 (No. EX3-7349_Dectd) Dec-15

DAE4 SN: 601 17-ALg-15 (No. DAES-601_Aug15) Aug16

Secondary Stangards Dn Check Dute (in houss) Scnedusea Chack

AF ganemior HAS SMT-06 100072 15-Jun-15 (1 houss check Jun-15) n house check: Jur-18

Network Anatyser HP 8753E US37200505 S4206 180001 (In house check Oct15) I house check: Oct-16
Nasna Function Signature

Cafwated by Michasl Wabar Laboratory Technician I Khr

Approved by. Kasia Pokavic Technical Manager

This calration certificate shall not be reprodiacsd sxcept in full without writhen appeoval of the labaratory.

e =

sued November 24, 2015

Certificata No: Da35V2-4d165_Novis

Page 1of8
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughsussirasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accradiution Servce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agr 1 for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Cenificats No: D835V2-4d165_Novis Page 2018
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapoiation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, 0z = 5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0,90 mho/m
Measured Hoad TSL parameters (220202)°C 426=6% 0.92 mho/m « 6 %
Head TSL temperature change during test <05"C — e
SAR result with Head TSL
SAR averaged over 1 em?’ (1 g) of Head TSL Condition
SAR measured 250 mW input powar 229 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 9,06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 145 Wikg
SAR tor nominal Head TSL parameters normalized to 1W 5.90 Wikg = 16,5 % (k=2)
Body TSL parameters
The following parameters and caloulations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20"C 552 0.97 mha/m
Measured Body TSL parameters (220202} °C 556=6% 0.99 mho/m =6 %
Body TSL temperature change during test <05°C —_ —_
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.40 Wikg
SAR for nominal Body TSL parametars nommalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW nput power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg = 18.5 % (k=2)
Ceruficate No: DB35V2-4d185_Nov1s Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point S21Q-47Q
Return Loss -260dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780 -88j0Q
Return Loss -227d8B

General Antenna Parameters and Design

l Elactrical Delay {ane direction) ] 1440 ns J

After long term use with 100W radiated power, only a stight warming of the dipole naar the feadpoint can be measured

The dipole is made of standard samingid coaxsal cable, The center conductor of the leeding line is directly connected 10 the
second am of the dipole, The antenna is therefore short-circuitad for DC-signals. On some of the dipoies, small end caps
are added to the dipole arms in order 1o improve malching when loaded according to the pasition as éxplainad in the
"Measurament Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

No excessive lorce must be appled 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on Decamber 28, 2012
Ceriificate No: D835V2-4d165_Nov15 Pagadol 8
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DASYS Validation Report for Head TSL

Date: 24.11.2015

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

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

Medium parameters used: =835 MHz: 0= 0.92 S/m; & = 42.6; p = 1000 kg/in’
Phantom section: Flat Section

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

DASYS2 Configuration
« Probe: EX3DV4 - SN7349; ConvF(9.77, 9.77. 9.77); Calibruted: 30.12.2014;
¢ Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 17.08.2015
«  Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASY52 52.8.8(1222); SEMCAD X 14.6,10¢(7331)

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

Reference Value = 60.39 Vim: Power Drift = 0.02 dB

Peak SAR (extrapolated) = 3.40 W/kg

SAR(1 g) = 2,29 W/kg: SAR(10 g) = 1.49 W/kg

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

0 dB = 3.03 W/kg =4.81 dBW/kg

Cenificate No: DB3SV2-4d165_Nov15 Page50f8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d 165

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

Medium parameters used: =835 MHz; o = 0.99 S/m; & = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASY S (IEEE/IEC/ANST C63.19-2011)

DASYS2 Configuration:

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

Sensor-Surface: | 4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 17,08.2015
Phantom: Flat Phantom 4.901; Type: QDOOOP49AA; Serial: 1001

DASYS52 52.8.8(1222), SEMCAD X 14.6,10(7331)

Date: 24.11.2015

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

SAR(] g) = 2.4 W/kg; SAR(10 g) = L.58 W/kg
Maximum value of SAR (measured) = 3,17 Wikg

288

wmn

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

Certilicate No: DE35V2-40165_Nov15 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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FCC ID: ABLSMJ700T

Report No: HCT-A-1603-F009-7

Calibration Laboratory of

Schmid & Partner AN
Engineering AG S =
Zeughausstrasse 43, 8008 Zurich, Switzariand TN

Accrediad by the Swiss Actreditation Sarvice (SAS)
The Swiss Accreditation Service ks one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

cient  HCT (Dymstec)

Schwelmerischer Kalibrierdienst
Service sulsse d étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

wow

Accreditation No: SCS 0108

Certificats No: D1800V2-2d006_Jan16

|CALIBHATION CERTIFICATE
Otject D1800V2 - SN: 2d006
Calibeation procedurais) QA CAL-05:v9
Calibration procedure for dipole validation kits above 700 MHz
Calibrabion date January 22, 2016

This calibeation certificate docurnants the lraceability to naticnal standards, which malize the physical units of measwements (S1)

The measuremenis and Mo ur

with confidence pr

Calibeation Equipment used (MATE critical lor calibeation)

ity are givan on the following pages and are pan of the cedificate.

All calibrations have bean conducted in the closed labomiory facility: sovircnment tempenature (22 = 31°C and humidity < 70%

Primary Standards 08 Cal Date (Cemdcate No. | Schuduled Casbration
Power meter EFM-442A GB37480704 0706115 (No. 21702222) Oct-18
Powsr sensor HP B4BTA uUS37202783 07-Dct-15 {No. 247-02222) Oct-16
Power sansor HP 8481A MYar1062317 07-0ct-15 (No. 217-02223) Oct-16
Fafarance 20 dE Aftanuator SN: 5058 {20x) 01-Apr15 (No. 217-02131) Mar-16
Type-N mismatch combination SN 5087 2/ 08327 01-Apr-15 (No. 217-02134) Mar16
Aedorance Probe EX30V4 SN: 7346 31-D9c-15 (No, EX3-7340_Decis) Dec-16
DAE4 SN: 601 30-Dac-15 (No. DAE4-801_Dects) Dac-16
Secondary Standards 0w Chack Date (in houss) Scheduled Check
HF generator RAS SMT-06 100672 15Jun15 (in houna chock Jun-15) In house cheok: Jun- 18
Network Anadyzar HP 8753 USS7390585 S4206  18-Dct-01 (In house chock Oct-15) In hausa check: Oot-16
Name Function
Caiibrated by Michast Waber Laboratory Techaician 2;; “é !
.
Approved by. Kagja Pokovic Technical Manager

This cabiralion cenilicat shal not DO reproduced axcept in ful without weitten appraval of the labocatory

B

Isoued. January 25, 2010

Cenificate No: D1800V2-24006_Jan18
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HCT CO,LTD
Calibration Laboratory of S, S Schweizerischer Kalitrierdienst
Schmid & Partner S Service sulsse d'étalonnage
Engineering AG % C  Servisio svizzero & taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland % ‘ﬁ‘\\\\? S  Swiss Colibration Service
Accredited by the Swiss Accredtation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62209-2, *Procedure 1o 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 GH2"

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 cedificate 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.

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

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

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

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

Ceorfticate No: D1800V2-2d006_Janié Page2o0l8
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Measurement Conditions
DASY system configuration. as lar as not given on page 1.
DASY Version DASYS v52.88
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
The following paramaters and caloulations wers applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220:02)°C 401+6% 1.39 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 Caondition
SAR measured 250 mW input power 957 Wiy
SAR for nominal Head TSL parameters normalized to 1W 38.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 250 mW input power 5.03 Wikg
SAA for nominal Head TSL paramaters normalized to TW 20.2 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 537286% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 89.57 Wikg
SAR for nominal Body TSL parametars normalized to 1TW 383 Wikg = 17,0 % (k=2)
SAR avaraged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 505 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 20.2 Wikg = 16.5 % (k=2)
Centificate No: D1800V2-20006_Jan16 Page 3ol B
F-TP22-03 (Rev.00) 212 /249 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedancea, transformed to feed paint 46850-68 2
Aeturn Loss -22.14d8
Antenna Parameters with Body TSL
Impedance, transformed to leed point “u7Q-62iQ
Aeturn Loss -21.3d8
General Antenna Parameters and Design
I Electrical Delay (one direction) ] 1.208 ns

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

The dipole is made of standard semirgid coaxial cable. The center conductor of the feeding line is directly connected to the
second armm of the dipole. The antanna is thersfore short-circuited for DC-signala. On some of the dipoles, small end caps
ure added 1o 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 overall dipole length |s stitl

according to the Standard,

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

leadpoint may be damaged

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

July 23, 2001

Cartificate No: D1800V2-2d006 _Jan16
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DASYS Validation Report for Head TSL

Date: 22,01.2016
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS00OV2 - SN: 2d006

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

Medium parameters used: = 1800 MHz; 6 = 1,39 S/m; & =40.1; p = 1000 kg/m’®
Phantom section: Flat Section

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

DASYS2 Configuration
o Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31.12.2015;
« Sensor-Surface; | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
¢  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senial: 1001

o DASYS52528.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 106.1 V/m; Power Drift = 0.04 (B

Peak SAR (extrapolated) = 17.5 W/ikg

SAR(I g) =9.57 W/kg: SAR(10 g) = 503 W/kg

Maximum value of SAR (measured) = 14.5 W/ikg

-3.60
-1.20
-10.80

-14.40

0dB =145 W/kg = 11.61 dBW/kg

Cartificate No: D1800V2-2d4006_Jan18 Page 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.01,2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISO0V2 - SN: 2d006

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

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

Measurement Standard: DASYS (IEEE/TEC/ANSI €63.19-2011)

DASYS52 Configuration
« Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 31.12.2015;
o Sensor-Surface: | 4mm (Mechanical Surface Detection)
o Electranics: DAE4 Sn601; Calibrated: 30,12.2015
o Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

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

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

Reference Value = 102.4 Vim; Power Dnft = -0.01 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.05 Wikg

Maximum value of SAR (measured) = 14.4 Wikg

-3.60
-1.20
-10.80

-14.40

-18.00

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

Contificate No: D1800V2-20006_Jan16 Page 7ot 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of A, Schweizerischer Kalibrierdienst
Schmid & Partner % ¢ Servico sulsse d'étalonnage
Engineering AG Ty C pervinto sikiero i terstins
Zeughausstrasse 43, 8004 Zurich, Switzorand N S Swiss Catibration Service

Aocredited by the Swiss Accreditation Secvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agr t for the gnition of calibration cortificates

HCT (Dymstec)
|CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Cliont Certificate No: D1900V2-5d032_ May15

‘ Objoct D1900V2 - SN: 5d032.

Cailyation procedure(s)

QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Galibration date: May 20, 2015

This calibeabion certificata documants the tracaabiilty 1o réticnal standards, which realize the physical units of measurements {S1)
Tha measuremonts and the uncedalntias with confidence probability are given on the fodowing pages and are pant of the certificate,

A ealiteations have been canducted In the closed labortary facity: emdrcomant tempasture (22:= 31'Cand humidity < 70%.
Calloration Equipment used (M&TE crtical for caiibestion)

[ 10

Primary Standards Cail Date (Gertiticale 86.) Scheduied Calibration

Powar meter EPM-4424 | GBa7aE0TO4 07-01-14 (Na. 217-02020) Oct-15

Paower sersor HP 84814 | US37292783 07-Oct-14 (No, 217.02020) Oct-15

Power sansor HP B4B1A | MY2 1082217 O7-Oct-14 (No. 217-02021) Oct-15

Aeterance 20 di Atlenuator SN: 5058 (20k) 01-Apr5 (No, 217-02131) Mas-16

Type-N mismalch combination SN S0472/ 06327 O1-Apr-35 (No. 217-02134) Mar-16

fefacence Probe ES3OV3 | sN: 3208 30-Dec-14 (No, ES3-4206_Dec14) Dec-15

DAE4 | sn: 01 1B-Aug-14 (No. DAES-E01_Augt4) Aug-15

Secondary Stendargs liow Check Date {in house) Schoduled Check

RF generator R&S SMT-06 | 100008 04-Atg-98 (i house check Oct-13) I houss check; Oct-16

Network Analyzoc HP 8753E | U837980595 54208 18-05t-01 (in house chack Oct-14) 1 howse check: Oct-15
Name Function Signature

Calibrated by: Let Klysnor Labaratory Technicial W ¢

Approved by Katja Poxovic Technical Maniagor

Issued: May 20, 2015

This calibeation certificate shall not be reprocuced axcegt in full without written approval of the |laboratony

Centificate No: D1900V2-56032_May15 Page 10/8
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Calibration Laboratory of

G Schweizerischer Kalibrierdienst
Schmid & Partner ¢ Servicesusse d'étalonnage
Engineering AG Servizio svizero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland S  swiss Calibration Service
Accrediied by the Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liguid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/s5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

o 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 o calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as nol given on page 1.
DASY Version DASYsS V528.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, d2 =5mm
Frequency 1800 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220202)°C 38928% 1,37 mho/m £ 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL - Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Head TSL parameters normadized ta 1W 41.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL corxdition
SARA measured 250 mW input powes 5.33 Wikg
SAR for nominal Head TSL paramalers nommalized 10 1W 21.4 Wikg + 16.5 % (k=2)
Body TSL parameters
The following paramaeters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters {220+02)*C 52726% 1.51 mho/m £ 6 %
Body TSL temperature change during test <05°C —- -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.9 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 541 Wha
SAR for nominal Body TSL parameters normalized o 1W 21.7 Wikg £ 16.5 % (k=2)

Certificate No: D1900V2-5d032_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transiomed to feed point 5130+521Q
Return Loss -255dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point A7444+551Q
Retumn Loss -242d8

General Antenna Parameters and Design

[ Eloctrical Delay (one direction) | 1.195 ns |

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

The dipote is made of standard semirigid coaxial cabie, The center conductor of the feeding line is directly connected to the
second arm of the dipole, The antenna is therefore shont-circuitad for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o Imprave matching when lcaded according to the position as explained in the
"Measurement Conditions™ pasagraph. The SAR data are not affected by this change, The overall dipole length is still
according to the Standard,

No excassive force must be appiied to the dipole arms, because thay méight bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufaciured by SPEAG
Manufactured on March 17, 2003
Cortificate No: D1900V2-54032_May15 Page 4 of 8
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DASYS Validation Report for Head TSL

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

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

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

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(3, 5, 5); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Snol1; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Senal: 1001

« DASY3252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 99.00 V/im; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 18.6 Wikg

SAR(1 g) = 10.2 W/kg: SAR(10 g) = 5.33 W/kg

Maximum value of SAR (measured) = 12.7 W/ikg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =127 W/kg = 11.04 dBW/kg

Certificate No; D1900V2-6d032_May15 Paga 50l 8
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impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parameters used: f = 1900 MHz: 6 = | 51 S/m; e, =352.7; p= 1000 kghn"
Phantom section: Flat Scetion

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

DASYS52 Configuration;
« Probe: ES3IDV3 - SN3205: ConvF(4.65, 4.65, 4.65); Calibrated; 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 3.0 (back); Type: QDOUOPS0AA; Serial: 1002

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

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

Reference Value = 96.54 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolaied) = 17.3 W/kg

SAR(I g) = 10,2 W/kg; SAR(10 g) = 5.41 W/kg

Maximum value of SAR (measured) = 12,8 Wikg

-11.40

-15.20

-13.00

0dB =12.8 W/kg=11.07 dBW/kg
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Impedance Measurement Plot for Body TSL
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Cahbfation Laboratory of ‘,\\‘“'L/\\_');”y.}' S Schweizerischer Kalibrierdienst
Schmid & Partner M c Service suisse d'étalonnage
Engineering AG g Seryizio svizzero di taratura
Zeughausstrasse 33, 8004 Zurich, Switzerland 7o S swiss Calibration Service

Accradited by the Swiss Accreditation Sarvice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Chent

il

Cortificate No: D2450V2-743_May15

Accreditation No.: SCS 0108

CALIBRATION CERTIFICATE

Object

Calibrstion procedures)

Calration date:

D2450V2 - SN: 743

QA CAL-05.v9

May 19, 2015

Caliteation Equipmant used (MATE vrilical far calibration)

tion procedure for dipole validation kits above 700 MHz

Thia caibration cartificate documaeits tha traceatility 10 national standards, which reakza the physical units of measuremants (ST
The measuremeants and 1ha uncerainiies with considence peobabiity ace given on the foflowing pages and are part of the cerificate.

Al calibrations have been conducied in the ckasod laboralory fadiity; eavironment fempariture {22 = 3)"C and humidity < 70%.,

This calibeaticn canticate shall not be reprocucad axcept In Ul without writlesn Sp

il of the

Primary Standarcs LD # Cal Data (Certiicate No.) Scheduled Catbration

Power meter EPM-442A | GB37480704 07-Oct-14 (No. 247-02020) Oct-15

Power sansor HP 84812 USa7202783 07-Oct-14 (No. 217-02020) Oct-16

Power sensor HP BA81A MY41092317 07-Oct-14 (No. 237-02021) 015

Reference 20 4B Atlenissior SN: 5056 (20K) 01-Apr-16 (N, 217-02131) Mar-16

Typa-N mismalch combination SN 50472/ 05327  O1-Ap-15 (No. 217-02134) Mar-16

Reforence Probe ES30V3 SN: 3205 30-Dec-14 {No. ES3-3205 Dectd) Dec-15

DAE4 SN: 601 18-Aug-14 {No. DAES-E01_Aug14) ALg-15

Secondary Standards 10 # (Check Dato (in house) Scheduled Check

AF generator R&S SMT-06 100005 02-Aug-22 (in houss check Oct-13) In house check: Oct-18

Natweek Analyzee HP B753E US3TIeNEs8s 54206 18-0ct-01 (in house chack Oot-14) In house check: Oct-15
Name Function ¥

Calitrated by: Michae Waber  Laboraiory Tochnician 7 %_

£ ’

Issued: May 20, 2015
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Calibration Laboratory of S,
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Schmid & Partner T (S: Secvice suisse d'élalonnage
Engineering AG g Servizio svizzero di taralura
Zeughsusstrasse &3, 8004 Zurich, Switzerland Y I,ﬁ\‘.\« S Swiss Calibration Service
Accredited by the Swiss Accreditation Senvics (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

probability of approximately 95%.
Certificate No: D2450V2-743_May15 Page 2 of &
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Measurement Conditions

DASY system configuration, 83 far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modutar 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 foliowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 382 1,80 mho/m
Measured Head TSL parameters {226=202)°C 3789+6% 1.84 mho/m £6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parameters normalized to 1W 53.4 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR maasured 250 mW input power 5.32 Wikg
SAR for nominal Head TSL perameters normalized to 1W 25.0 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 527 1,95 mho/m
Measured Body TSL parameters (220£02)°C 507 +6% 203 mho'm+6 %
Body TSL temperature change during test <05°C —— ——e
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW Input power 13.4 Wikg
SAH for nominal Body TSL parameters notmalized to 1W 52.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.20 Wikg
SAR for nominal Body TSL paramaters narmatized to 1W 24.4 Wikg 2 16.5 % (k=2)
Cortiticate No: D2450V2-742_May15 Page3of8
F-TP22-03 (Rev.00) 228 /249 HCT CO., LTD
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+44 12
Return Loss -246dB

Antenna Parameters with Body TSL

Impadance, translormed to feed point 5140+6.1jQ
Return Lass -2424d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) [ 1160 ns |

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

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

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

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 01, 2003
Certificate No: D2450V2-743_May15 Page 4 of 8
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DASYS5 Validation Report for Head TSL

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

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

Medium parameters used: f = 2450 MHz: o = |84 §/m; &= 37.9; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3203; ConvF(4.54, 4.54, 4.54); Calibrated: 30.12.2014;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

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

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (TxTx7)/Cube O:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 101.4 V/m; Power Drift =0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6,32 W/kg

Maximum value of SAR (measured) = 17.7 Wikg

dB

-4.80
-9.60
-14.40
-19.28
-24.00

0dB =177 W/kg = 12,48 dBW/kg

Certificate No: D2450V2-743_May1s Page Sof 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

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

Communication System: UID () - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz: 6 =2.03 S/m; & = 50.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(4.32, 4,32, 4,32); Calibrated: 30.12.2014;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back): Type: QDODOP30AA; Serial: 1002

« DASYS252.8.8(1222) SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrapolated) = 27.9 Wikg

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

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

dB

-4.80
-3.60
-14.40
-19.20
-24.00

0dB = 17.7 W/kg = 12.48 dBW/kg

Certificate No: D2450V2-743_May15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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Accreditation No.: SCS 0108

Multilateral Agr nt for the gnition of calibeation certificates
ciient  HCT (Dymstec) Cartificate No: DSGHzV2-1107 _Jan16
CALIBRATION CERTIFICATE
Otyect D5GHzV2 - SN: 1107
Castration procedure(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Caliteation date:

January 29, 2016

Caliteation Equipment used (MATE entical for calibration)

This caldration certificale documents the traceability 10 national standards, which realize he physical units of measurements (SI)
The measurements and the uncertanties with canlidence probability are given on tha fcilowing papes and are pan of the cenicate

A calibentions have bean conducted ¥ the closed laboratory tacility: envionment lemparaturn (22 + 3)°C and humidity < 70%.

_This cakbration cortificats shafl not be

Primary Standards e Cal Data (Certificats No. ) Scheduled Calibention

Power maoter EPM-442A GBI7480704 07-01-15 [No, 217-02222) Oct-18

Pawer sonsor HP 8481A US3z2a2783 07-0ct-15 (No. 217-02222) Oct-16

Power sensor HP BLB1A MY31002317 07-0c1-15 (No, 217-02223) Cct-18

Relerence 20 4B Attlenualo SN 5058 (20) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 50472 / 06327 D1-Apr-15 (No. 21702134) Mar- 16

Aateronce Probe EXI0VE BN 3504 51-Dec-15 (No. EX3-3503_Dec15) Dec-16

DAES SN. 601 30-Duc-15 (No. DAE4-601_Dec15) Dec-10

Secondary Standards 10 » Chock Date (in housa) Schaduled Check

AF genarator HAS SMT-06 100672 15-Jun-15 (in hause chock Jun-15) In house chack: Jun-18

Notwork Analyzer HP 8753& USS7390685 54208 18-0ct-01 (in house chack Oct-15) In house check: Oct-16
Namne Function Signaturs

Caliventod Ly, Michaal Wabee Labocatory Techincian yg ‘

Approved by: Katja Pokovic Technical Manager

SEC

issued: January 29, 2016

ad axcepl In Ul without wiitien approval of the laboratory

Cartficate No: DSGHzV2-1107_Jan18
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ax, dy =40mm, dz = 1.4 mm Graded Ratio = 1 4 {Z diraction)
5250 MHz = 1 MHz
Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz
Head TSL parameters at 5250 MHz
The follawing parameters and caiculations weeo apphed
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 359 471 mho/m
Measured Head TSL parameters (220+02)"C 352:26% 4.55 mho/m = 8 %
Head TSL temperature change during test <05'C eee e

SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.82 Wig

SAR for nominal Head TSL parameters

normalized 1o 1W

77.8 Wikg = 19,9 % (k=2)

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

SAR measured

100 mW input power

224 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.2 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220"C 55 5.07 mho/m
Measured Hoad TSL parameters (220+02)°C M7=28% 4.90 mho/m = 6 %
Head TSL temperature change during test <05"C — -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 810 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W BO.5 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAH measured 100 mW input power 2.33 Wikg
SAR for nominal Head TSL parameters normaiized 10 TW 23.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following pararmeters and caloulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mho/m
Measured Head TSL parameters (220£02)°C 345+6% 505 mho/m £ 6 %
Head TSL temperature change during test <05"C - -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW Input power T73Whkg

SAR for nominal Head TSL parametars

normalized to 1W

76.8 Wikg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 221 Wihkg
SAR for nominal Head TSL parameters normalized ta W 21.8 Wikg = 19,5 % (k=2)
Cortificate No: D5GHzV2-1107_Jan18 Page 4 of 13
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Body TSL parameters at 5250 MHz

The following parameters and calcutations were apphied.

Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parameters (220+202)C 470=6% 544 mho/m = 6 %
Body TSL temperature change during test <05"C — -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measursd 100 mW input power 746 Wikg
SAR for nominal Body TSL parameters normalized to 1W 74.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL candition
SAR measured 100 mW input power 211 Wikg
SAR for nominal Body TSL parameters normalized 1o TW 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 485 5.77 mho/m
Measured Body TSL parameters (220402} "C 464+6% 591 mho/m =8 %
Body TSL temperature change during test <05°C —-- -—
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 ¢m’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.95 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.9 Wkg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW inpent power 2,24 Wikg
SAR for nominal Body TSL parameters normatized to 1W 22.2 Wikg = 19.5 % (k=2)
Cartificate No: DSGHzV2-1107_Jan16 Page 50l 13
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.3 5.84 mho/m
Measured Body TSL parameters (220=02)"C 48.1:6% 6.12 mho/m ¢ 6 %
Body TSL temperature change during test <05'C -— —

SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measurad 100 mW input powar 7.55 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 749 Wkg = 19.9 % (k=2)
SAR averaged over 10 cm’® (10 g) of Body TSL condition
SAR measured 100 mW input power 212 Whg

SAR for nominal Body TSL paramoters

nommalized to 1W

21.0 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 5520-73jQ

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

Impedance, transformed 10 teed point 5590-02 12

Retum Loss -251d8
Antenna Parameters with Head TSL at 5750 MHz

Impedance, tfranstormed to feed point 5680+07Q

Retum Loss -23.8dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point BS5Q-73IN

Retum Loss -22.4 4B
Antenna Parameters with Body TSL at 5600 MHz

Impadance. transformed 1o feed polm 5530-38Q

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

Impedance, transformed to feed point 5520-440

Retumn Loss -238dB
General Antenna Parameters and Design

| Electrical Delay (ane direction) | 1.196ns

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

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

according 1o the Standard.

No excessive force must be applied 1o the dipole arms, bocausa they might bend or the soldered connections near the

feedpoint may be damaged
Additional EUT Data

Manusfactured by

SPEAG

Manufactured on

March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 28.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

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

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: {= 5250 MHz; o = 4.55 S/m; & = 35.2; p = 1000 kg/m' , Medium parameters
used: = 5600 MHz: 6 =4.9 S/m; & = 34.7; p = 1000 kg/m” , Medium parameters used: = 5750 MHz: o =
5.05 Sim; £ = 34.5; p = 1000 kg/m'

Phantom section: Flat Section

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

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(3.53, 5,53, 5.53); Calibrated: 31,12.2015, ConvF(4.99, 4.99.
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95); Calibrated: 31,12.2015:

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
* DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 72.04 V/m; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 28.7 W/kg

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

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

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

Peak SAR (extrapolated) = 31.8 W/kg

SAR(I g) = 8.1 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.4 Wikg

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

Reference Value = 69,35 V/m; Power Drift = 0,03 dB

Peak SAR (extrupolated) = 31.7 W/kg

SAR(1 g)=7.73 W/kg; SAR(10 g) = 2.21 W/kg

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

Date: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerlund

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

Communication System: UID 0 - CW: Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: { = 5250 MHz; o = 5.44 S/m; £ = 47; p = 1000 kg/m' , Medium parameters used: f
= 5600 MHz; o =591 S/m: & =46.4; p = 1000 kg/m" , Medium parameters used: f = 5750 MHz: o = 6,12
Sim; & = 46.1; p = 1000 kg/m’

Phantom section; Flat Section

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

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.83, 4.85, 4.85); Calibrated: 31,12.2015, ConvFt4.35, 4.35.
4.35): Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015;

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

o Electronics: DAE4 Sn601; Calibrated: 30.12.2015

= Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
* DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =3250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

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

Peak SAR (extrapolated) = 27.9 Wikg

SAR(1 g) = 7.46 W/kg; SAR(10 g) = 2.11 W/kg

Maximuam value of SAR (measured) = 17.0 Wikg

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

Refercnce Value = 67.15 V/m; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 32.5 W/kg

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

Mauximum value of SAR (measured) = 18.8 Wrkg

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

Reference Value = 64.88 V/m; Power Drift = 0,02 dB

Peak SAR (extrupolated) = 32.2 Wikg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.12 W/kg

Maximum value of SAR (measured) = 18.1 Wikg

Centificate No: DSGHzV2-1107_Jan16 Page 11 of 13
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Impedance Measurement Plot for Body TSL
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 2450-2700 5200 - 5 800
Tissue Type Head | Body | Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.4 0.9 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 | 47.2 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 0.2 0 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.2 0.1 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
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
247 /249 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.

Dielectric Parameters CW Validation Modulation Validation|

Probe

Calibration| Dipole Date

Measured Measured Probe Probe MOD. | Duty

e Permittivity Conductivity S"S™Y |l inearity Isotropy Type |Factor| PAR
4 1605 [ET3DV6|Head|750| 1014 | 2015.08.14 42.1 0.9 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 [EX3DV4|Body|750| 1014 | 2015.12.30 55.3 0.97 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6|Head|835| 4d165 | 2015.12.01 41.8 0.89 PASS | PASS | PASS [GMSK|PASS| N/A
4 1605 [ET3DV6|Head|835| 4d165 | 2015.12.01 41.8 0.89 PASS | PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4|Body [835| 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS [GMSK|PASS| N/A
5 3903 [EX3DV4|Body [835| 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 |Head|1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS [GMSK|PASS| N/A
4 1605 [ET3DV6 |Head |[1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
5 3903 [EX3DV4|Body [1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS [GMSK|PASS| N/A
5 3903 [EX3DV4|Body [1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 |Head [1900| 5d032 | 2015.06.04 40.1 1.39 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 |Head |[1900| 5d032 | 2015.06.04 40.1 1.39 PASS | PASS | PASS [GMSK|PASS| N/A
5 3903 [EX3DV4|Body [1900| 5d032 | 2015.10.08 52.4 1.51 PASS | PASS | PASS [GMSK|PASS| N/A
5 3903 [EX3DV4|Body [1900| 5d032 | 2015.10.08 52.4 1.51 PASS | PASS | PASS | N/A | N/A | N/A
5 3903 |EX3DV4|Head|2450| 743 2015.10.07 38.5 1.81 PASS | PASS | PASS [OFDM| N/A [PASS
12 7370 |[EX3DV4|Body [2450| 743 2015.09.15 53.6 1.93 PASS PASS | PASS |OFDM| N/A |PASS
9 3968 [EX3DV4|Head 5250 1107 2016.02.10 36.2 4.77 PASS PASS | PASS [OFDM| N/A |PASS
9 3968 [EX3DV4|Head 5750 1107 2016.02.10 35.1 5.18 PASS PASS | PASS [OFDM| N/A |PASS
12 7370 |[EX3DV4|Body [5250| 1107 2016.02.11 48.3 54 PASS PASS | PASS [OFDM| N/A |PASS
12 7370 |[EX3DV4|Body [5750| 1107 2016.02.11 48.1 5.99 PASS PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g
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SAR Dielectric Parameters CW Validation Modulation Validation
System Probe P'.'Obe.
Probe  Tyne Ca|F|’br_att|on Dipole | Date Measured Measured o ... —Probe =Probe MOD. Duty pap
No. on Permittivity Conductivity Y LinearityIsotropy Type Factor
12 | 7370 |EX3DV4| Body {5250 1107 |2016.02.11 48.3 54 PASS PASS | PASS |OFDM| N/A |PASS
12 7370 |EX3DV4 | Body [5750| 1107 |2016.02.11 48.1 5.99 PASS PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary — Extremity SAR Considerations
Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table above
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r04. SAR system were validated for modulated signals with a periodic duty cycle,

such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
DO01v01r04.
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