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Accradited by Ihe Swes Accreditaton Servics (SAS)
The Swiss Accreditation Sarvice is one of the signatories 1o the EA
Muttitateral Agreement for the recognition of calibration certificates

HCT (Dymstec) Cartificate No: EX3-3967 Dec16
|CAUBRATION CERTIFICATE (Replacement of No: EX3-3967_ Nov16

Accreditation No.: SCS 0108

Client

Object EX3DV4 - SN;:3967
Caltraton procedures) QA CAL-01.v8, QA CAL-12.v8, QA CAL-14,v4, QA CAL-23.v5,
QA CAL-25v6
Calibration pracedure for dosimetric E-field probes
Caitaration cate: December 14, 2016
This an cortificate tha y 10 nationat , which realze the ohysical units of measurements (S1)
The Wis and the uncer with cond Y a8 givan on the Iollowing pegas and are part of the cerfcale
Ml cality have bean cond 1 in the cosad lab y faciity. er parature (22 = 3)°C and humidity « 70%
Calivration Equipmant 1sad (MATE critical for calibration)
Primary Standards | ID | Cal Date {Certficate No ) Schedided Calbration
Powsar metar NRP | SN 10M776 | 08-Apr-18 (No. 217-02288X02289) Apr-17
Powar sansce NRP-Z31 | SN 106244 | 06-Apr-16 (No. 217-02286) Apt-17
_Powar sansoc NRP-Z91 SN 103245 | DE-Ape-16 (No. 247-02289) Apr1T
Retarwnce 20 0B Allenuator SN: 55277 (20%) 05-Apr-18 No. 247-02283) Apr-17
Reterence Probe ESIOV2 SN 3013 31-Dec-15 {No. E53-3013_Dects) Dec-16
DAE4 SN.£62 23-Dec-15 (No. DAE4-660_Dac15) Dec-16
Secondary Standarts 10 Check Date (0 house) Schaduing Check
Powsr meter E441868 SN GB41263874 06-Apr-16 (0 house chack Jun-16) In house check. Jun- 18
Power sensor E4412A SN: MY4 1498087 06-Apr-18 (I housa check Jun-16} In house check: Jun-18
Power sensor E44124 SN. 000110210 06-Ape-16 (1 housa check Jun-16) In house check: Jun-18
RF generator HP 88430 SN, US3642001700 D4-Aug 99 (0 housa chack Jun-16] In house chock: Jun-18
Network Analyzer HP 87653E | SN: US3T390635 18-0ct-01 (In housa check Oct-18) In house check: Ogt- 17
Name Function Signature.
Callbrated by: Jeton-Kastrut Labeentary Techriciun d o (z//r
, - \
Approved by Katja Pokouit Technica Manager ﬂ é; z
Issue0. Decernber 14, 2016
This catbration certficate shall not be reproduced except in full withaut written spproval of e labottary

Cedtilicate No: EX3-3967_Decté
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HCTCO,,LTD.
Calibration Laboratory of S, e .
% s Kalib
Schmid & Partner — X 2 Servics sulsse d'étalonnage
Engineering AG Bt Servizio svizzero di taratura
Zeughausstrasse 43, 8084 Zurich, Switzerland % 4/;\\ S Swiss Calibration Service
il
Acoredied by the Swiss Accredtation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Servica is one of the signatories to the EA
Multilateral Agroament for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.2 sensitivity in free space
ConvF sensitivity in TSL / NORMx,y,z
DceP diode comprassion point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent inearization parameters
Polarization ¢ @ rotation around probe axis
Polarization 8 # rotation around an axis that is in the plane normal to probe axis (at measurement center),
f.@., 8 =0 is normal to probe axis
Cannector Angle information used in DASY system to align probe sensor X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

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

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

c) |EC 62208-2, "Procedure to determine the Specific Absarption Rate (SAR) far wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)™. March 2010

d) KDB 2865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

o NORMz,y.z: Assessed for E-field polarization 8 = 0 (f < 800 MHz In TEM-call, f> 1800 MHz: R22 vravegundo)
NORMzx.y,z are only intermediate values, |.e., the uncertainties of NORMx,y,z doas not affect the E”-field
uncertainty inside TSL (see below ConvF).

«  NORM(Nx.y,z = NORMx.y,z * frequency _response (sea Frequancy Responsa Chart). This linearization s
implemented in DASY4 software verssons later than 4.2. The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

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

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

o Axy.z Bxy.z Cxyz Dxyz VRxyz A B, C, D are numerical nearization paramelers assessed based an
the data of power sweep for specific modutation signal. The parameters do not depend on frequency nor
media. VA is the maximum calibration range expressed in RMS voltage across the dicde,

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

»  Spherical isotropy (30 dewiation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch anlenna

»  Sonsor Offset The sensor offset corresponds to the offset of virtual measurement center from the probe fip
(on probe axis), No tolerance required

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

Certificate No: EX3-3967_Dec16 Page 2of 11
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FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

EX30V4- SN:3967

Dacember 14, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uMAVIm)*)" 0.53 0.40 0.47 +10.1 %
DCP (mV)® a9 3 291 100.0
Modulation Calibration Parameters
uip [~ Ication System Name A B [ D VR Unc”
d8 dBVuV dB8 mV (k=2)
9 cw X 0.0 0.0 1.0 000 | 1438 | +3.0%
) ¢ 00_ 0e R V437
Z| 00 0.0 1.0 | N

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

* Tha urcartartias of Norm X Y,Z do not affect the E'-Seld uncertainty inside TSL (see Pages 5 and 8).

* Numancal linearization parameter: uncertainty not required

! Uncertarty = determined uming the max. devastion from inasr response apphying réclangular datribution and s axpressad for the squara of the

field value

Centificate No: EX3-3967_Dec16
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HCTCO,,LTD.

EX30Vd4- SN:3067 Oecember 14, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relstive Conductivity Depth © Unc
1(MHR)© | Permittivity” s/m)© ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
150 52.3 0.76 12.93 12.93 12,93 0.00 1.00 £13.3%
300 453 0.87 12.08 12.08 12.06 0.10 1.20 £13.3%
450 435 0.87 11492 1 1112 11.12 0.15 1,20 £133%
750 419 ! 0.89 10.53 10.53 10.53 | 0.56 0.80 £12.0%
835 415 0.80 10.07 10.07 10,07 0.43 0.80 £120%
900 415 0487 9.94 994 9.94 0.50 0.81 +120%
1450 40.5 1.20 8.48 8.48 8.48 0.42 0.80 +120%
1750 40.1 1.37 844 8.44 8.44 0.31 0.80 £120%
1900 40.0 140 | 822 8.22 ! 8.22 0.37 0.80 +120%
2300 39.5 1.67 7.74 7.74 7.74 0.35 080 | £+120%
2450 39.2 1.80 7.48 7.48 7.48 0.34 085 | £120% |
2600 39.0 1.98 7.23 7.23 7.23 0.40 0.86 £120%
3500 37.9 2.91 7.41 7.41 741 | 048 0.85 £131%
5250 359 471 549 | 540 549 0.30 1.80 £13.1%
5600 35.5 5.07 478 4,78 4.78 0.40 1.80 £131%
5750 354 522 5.08 5.09 5.00 0.40 1.80 +131%

* Frequency validity above 300 MHz of = 100 MHz only 8pgées for TASY v4 4 and higher {see Page 2), eise i is restricted 1o = 50 MH2. The
urcartanty s the RSS of the CanyF uncetainty at caliiration fraquency and the uncertainty for the indicated frequency band. Fraquancy valkity
beiow 300 MHz is = 10, 25, 40, 50 and 70 MHz far Com# asasssmants at 30, 62, 128, 150 and 220 MHx respectively. Above 5 GHz frequency
validity con be axtended 10 £ 110 MHZ

' At frequencies below 3 Gz, the validiy of bssue parameters (e 3nd o) can bo relaxed to 4 10% # Sgud ioe) foemuis & applied to
massured SAR values. Al fraquonmes above 3 GHz, the vaidity of tssus paramelens (s 8nd o) I8 restncted 10 £ 5%, The uncertainty is the RSS of
the ComvF uncartanty for indicated target (issue parpmelers

O Aphaepth are determined during caiteation. SPEAG warmants (hat the remaining duviatian due to the doundary effect alter compensation i
abways Joss than £ 1% for frequancs befow 3 GHz and bolow = 2% for frequencies between 3-8 GHz st any distance karges than hall 1he probe 1)
dameter from tha bouncary

Cerfificale No: EX3-2967_Dec1d Page Sof 11
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HCTCO,LTD.

EXJ0Va- SN:3667 Decernbar 14, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Canductivity Depth * Unc
f(MHZ)® | Permittivity " {Sim)* ConvFX | ConvFY | ConvFZ |Alpha® | (mm) | (k=2)
150 61.9 0.80 12.24 12.24 12.24 0.00 1.00 | £133%
300 58.2 0.92 11,89 11,89 1188 | 005 115 | +133%
450 56.7 084 | 1182 11.82 11.82 0.08 115 | £133%
750 56.5 0.96 9.79 978 | 979 0.35 107 | +120%
835 56.2 0.87 962 9.62 9.62 0.35 088 | +120%
1750 53.4 1.49 8.12 8.19 8.19 0.43 080 | +120%
1900 533 1.52 7.87 7.87 7.87 0.42 080 | £120%
2300 52.9 1.81 7.68 7.68 7.68 0.48 080 | +120% |
2450 52.7 1.85 749 748 7.49 0.38 080 | +120%
2600 52.5 216 7.28 7.28 7.28 0.37 080 | +120%
3500 51.3 a3 6.82 6.82 6.82 0.53 079 | £131%
5250 489 5.36 47 4.71 471 ‘ 0.40 190 | +£131%
5600 485 577 4.00 4.00 4.00 0.50 190 | £131%
5750 483 5.94 4.24 424 4.24 0.50 180 | £131%

* Fraguency valkity above 300 MHz of = wOMH:on)ynp#msluUASlecandhmm(seePagel’l ehelummcmziomm
uncenainty is the RSS of the Corv uncertainty at calbration freq y and the L q y band. Frequency validity
below 300 Mz 15 ¢ 10, 25, 40, 50 and 70 MHz for ConviF assessments 8t 30, B4, 123, 'lsowmm-izmooclw Abtve 5 GHz fraguancy
vatlcity can be sxlendedc 1o = 110 MHz
" At frequencies below 3 GHz. the valdy of lissus parametes (c sad o) can be relaxed 10 = 0% if liquid compensation formula is sppied to
massurad SAR values. Al bequancies above 3 GHz, the valldity of issue parameters (¢ and a) in restricled to & 5% The uncenainty is the RSS of
tha CanvF uncestanty for ndicated target issue porameners
" AlphalDapth am during cal SPEAG that te remanng oevalion tus 1o he y effect attar pa
dwzpmmmu%fomoqummIowJGManom02*mwwmn36muummlmutmmmmw
diometer from the boundary,

Cenificate No. EX3-3967_Dec16 Page 6ol 11
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HCTCO., LTD.
EXIOV4- SN:3567 December 14, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6,3% (k=2)
Certificate No. EX5-3967 Dec16 Fage 7 of 11
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EX3DV4- SN:3967

Decaember 14, 2016

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

Certificate No: EX3-3567_Dect6 Faga Bof 11
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EX3DVA- SN:3067 December 14, 2016

Dynamic Range f(SAR}caq)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: EX3-3867_Decld Page Sof 11
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EX3DV4a- SN.3967 Decamber 14, 2016
Conversion Factor Assessment

=835 MHz, WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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Error (¢, 9), =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cenificate No: EX3-3967_Doc16
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ha- FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1
HCTCO, LTD.

EX3IDVA- SN:3967 Decamber 14, 2018

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

Other Probe Parameters

[ Sensor Arrangement Triangular
Connector Angle () 271
Mechanical Surface Detection Mode | " enabled

“Optical Susrface Detection Mode disabled |
‘Probe Overall Length == 337 mm
Probe Body Diameter . — 10mm |
Tip Length N [ T amm |
Tip Diameter 25mm

| Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibeation Point [ 1 mm
‘Probe Tip to Sensor Z Calibration Point I Tmm |

Recommended Measurement Distance fram Surface l 1.4 mm

Cerificate Na: EX3-J967 _Dec16 Page 110l 11
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hC'- FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

HCTCO,,LTD.
Calibration Laboratory of Sy, iR K
Schmid & Partner =2 (Y 3 servoa suies cvoage
Engineering AG £ g Serviio svizzero di tarstura
Zoughaussirasse 43, 8004 Zurich, Switzerland ‘54,@/\ NS/, Swiss Calibration Sarvice
Accrodifed by the Swiss Accreditabion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signataries to the EA
Muttilateral Agreemant for the recognition of callbration certificates

Calbranon date

This calibration cestifioate documants the traceabilly to naticnal standards, wivch realze the physical unds of maasuraments ($9),
The measurements and the uncertaintes with canfidencs probabiity sre gven on the foliowing pages and are part of the certificale.

AR calibrations have beon canducted in the closed labeentory faciity. anvironment tempanature (22 = 3)°C and humidity < 70%

Calibeation Equoment used (MATE critical for caliration)

Primary Standaros o Cal Date (Certificate No ) Scheduled Calibratian
Pawer metear NP SN 104778 06-Apr-18 (No. 217-02268/2289) Apr7

Pawer sansor NAP-291 SN 103244 06-Apr-18 (No_217-02285) Apr1?

Powsar sanscr NRP-291 SN 109245 DE-Apr-16 (No. 217-02289) Apr17

Redarance 20 08 Attenuator SN: SB277 (200) 05-Apr-16 (No. 217-02293) Apr-17

Reference Probe ES30VZ SN: 2013 31-Dec-15 {No. ES3-3013 Dec1s) Dec-18

DAES SN 660 23-Dec-15 (No, DAE4-560_Dects) Dec-18

Secondary Standands 10 Chieck Dats (in houss) Scheculed Check
Power meter 44108 SN GB45293874 08-Apr-16 {in howss check Jur- 18] in house chack: Jun-18
Power sensar EA4124 SN: MY41458087 08-Apr-18 [in howse check Jun-16) In house check: Jun-18
Power sensor Ed412A SN 000110210 06-Ape-16 (in bouss check Jun-16) In house check: Jur-18
RF g HP BE48C SN US3642001700 04-Aug-8 (irs house chack Jun-16) In house check: Jun-18
Network Analyzer HP 87536 | SN US37390888 18-0¢101 {in house check Oct-15) In house chack: Oct-16
Caibrated by,

Aparoved by:

Thes calibration cortrficate shall not be reproduced excepl in ful wihoot wrsten approval af the taborstory.

Cartificate No: ET3-1605_Jul16 Page 1of 11
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HCTCO,LTD.

Calibration Laboratory of S, Sch Kalibrierds

Schmid & Partner % g Service suisse d'étalonnuge
Engineering AG b8 g Servisiosvizzero dl taraturs

Zeughausstirasss 43, 8004 Zurich, Switzerand % /','T‘\:\‘\? Swiss Callbration Service

Azzredited by I8 Swiss Accroditation Service (SAS) Accreditation No.: SCS 0108

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

Multilateral Age for the recog of calibration cectificates

Glossary:

TSL tissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

A.B.C.D modulation dependent linearization parametors

Polarization i rotation around probe axis

Polanzation % 5 rotation around sn axis that is in the plane normal to probe axis (at measurement center),

Le., 8 = 0is normal o probe axis
Connector Angle Information used in DASY system o afign probe sensor X to the robol 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 62208-1, *Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 10 the ear (frequency range of 300 MHz o 3 GHz)", February 2005

¢) |EC 62208-2, “Procadure 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 Maasurement Requirements for 100 MHz to & GHzZ"

Methods Applied and Interpretation of Parameters:

«  NORMx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-ced; f > 1800 MHz: R22 waveguide).
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMXx,y,z does nat affect the E”-field
uncertainty inside TSL (see below ConvF).

«  NORM(Oxy.z = NORMxy.z * frequency_response [see Frequency Response Chart). This linearization is
implemantad 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 linearization parameters assessed based on the data of pawer sweep with CW
signal {no uncenainty required). DCP does not depend on frequency nor media

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

e Axy.z: Bry.z; Cxy.2; Dxy.z VRxy,z. A B, C, D are numerical inearization parameters assessed based on
the data of power sweep ot specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the dicde.

«  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distributions based on power
measurements for f > 800 MHz. The same setups are usad 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 1o improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
1o NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency depandant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to = 100
MHz.

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

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

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

Cartificate No: ET3-1605_Jul16 Page Zof 11
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Manufactured:  July 27, 2001
Calibrated: July 29, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCTCO,LTD.

ETIDVE-- SN:1605 July 26, 2016

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

Basic Calibration Parameters

| Sensor X Sansor Y Sensar Z Une (x=2)
Norm (uV/(Vim))" 146 1.83 1.55 +101 %
| DCP (mV)" 100.0 99.5 99.3

Modulation Calibration Parameters

uio Communication System Name A B c D VR Unc"

de dBvVuv dB8 mV (k=2)

0 cW X | 00 0.0 70 | 000 | 2182 | #88%
""" . EA Y 0.0 1.0 2325
Z 0.0 0.0 1.0 2107

The rerorted 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%.

A The uncartainties of Norm XY 2 da not affect the E7-fisle uncertainty inside TSL (ssa Pages § ams 6)
" Numenical ineanzation paramaeter: uncertainty not required

o Uncartainty is determined usng the max. deviabon from inear respanse applying réctangular distnbution and & axpressed for the square of the
fieid value
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ETIDVE- SN:160S July 28, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unc

f(MHZ) ¢ | Permittivity™ | (Sfm)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 41.9 0.89 6.96 5.96 6.96 0.32 2.81 +120%
835 415 0.90 6.60 6.60 660 | 035 2.80 £120%

800 41.5 0.97 B.50 6.50 6.50 0,31 2.84 £120% |

1450 40.5 1.20 5.64 5.64 564 0.48 260 | +120%
1750 40.1 1.37 537 | 537 5.37 0.72 2.15 +12.0 %
1900 40.0 1.40 5.18 5.18 5.18 0.80 2,08 £120%
| 1950 40.0 1.40 5.03 5.03 5.03 0.80 2.10 £12.0%
| 2300 39.5 1.67 470 4.79 4.78 0.80 205 | £120%

 Freguency validity abave 300 MHz of + 100 MHz only applies for DASY w4 4 and higher {see Page 2), cise it is restricted to £ 50 MHz. Tha
uncertainty is fhe RSS of e ConvF uncertainty st calbration frequency and the uncertainty for the indcated frequency band. Fréquency vascity
bedow 300 MHz in = 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHzx respecsyely. Above § GHZ lrequency
valulity can be extended to + 110 MHz.

' A froquencies befow 3 GHz. the validity of tissus paramelers (¢ 50d «) can ba retwed to + 10% # tquid compersaton formuls is appked to
massured SAR values. Al frequencies above 3 Gz, the validity of ssue paramaters ( 8nd o) i restricted 1o + 5% . The uncentainty is the RES of
tha CanvF uncertainty for indcated targst issue parsmelers

' Alpha/Depth are determined during calation, SPEAG warrants that the remaining doviation due to the boundary effect after compecsstion is
ahways less than £ 1% for frequencies balow 3 GHz and delow + 2% for frequencies between 1.4 GHz at any distance larger than haf the probe to
dhsmetar from the Boundary.
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ET3DVE~ SN 1605 July 29, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth” Unc |
f{MHz)® | Permittivity" (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
750 55.5 0.96 6,55 6.55 6.55 039 | 228 +12.0%
835 | 55.2 0.97 642 | 642 6.42 042 223 | £120%
1750 534 1.49 4,79 479 4.79 0.80 2.38 £120%
1900 53.3 1.52 4.55 455 455 0.80 246 | 2120%

* Freouency validity sbove 300 MHx of + 100 MHz anly applies far DASY w4 4 and higher (ses Pags 2), efse Il is restrictad (o + 50 MHZ. Tha
uncartanty &5 the RSS of the ConvF uncenanty ot caibrafion frequency and the uncenainty for the indcsted Fequency band. Froguency validity
below 300 MHz is = 10, 25, 20, 80 and 70 MHz for CanvF nsssssments at 30, 64, 128, 150 and 220 MHz respecsvely. Above 5 GHz freguency
validity can be extented to £ 110 Mz,

" A1 trequancias below 3 GHz, the validity of tssue parameters (c and o) can be retansd 10 & 10% # bgud compensation formula (5 appied 1o
meoasured SAR values. At frequancies above 3 GHz, ihe validity of tesue parametars (s and a} is resincted 1o + 5% Tha uncertainty is the RSS of
the Convf™ uncertainty for indcated target ssue parameders

' AlphaDapth sre dsterminad during n. SPEAG that the remaining deviatian due 1o the boundary eflect aftar compensation s
adways jees than = 1% for frequencies bolow 3 GHz and belaw £ 2% for frequences between 3-8 GHz al any dislance larger than halt the probe o
dametar from the boundary
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ET3DVG- SN:160S July 26, 2016
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ETIOVE- SN:1605

July 29, 2016

Receiving Pattern (¢), 9 = 0°
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Uncertainty of Axial Isotropy Assessment: 1 0.5% (k=2)
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FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

ET30VE- SN:1805

July 29, 2016

Dynamic Range f(SAR}caq)
(TEM cell , fova= 1900 MH2)
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ET3DVE~ SN160S July 29,2016
Conversion Factor Assessment
f= 835 MHz WGLS R8 (H_comf) { = 1800 MHz WGLS R22 (H_convF)
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Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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ETIDVG- SN:1605 July 20, 2016

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

Other Probe Parameters

Sensor Arrangement Triangulas
“Connector Angle (7). [ 5838 |
“Mechanical Surface Detection Mode enabled {
Optical Surface Detection Mode disabled I
‘Probe Overall Length l T 33Tmm |
Probe Body Diamster | 10mm |
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Poinl 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calibration Point ‘ 2.7 mm
Recommended Measurement Distance from Surface 4 mm
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HCTCO.,,LTD.

Calibration Laboratory of N, Sl Rl

Schmid & Partner AN (S: Sarvice sulise P ialoinegs
Engineering AG e Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland "34,‘4’/(?\“; S Swiss Calibrafion Service

ik e?

Accredied by the Swiss Accrediation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service (s one of thw signatories to the EA

Multilsteral Ag for the gnition of calibration certificates

Glossary:

TSL tisaue simulating kquid

NORMx.,y,z sensitivity in free space

ConvF sensitivity In TSL / NORMx,y,z

DCP diode compeession point

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

A B CD modulation dependent linearfzation parameters

Polarization ¢ i rotation around probe axis

Polarization § A rotation around an axis that is in the plane normal to probe axis (at measursment center),

i.e,, & = 0is normal to probe axis
Connactor Angle Information usad 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 Rats (SAR) in the Human Head from Wirelass Communications Devices: Measurement
Techniques”, June 2013

b) |EC 62208-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in clese
praximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

«  NORMx.y,z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguida).
NORMx.y,z ara only intermediate values, i.e,, the uncertainties of NORMx,y.z does not affect the E*-field
uncertainty inside TSL (see below Conv).

o NORM(f)x.y,z = NORMx,y.2 * froquency_response (see Frequency Respanse Chart). This imearization is
implemented in DASY4 software versions later than 4,2. The uncertainty of the frequency response is included
in the statad uncertainty of ConvF,

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

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

e« Axy.z Bry.z Cxy.z Dxyz VRx.y.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on fregquency nor
media. VR s the maximum calibration range expressed in RMS voitage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field dstributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parametars appbed for
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF Is used in DASY version 4.4 and highes which allows extending the validity from £ 50 MHz 1o + 100
MH2z.

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

« Sensor Offset. The sensor offset correspands o the offset of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

« Connoctor Angle. The angle is assessed using the information gained by determining the NORMx (no
uncertainty required)
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EX3DV4 - SN-3797 Novernber 25, 2016
Manufactured:  April 5, 2011
Calibrated: November 25, 2016
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCTCO,LTD.

EX3DV4- SN:3T97 November 25, 2016

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

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z | Unc (k=2)
| Norm | [y_\(/svrmf)‘ 060 0.56 | 0.55 | £101 %
DCP (mV) 97.0 97.7 97.2 |

Modulation Calibration Parameters

uiD Communication System Name A B8 c ) VR Unc~ |
dB dBvVuV ds8 mV (k=2)
0 cW X | 0o 0.0 10 | 000 | 1332 | +35% |
Yy | 00 00 1.0 | 1485
z| o0 00 | 10 [ 1469 ;

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

A Thve uncenakiies of Norm X.Y,Z do not affect the £ -fiaki uncertairty reide TSL (see Pages 5 and 8)
* Numencal lineanzation perameter: uncerainty not required

£ Uncertainty 5 deteeminad using the max. deviation from linese resporss spedying rectanguisr SsIroution and & mamessed for the sguare of the
feld vahio
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HCTCO,LTD.

EX30V4a- SN.37a7 Novemnbar 25, 2016

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth * Unc
f(MHz)© | Permittivity" (Stm)" ComvF X | ConvfY | ConveZ | Alpha® | {mm) (¥=2)
150 52.3 0.76 11.99 11.99 11.99 0.00 100 | £13.3%
300 453 0.87 11.04 11.04 11.04 0.10 125 | 2133%
450 435 0.87 10.36 10.36 10.36 015 125 | £133%
750 419 0.89 9,66 9.66 9.66 044 088 | +£120%
835 415 0.90 9.33 9.33 933 0.33 1.01 +120%
900 415 0.97 9.17 917 9.17 0.48 080 | +120%
1450 40.5 1.20 8.03 8.03 8.03 0.43 080 | +120%
1750 40.1 1.37 8.03 8.03 8.03 0.32 080 | £120%
1800 40.0 1.40 7.78 7.79 7.19 0.30 080 | £120%
2300 39.5 1.67 7.50 7.50 7.50 0.36 080 | £120%
2450 3.2 1.80 7.21 7.21 724 0.39 080 | +120%
2600 39.0 1.96 6.97 6.97 6.97 0.40 083 | +120%
5250 359 4T 5.06 5.06 5.06 0.35 180 | £131%
5600 355 5.07 462 462 4.62 0.40 180 | 2131%
5750 354 5.22 476 4.78 4.76 040 180 | +131%

£ Frequancy vaidity 3bove 300 MHz of + 100 MHz only apphies for DASY w4 and higher (see Page 2). else f is restricted 1o + 50 MHz The
unoaninty is the RSS of the ComF uncertainty &t caibeation equency and the uncertainty for the indicated Trequancy band. Frequancy validiy
badow 300 Mz = 4 10, 26 80, 50 and 70 MHz for ConyF assessments at 30, 64, 128, 150 and 220 MHz respectivaly. Above & GHz frequency
validity can be exsended to = 110 MHz,

' At frequancias balow 3 GHa. the validity of tisus pacameleds (¢ &0d o) can be miamed fo & 10% if liguid ¢ lion formuta & applied to
measured SAR values MnmmmmBGH&mvmdhmoummnum«lmmmw:5%.Theunczma‘nlyie|bRSSd
the Cornd uncertainty for indcated target issue parameters.

“ Apha/Depth are delerminad during calibraion. SPEAG warrants that !ho remaning deviaton cue to the boundery #ifect BRer compensation &5
ahweys less than + 1% for frequancies below 3 GHz and below + 2% for frequencies betweon 3.6 GHz st any distance larger than half tha probe tip
diamedar from the boundary
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HCTCO,LTD.

EX3DVA- SN:3797 November 25, 2016

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

Calibration Parameter Determined in Body Tissue Simulating Media

P Relative | Conductivity " . Depth® Unc
T (MHz Permittivity (Stm)" | ConvFX | ConvFY | ConvFZ | Alpha (mm) (k=2)
150 61.9 0.80 11.38 11.38 1138 | 000 1.00 | £133%
300 58.2 0.92 11.02 11.02 1102 | 005 .15 | 2133%
450 56.7 0.94 1070 | 10.70 10.70 | 008 145 | 2133 %
750 55.5 0.96 9.60 9.60 9.60 050 | 080 | £120%
B35 55.2 0.97 942 9.42 942 044 | 080 | +120% |
1750 534 140 | 778 7.75 7.75 034 | 093 | +£120%
1900 533 1.52 7.45 7.45 7.45 0.41 080 | 2120%
2450 52.7 1.85 7.19 7.18 719 042 | 080 | £120%
2600 52.5 2.16 .94 .94 6.94 0.32 080 | £120%
5250 489 536 4.43 443 4.43 0.45 190 | #131%
5500 48.5 577 393 383 3,93 0.50 190 | s+131% |
s7s0 | 483 504 | 419 419 4.19 0.50 190 | £131%

® Frequancy vadidity abova 300 MHz of 2 100 MHx onfy applies for DASY vd 4 and higher (see Page 2). alse # Is restricted to & SOMHe The
uncertainty is the RES of the ConvF uncentanty at calibrtion frequency and the uncaranty for the indicated frequancy band. Freguancy validity
baiaw 300 Midz = + 10, 25. 40, 50 8nd 70 MHz for CanvF assaasmects at 30, 64, 128, 150 and 220 MHz respectivaly. Above 5 GHz frequency
valldity can be extended (0 £ 110 MHz.

" At frauancies below 3 Giez, the yalitlity of Tiesoa parametans (c and o) can be rared 10 + 10% If igue compansation formule s applisd to
messured SAR values. Al frequancies abave 3 GHz, fhe validity of tissue paramedars {r and o) 8 resticied 10 = 5%, The uncertainty is the RSS of
the Cornd uncenainty for indicaded target bssue parameters

“ Alpha'Depth are determingd dufing calibiatian. SPEAG warmrants that the remaining 0svaton due i the boundary sffect after compansation &
Always less than £ 1% for Fequencies balow 3 GHz and below + 2% fot fequencies betweon 348 GMz at any distance kargar than half the pecbe tip
diameler from the boundary.
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Uncertainty of Frequency Response of E-field: £6.3% (k=2)
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HCTCO.,,LTD.

EX30V4a- SN:3707 November 25, 2016

Receiving Pattern (¢), 3 =0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX30V4- SN:AT707 Novamber 25, 2016

Dynamic Range f(SARcaq4)
(TEM cell , feva= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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Conversion Factor Assessment

f =835 MHz WGLS R9 (H_comvf) f= 1900 MMz WGLS R22 (H_comvF)

«w

BaR WA/
AN (G

Deviation from Isotropy in Liquid
Error (¢, 8), T = 900 MHz
1.0
0.8
08
% D4
3 0.0
04
08
08
-10
0

10 08 <06 04 02 00 02 04 08 08 10
Uncertainty of Spherlcal Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

["Sensor Arrangement Triangular

| Connector Angle {7} B39
Mechanical Surface Detection Mode ~enabled
“Optical Surface Detection Moda ‘ disabled
Probe Overall Length | 337 mm |
Probe Body Diameter 1 T 10 mm
Tip Length 9 mm

[ Tip Diameter 2.5 mm
Probe Tip to Sensor X Galibration Point Tmm
Probe Tip to Sensor Y Calibration Paint T 1mm |

“Probe Tip to Sensor Z Calibration Point . 1 mm

" Recommended Measurament Distance from Surface 14mm

Cartificale No: EX3-3797_Nov16 Page 11 of 11
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Calibration Laboratory of S Schweizerischer Kallbrierdienst
Schmid & Partner = Service sulsse détalonnsge

Engineering AG 2 3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzertand 5@* Swiss Calibeation Service

Wil

Acoredited by the Swiss Accreditahon Servce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one af the signatories 1o the EA
Multilateral Ag for the recognition of calibration certificates

Caltratian date:

This calibration cerificate documents the raceabiity (o nabonal standands, which reakze the phy unies of (5%
The messursments and (he canantias with conficence probabitty are given on the fallowing pages and are part of Ihe cedificats.

AR catibrations have been conducied in the closed laboratory faciity: anvironment temperature {22 = 3)"0 und humidity < 70%.

Cafbeation Equpment used (MATE cribical lor calibraton)

Primary Stangands. D Cal Date {Cendicate No ) Scheduled Calbation
Power mgtar E44108 GB&Y28IB74 01-Ape-15 (No. 217-02128) Mar-18
Power sonsor E44124 MY41408087 {1-Apr-15 (No. 21702128} Mur-16
3dB A SN: S5054 (3¢) 01-Ape-15 (No. 217-02126) Mar-18
Red 20 o SN: S5277 (200) 04-Apr-15 (No. 217.02022) Mar-16
30 dB A SN: 5120 (308) 01-Apr-15 (No, 217.02133) Ma-18
__;M_iﬂm Probe ESIONV2 SN: 3013 30-Doc- 14 (No. ES3.2013_Dectd) Dac-15
DAES SN: 650 T4-Jan-15 (No DAE4-8680_J=n15) Jan-16
Standards D Check Date {in house) Schoduded Chack
RF g HP B648C US3542001700 4-Aug-99 (in houss check Apr-13) In housa check: Apr-16
Network Analyzar HE 8753E US37380585 18-0c2-D1 (in house chack Oc1-14) In housa check: Oct-16
Calibrated ty:
Approwed by

This calioratan ceclificate shal not be reproduced except n full withoul waitien approvid of the laboratory.
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HCTCO,LTD.

Calibration Laboratory of A, o b it

Schmid & Partner s% g Sarvice suisse Tdalonnage
Engineering AG 7 Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,{'\O S S Swiss Calibration Service

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

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

Muttilateral Agreemont far the recognition of calibration certificates

Glossary:

TSL tssue simulating liquid

NORMx.y,2 sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pce diode compression point

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

AB.CD modulation dependent lingarization parameters

Polarization ¢ @ rotation around probe axis

Polarization 5 3 rotation around an axis that is in the plane normal to probe axis (at measurement canter),

ie.. % =0is normal to probs
Connector Angle information used in DASY system to alan probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

c) |EC 62208-2, *Procedure 1o determine the Specific Absorption Rate (SAR) for wireless commumication devices
used In close proximity 1o the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:
NORMzx,y.z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-call; I > 1800 MHz: R22 wavegulde)
NORMYx,y,z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E field
unceriainty inside TSL (see below ConvF).

o  NORM(f)x,y.z = NORMx.y.z * frequency_response (see Frequency Response Chant). This lineanzation Is
implemented in DASY4 software versions fater than 4.2, The uncertainty of the frequency response is includad
in the stated uncedainty of ConvF,

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

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

o Axyz Bryz Cxy.2 Dxy2 VRxyz A B, C, D are numerical linearization paramaters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibeation range expressed in RMS voltsge across the diode.

o ConvF and Boundary Effoct Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for | < 800 MHz) and Inside wavegulde using analytical feld distnbutions based on power
measurements for > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical unceriginty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensilivity In TSL corresponds
10 NORMzx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConyF 5 used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHZ

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

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

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

Certificate No: EX3-7370_Sep15 Page 2of 11
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Probe EX3DV4

SN:7370

Manufactured: March 17, 2015
Calibrated: September 1, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX30V4- SN:7370 September 1. 2015

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

Basic Calibration Parameters

SensorX ~ Sensor Y SensorZ Unc (k=2}
Noem (uVi(V/im)*y" 0.47 0.51 0.43 | £10.1%
DCP (mV)" 99,0 105.3 99.8

Modulation Calibration Parameters

uio Communication System Name A B8 c D VR Unc"
a8 | dBVyv d8 | mv | (k=2)
0 CW x| 00 | 0o 10 | 000 | 1623 | #33%
Y | 00 00 10 648
z 1 o0 0.0 10 | 1677

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

* The uncertsrites of Noem X.Y,Z do not affect the E*-fiald uncansrtty mside TSL (sa4 Pages 5 and §)

* Numenca lineanzation paramater uncemanty not requined

¥ Unceetainty & dotermined using the max. daviation from linoar response applying rectangular distribution and & axpressed for the square of tho
fislo vadun

Certificate No: EX3-7370_Saep15 Page 4 of 11
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Calibration Parameter Determined in Head Tissue Simulating Media

| Relative Conductivity Depth ™ Unc

f(MHz)" | Permittivity" (sim)" Convi X | ConvFY | ComviZ | Alpha® |  (mm) (k=2)
450 435 087 | 1067 10.67 10.67 0.18 170 | =133%
750 419 0.89 9.81 9.81 9.81 0.26 124 | 2120%
835 415 0g0 | os? 9.57 a57 0.27 117 £120%
900 415 0.97 ‘ 9.29 9.29 9.29 029 1.12 +120%
1450 405 1.20 8.08 8.08 8.08 0.26 106 | 2120%
1750 401 1.37 8.05 8.05 8.05 0.34 080 | 2120%
1900 40.0 1.40 7.80 7.80 7.80 | 0.34 080 | $120%
1950 40.0 1.40 7.57 7.57 7.57 0.40 080 | 2120%
2300 305 1.67 7.43 7.43 7.43 0.33 083 | 2120%
2450 39.2 1.80 8.94 6.24 6.04 0.32 092 | 3120%
2600 380 1.96 6,81 6.81 681 | 043 080 | £120%
3500 379 2.01 6.92 692 6.92 0.29 139 | #131%
5200 36.0 466 5.13 5.13 5.13 0.35 1.80 | #131%
5300 35.9 4.76 4.95 4,95 495 0.35 180 | 131 %
5500 356 4.96 4.53 4.53 453 0.40 1.80 | +131%
5600 355 507 4.35 4.35 4.35 040 | 180 | £131%
5800 353 527 4.53 4.53 453 040 | 180 | +131%

© Frequency valdiy above 300 MHz of = 100&‘&Wyapd6ﬁ'aDA$YHdmhgfﬂ(mPngl2) ulunumnnmadtozs(lmt The
uncerpinty is the RSS of the Comé | y and the y for the y band. Frequency valitily
below 300 MHz s + 10, 25, 40, SDMNszu'CaMFuusnm:ulao 64, 128, 150“&0“&@9&% Avove 5 GHz Mequency
valgity can be @xtanded to £ 110 MMz

' Al requencies bakow 3 GHz. the vaidity of tissun paramaters (¢ and o) can be refawed 1o ¢ 10% If ligud compansalion formuls & appliad to
measured SAR values Af frequencies sbove 3 GHz, the validity of tissue parameters (1 and «) is resiictad 1o = 5%, The uncertainty is the RSS of
the Coovi unceﬂlmly far indicsted targel basus perametans

“ Apha'Depih are o Wi during SPEAG that the remaning Geviation dus 1o e boundary elfect alter compensation &
ohwiys fess han = 1% for Yequencies betow 3 GHz and below £ 2% for frequencies between 3.6 GHz &t any distance larger than hall (he probe 1P
diameter from the bogndary.
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EX30V4- SN:7370 Saptember 1. 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Refative Conductivity Depth ™ Unc
f(MHz)® | Permittivity” ($/m)* "~ | ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 56.7 0.94 11.08 11.08 11.08 0.11 1.60 +133%
750 55.5 0.96 9.82 9.82 9.82 0.24 1.27 120 %
835 55.2 0.97 9,66 9.66 9.66 0.29 1.25 +120%
1750 534 1.49 7.76 7.76 7.76 047 0.81 +120%
1900 53.3 1.62 7.49 7.49 749 0.41 0.80 +12.0 %
2450 52.7 1.95 7.16 7.16 7.16 0.35 | 0.80 +120%
2600 525 2.16 7.07 7.07 7.07 0.29 0.80 $120% |
5200 49.0 5.30 4.64 4.64 464 0.45 1.90 +13.1%
5300 489 542 4.48 4.46 4.46 045 | 190 +131%
5500 456 565 | 403 403 4,03 0.50 1.90 £131%
5600 48.5 5.77 3.85 3.85 3.85 0.50 1.90 £131%
5800 48.2 £.00 4.03 4,03 4.03 0.50 1.90 ] £13.1%

© Froquancy validity nbove 300 Mz of + 100 MHz ondy apphies for DASY vd.4 and higher (see Page Z), el £ & restricted 1o + 50 MHz. The
uncertainty is the RSS of the ConvF uncertanty at calibration frequency and the uncentairty for the sdicated fequency band. Fraguancy validey
besiorw 300 MH2 18 = 10,25, 40, 50 and 70 MHz for ConvF assessments af 30, 64 126, 150 and 220 MHz mespactivaly. Abave & GHz frequency
validity can be exiended to + 110 Mz

¥ s fraquencies below 3 GHz, the validity of issue parameters (c and ) cin be rslixed 10 = 10% If liquid compansation & is apphed 1o
moaswred SAR values. At frequencies sbove 3 GHz, Ihe validty of tissue parametens (¢ and a) s restricted lo £ 5% The uncantainty is the RSS of
the Comvf uncertainty for indicated taiget Issus parameters.

Y Npnha/Depeh ars d Juring 1. SPEAG watrrmnis that (e remaining desviation dus 10 Ihe b y offoct aftor wsalion
ahwitys 188 Ihan = 1% for froguencies below 3 GHz and below = 2% for lrequencies tatwean 3-6 GHz at any dstance larger than hat the probe Sp
diamener from the boundary.

Certificate No: EX3-7370_Sep15 Page 6of 11
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EX3DV4- SN.7370 September 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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September 1, 2015
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Uncertainty of Axial Isotropy Assessment: 1 0.5% (k=2)
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Dynamic Range f(SAR}ca4)
(TEM cell , foun= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

EX3DV4- SN:73710

Conversion Factor Assessment

= 835 MHz WGLS R9 (H_comvF)
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e
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rwsa e

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

SR g W
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* - L L) w

2 » !
w—iixs

September 1, 2015

1= 1900 MHz WGLS R22 (H_comF)

-10 -08

06 04 02 00 02 O+
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:7370

Other Probe Parameters

| Sensor Arrangement Triangular
[ Cannector Angle {°) 94.7
"Mechanical Surface Detection Mode | enabled
Optical Surface Detection Mode disabled
“Probe Overall Length 337 mm |
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25 mm
Probe Tip to Sensor X Calibration Paint 1 mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 1.4 mm
Certificatn No: EX3-7370_Sep15 Page 11 of 11

F-TP22-03 (Rev.00) 144 /199 HCT CO.,LTD.



P CT

HCTCO,,LTD.

FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 3004 Zurich, Switzedand

Acoredited biy the Swiss Acoradiation Sanvce (SAS)
The Swiss Accreditation Service is one of the signatornias to the EA
Multiiateral Agreement for tha recognition of calibeation certificates

Caibration Equipment used (MATE critical for calibration)

This caiibeation canficate cocuments the tracsabiity to nasional standards. which realize the phy
The messLremants and the uncartamties with confidance probatiity am given on the follking pages und are paet of (he cenilicste.

'.V/'\ ¥ *0!

,‘,';},,N \‘. >

of untts of (S8

|
§

Service suisse d'étalonnage
Servizio svizzero di taraturs
Swiss Caliration Service

wo

Accraditation No.: SCS 0108

All calbrabons have been conduciad in the cosed laboratary taciRy. anvitonment tenperstute (22 = 3)°0 and humidity < 70%.

Primary Star 0 Cal Date {Comficate No ) Scheduled C:

Power meter E44168 GB1293874 01-Apr-16 (No. 21702128) Mar- 18

Power sensar E4412A4 MY 41400087 01-Apn 15 {No. 217-02128) Mar 16

Rl SdB A SN: 85064 (3¢) 01-Apr-16 (No. 217.02129) Mar-16

Reh 20 dB A SN S5277 (20x) 01-Apr-15 (No. 217-02132) Mar-16

Ref 30 dB At SN 56129 (30b) 01-Apr-15 (No. 21702133) Mar-18

Ref Probe ES30V2 SN 3013 30-Dec-14 {No, ES3-3013_Dectd) Dec-15

OAE4 SN 860 14-Jan-15 {No. DAE4-960_Jan15} Jan-16

5 dary Standard D Chack Date (in houss) S Check

RF ge HP BBaRC US3842001700 £-Aug-98 (in house check Apr-135) In house chack. Apr-16

Netwock Analyzes HP S783E US37300585 18-0:1-01 (i houss check Oct-15) In house chack: O4-16
Name Function

Approved by

Fssuet: December 16, 2018

This calibration cerilicate ahal nol be reproduced axcept n full without wetten aparovad of the laboratary.
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Calibration Laboratory of S S Schweizerischer Kalibriordionst

Schmid & Partner 3 = G Service suisse détalonnage
Engineering AG H = Servizio svizzero i taraturs

Zeughausstrasse 43, 8004 Zurich, Switzerfand "-4\7-’;—\\\“,\-‘ S Swiss Calibiration Service

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

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

Multilatoral Agre for the recognition of calibeation certificates

Glossary:

TSL tissus simulating fiquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL/ NORMx,y.z

DCcP dicde compression paint

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

A B CD modulation dependent lnearization parameters

Polarization ¢ i retation around probe axis

Potarization 8 # rotation around an axis that Is in the plane normal to probe axis (at measurement centsr),

.2, % =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X 1o ihe robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} 1EC B2208-1, "Procedure to measure the Specific Absarption Rate (SAR) for hand-held devices used in close
proximity to the aar (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

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

*  NORM(fx,y,z = NORMx.y,z * frequency_response (see Frequency Response Chart). This linearizaltion is
implemented in DASY4 software versions fater than 4.2. The uncertainty of the frequency response is Included
in the stated uncartainty of ConvF.

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

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

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

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

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

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

« Connectar Angle: The angle Is assessed using the information gained by determining the NORMx {no
uncertainty required)

Certificate No: EX3-3867_Dects Page 2 of 11
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Probe EX3DV4

SN:3967

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3067 December 16. 2015

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

Basic Calibration Parameters

5 Sensor X Sensor Y “SensorZ Une (k=2)
Norm (uVAVim)*y" 0.54 038 0,45 +101%
DCP (mV)" 101.3 g7.8 101.0

Modulation Calibration Parameters

uip Communication System Name A B c ) VR Unc®
a8 dBVuV dB my (k=2)
0 oW x| 00 0.0 10 | 000 | 1450 | 435%
Y| 00 0.0 1.0 143.7
zZ. 00 0.0 1.0 138.2

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

* The uncartainties of Norm X.Y.Z do not atfect tha £'-fieki uncedarty inside TSL (ses Pages 5 an 6)

Y Numericarl ineanzation parameter: uncenanty not required

¥ Uncertainty is dutermined using the max. deviation from lnear respanse applying rectangular distnbution and is expressed for the squam of the
fiedd vahue
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EX3DVa- SN:3967 December 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unc
f(MHz)C | Permittivity" {sim)"’ ConvFX | ConvFY | ConvFZ | Alpha® | (mm) | (k=2)
750 419 0.89 10.27 1027 10.27 0.21 139 | £120%
835 41.5 080 | 987 9.87 9.87 0.20 138 | £12.0%
900 415 097 | 970 9.70 970 0.25 115 | s120% |
1450 405 1.20 B.19 8.19 8.19 0.29 092 | +120%
1750 40.1 1.37 8.39 8.39 5.39 025 | 088 | +120%
1900 400 1.40 8.11 8.1 8.11 0.39 080 | +120%
1850 40.0 1.40 7.90 7.90 7.90 0.38 086 | £120%
2300 395 167 7.73 7.73 773 | om 084 | £120%
2450 39.2 1.80 7.42 7.42 742 | 040 080 | £120%
2600 39.0 1.96 747 7.47 747 0.41 083 | £120%
3500 37.9 291 769 | 769 7.69 0.94 063 | £131%
5200 36.0 466 537 5.37 5.37 0.35 180 | £131%
5300 359 476 5.04 5.04 5.04 0.40 180 | #13.1%
5500 356 4.96 4,87 4.87 487 0.45 180 | +131%
5800 35.5 5,07 4.65 4.65 4.65 0.50 180 | +131%
5800 35.3 5.27 4.69 4.69 4.69 0.50 180 | £131%

€ Froguancy validity above 300 Mz of + 100 MHz anly spoabes Sor DASY wé 4 and higner (sea Page 2), else il is restncted 1o + 50 Mz, The
uncortanty is the RSS of the CanvF uncertainty i calibration frequency and the unceriainty for the indcated frequency band. Frequency validity
telow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for Con assessmants a8 30. 64, 128, 150 ang 220 MHz respectively, Above 5 GHz frequercy
vuhdlycanbeeatmdedm' 110 MHZ

" Al froquencias below 3 GHz, the valdty of tissue parameters (o and o) can be relaxed 10 + 10% # kguid compensaton formaa is applied o
measured SAR vakes. Al frequences above 3 GHz, the valaity of tssus parameters (c and o) & resincted 10 2 5%. The uncerdsrty s the RSS of
lha ConvF uncatanty for Ingicated target tssus parameters.

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

EX30V4- SN:3067 December 182015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth * Une

CH(MHR) ® | Permittivity (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 9.92 9.92 0.92 0.22 1.41 £120%
835 55.2 0.97 9.76 9.76 9.76 0.24 1.28 +12.0%
1750 53.4 1.49 8.04 8.04 8.04 0.40 0.85 £12.0%
1800 53.3 152 7.95 7.95 7.95 0.35 092 | £120%
2450 52.7 1.95 7.31 7.31 7.31 0.40 0.86 £12.0%
2600 525 216 7.19 7.19 7.19 0.25 1.05 +12.0%
3500 51.3 an 6,56 6.86 5.86 0.36 1.14 | £131%
5200 49.0 5.30 4.32 4.32 4.32 0.55 190 | 131 %
5300 489 542 4.23 4.23 423 0.55 180 | £131%
5500 488 565 3.80 3.80 3.80 0.80 180 | 131 %
5600 48.5 577 | 370 3.70 370 060 | 190 | £131%
5800 ‘ 482 6.00 382 3.82 3.82 0.60 190 | +13.1%

© Fraquancy validty above 300 MHz of 2 100 Mz only appies for DASY w4 and higher {see Page 2). alse It is resticied fo £ 50 MHz. The
uncersinty s the RSS of the ConvE unceriainty at caltraton fraguancy and the uncertainty for the indicated fraquency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MMz for CowF assesaments at 30, 64, 128, 150 and 220 MMz respechively. Abave 5 GHz freguency
vakdity can be exlended 1o = 110 MHe

" Al froquencies bolow 3 GHz. the valdity of tissue parameters (¢ and ) can be refaed 10 £ 10% if liguid comp formula is apphed to
measured SAR values Al freguencies sbove 3 GHz, the validity of tasue paramesars (s and o) is reaiciad 10 £ 5%, The uncertainty is the RSS of
the ConvF uncertainty for indicatad targel ssus parameters

% Alpha'Death are detenmned duning SPEAG that tha ramanng ceviation cue 1o the y effect after cor

atways less than + 1%h&equmbebw36mwbebwthlulrwbemenSGG!kunnydslammglhan hallmmabew
diamefer from the boundary
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EX3DV4- SN:3967 December 16, 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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HCTCO, LTD.

FCC ID: A3LSMZ200M

EX3DV4

Enor [dB)

Contificate No: EX3-3967_Dec15

SN.2867

December 16, 2015

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

Fage 3 of 11

F-TP22-03 (Rev.00)

152 /199

Report No.: HCT-A-1704-F001-1

HCT CO.,LTD.



IaCT

HCTCO, LTD.

FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

EX30V4- SN:3867

gnal [uVv]

S

Input

Certflicate No. EX3-3067_Dea1s

Dynamic Range f(SAR}caq)
(TEM cell , foya= 1900 MHz)

December 16, 2015
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Uncertainty of Linearity Assessment: £ 0,6% (k=2)
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EX3DV4- SN.3867 December 16, 2015

Conversion Factor Assessment

=835 MMz WGLS R9 (H_convF) f= 1900 MHz WGLS R22 (H_convF)
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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-1704-F001-1

EX3IDVA-- SN:3967

DASY/EASY - Parameters of Probe: EX3DV4 -

Other Probe Parameters

December 16, 2015

SN:3967

Sensor Arrangement Triangular |
“Connector Angle (7). -20.6
| Mechanical Surface Detection Mode o enabled
Optical Surface Detection Mode disabled
| Probe Overall Length 337 mm
“Probe Body Diameter | 10 mm
| Tip Length "G mm |
Tip Diameter 25mm
Probe T 1o Sensor X Calibration Paint 1mm
Probe Tip 1o Sensor Y Calibration Paint 1 mm
Probe Tip to Sensar Z Cailbration Point . 1 mm
"Recommended Measurement Distance from Surface 1.4 mm
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HCTCO,LTD.

FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzeriand

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

Client

HCT (Dymstec)

L
NN

s Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D750V3-1014_Jul16

CALIBRATION CERTIFICATE

Otjact

Calibreation procedurels)

Calibration date:

D750V3 - SN:1014

QA CAL-0539

Calibration procedure for dipole validation kits above 700 MHz

July 22, 2016

Calitention Equipment used (MATE crifical for caltration)

This calibeation cedificate documents the {racesbilty to nationsl standards, which reaize the physical units of measuremants {S1),
The measuramants and the uncertainties with confidence probablity are glven on the following papes and are parn of tha canficate

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

Primary Standards e Cal Dato (Cortficate No.) Schaculed Cailbration

Powsar mater NAP SN: 104778 DS-Ap:-16 (No. 217-02288/0228%) Ape-17

Powar sanaor NRP-Z61 SN: 103242 06-Apr-16 (No. 217-02288) Apr17

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

Feterance 20 dB Ateauator SN: 5068 {20k) 05-Apr-16 {No. 217-02292) Apr-17

Type-N mismatich combination SN; 5047 2/ 06327 05-Api-16 {No. 217-02285) Apr-17

Felerance Probe EX30VA SN: 7340 16-Jun-18 (No. EX3-7348_Jun16) Jun-17

DAE4 SN; 601 40-Dec-15 (No. DAE4-601_Dec15) Doc-18

Secondary Standards 10 ¥ Check Date (in houss) Scheduled Check

Power meter EPM-4424 SN GBIT480704 07-0ct-15 (No. 217-02222) I house chacke Oce18

Power sansar HP 8481A SN; US37292783 07-0ct-15 (No. 217-02222) In house check: Oct-16

Power sansar HF 84814 SN Y4 108217 07-0ct-15 (No. 217-022235) In house checke Oct-16
| RF genecator F&S SMT-06 SN 100672 15-Jun-15 {in house check Jun-15) in housa chock: Oc-16
| Network Anatyzer HF 8753E | SN: US3Ta60585 18-0ct-01 (in housa check Oct-15) in housa check: Oct-16

Name Function
Cadbratod by: Claudio Laublar Labaratary Technicizn
Aporoved by Raga Pokovia Technical Manager /@_

This calitration certificate sl not b seproducad except in Rll withoot written appeoval of the laboratory.

lssued, July 26, 2016

Certificate No: D750V3-1014_Jul1g
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HCTCO,LTD.

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurich, Switzerland

G Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzeco di taratura

S Swiss Calibration Service

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

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

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

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

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

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

Cartlicate No: D750V3-1014_Jul16 Page 20t 8
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HCTCO,LTD.

FCC ID: A3LSMZ200M Report No.: HCT-A-1704-F001-1

Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Exirapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequoncy 750 MHz = 1 MH2z
Head TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (220+02)°C 40.89+8% 0.91 mho/m =6 %
Head TSL temperature change during test <05°C eee —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 @) of Head TSL Condition
SAR measured 250 mW input power 212 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.29 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 1.39 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5,46 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 55.5 0.96 mho/m
Measured Body TSL parameters {220202)°C 551+6% 0,98 mho'm = 6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.24 Wiy
SAR lor nominal Body TSI parameters normalized to 1W B.74 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measursd 250 mW Input powet 1.46 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.72 Wikg = 16.5 % (k=2)

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

Impedance, transiormed to feed point 5470Q+22iQ

Aeturn Loss -26.1dB

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

[ Elactncal Delay (one direction) ] 1.033 ns

Aiter 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 canter conductor of the feading line is directly connected to the
second arm of the dipole, The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole anms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on March 22, 2010
Certilicate No: D750V3-1014_Jul1é Pagad4of 8
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HCTCO,LTD.

DASYS5 Validation Report for Head TSL

Date: 21.07.2016

Fest Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz D750V3; Type: D750V3; Serial: D750V3 - SN:1014

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

Medium parameters used: f = 750 MHz; o= 0.91 Sfm; & = 40.9; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07); Calibrated: 15.06.2016;
Sensor-Surface: | . 4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 30.12.2015

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

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

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

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

Peak SAR (extrapolated) = 3.19 Wikg

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

Maximum value of SAR (measured) = 2.83 Wikg

-2.14

-4.28

-6.42

-8.56

-10.70

0dB = 2.83 Wikg = 4.52 dBW/kg
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Impedance Measurement Plot for Head TSL

2% Jul 28468 12:47:35
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DASYS5 Validation Report for Body TSL

Pate: 22.07.2016

T'est Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz D750V 3; Type: D750V 3; Serial: D750V3 - SN:1014

Communication System: UID () - CW: Frequency: 750 MHz

Medium parameters used: =750 MHz; o= 0.99 §8/m; & =55.1; p= 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9,99, 9.99, 9.99); Calibrated; 15.06.2016;
Sensor-Surface: |.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30.12.2015

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

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

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

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

Peak SAR (extrapolated) = 3.42 W/kg

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

Maximum value of SAR (measured) = 3.01 Wikg

dB
0

-2.40
4.80

-7.20 NI

-9.60

-12.00

(dB = 3.01 W/kg =4.79 dBW/kg
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Impedance Measurement Plot for Body TSL

22 Jul 2046 17:31144
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FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

HCTCO,,LTD.
i o
ga:“bf:':’; l;.:’boratory of \\\&///", G Schweizerischor Kalibrierdienst
Ci m! ; anner M c Service sulsse d'éalonnage
Engineering AG i Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerand OIS S  Swiss Callbration Service

Accredited by the Swiss Accruditation Senvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agr for the gnition of calibration certificates

client  HCT (Dymstec)

Accroditation No.: SCS 0108

Certificatn No: DB35V2-441_Nov16

CALIBRATION CERTIFICATE

Object D835V2 - SN:441

Calibration procedure(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MMz

Caltration date November 16, 2016

This catbration cedificate documants the tracesbilty 1o nationa? standards. which realize the physical unils of meastrements (S4)
The measurements and thi uncanainties with confidance probability ans given on the following pages and are part of the cecificate

Al calibeativns have baen conducied in the cosed Izborstovy tacility: envirconment femperature 122 + 3)°C and humidity < 70%.

Calibeation Equipment used (MATE critical for calbration)

Primary Standards 1D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter NP SN: 104778 06-Ape-16 (No. 217-02288/102289) Apra7
Powar sensor NRP-Z81 SN 103244 06-Apr-16 (Na, 217-02288) Apr17T
Power sensor NRP-Z91 SN: 103245 U6-Apr16 (No. 217-02289) Apr-17
Ralerence 20 o8 Attanuatar SN 5058 (20%) 05-Apr-16 (No. 217-02282) ApraT
Type-N ausmatch combination SN: 5047.2/ 08327 05-Apr-16 (No. 217-03255) Apr-17
Rofarance Probe £X30V4 SN. 7348 154lun-16 (Ne, EX3-7328_Jumié) Jun7
DAE2 SN: 601 30-Dec-15 (No, DAE4-E01_Dec15) Dec-168
Secondary Standards iD# Check Dale (in house) Schediled Check
Powar matar EPM-4424 SN: GB37480704 07-0ct-15 (in house check Det-16) In housa check: 02118
Powur sansor HP B461A SN: US37292783 07-0ct-15 (in house check Oct-18) in housa chackc Oct-18
Powwr sensor HP B4B1A SN MY&t0s231? 07-0ct-15 {in house check Det-18) in house chack: Dc1-18
AF genesator RSS SMT-06 SN 100372 15-Jun-15 (in house check Oct-18) In house chack. Oct-18
Network Analyzer HF 8753E | SN: US37300585 18-0ct-01 (in house chack Oct-16) n house check: ODct-17
Name Function Syng! o

Calibrated by: Claudio Lesibar Laboratory Technician ( )

| M
Approved by: Katja Poxovic Tachnical Manager

e

tssuad: Novembar 17, 2016

This calibeation certéicate shall not ba mproduced excepl in full wehout weittan approval of the labaratory
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The Swiss Accreditation Service is one of the signatories to the EA
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Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

¢) 1EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and 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%.
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequancy B35 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mho/m
Measured Head TSL parameters (220202)"C 40926% 0.94 mha/m + 8 %
Head TSL temperature change during test <05°C ——— -
SAR resuit with Head TSL
SAR averaged over 1 em’ (1 g) of Head TSL Candition
SAR measurad 250 mW input power 243 Wikg
SAR for nominal Head TSL parameters normalizad to 1W 9.38 Wikg = 17,0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL candition
SAR measurad 250 mW input power 1.57 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.11 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0,97 mho/m
Measured Body TSL parameters (220+0.2)°C 552+6% 1.01 mha/m + 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Conxdition
SAR measured 250 mW input power 248 Wikg
SAR for nominal Body TSL paramsters normalized 10 1W 9.62 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.63 Wikg
SAR for nominal Body TSL parameters normalized o 1W 6.37 W/kg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transfarmed to feed point 5080-18jQ

Return Loss -341dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 460046

Return Loss 24008

General Antenna Parameters and Design

[ Electrical Delay (one direction) ] 1.369 ns

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

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

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

feedpoint may be damaged
Additional EUT Data
Manufactured by SPEAG
Manulactured on March 08, 2001
Certificate No: DE35V2-441 Nov16 Paged ot@
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DASYS5 Validation Report for Head TSL

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

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

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

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

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated: 15.06,2016;
« Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30,12,2015
* Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

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

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

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

Peak SAR (extrapotated) = 3.67 Wikg

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

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

-2.23

-4.47

0.dB =3.27 W/kg = 5.15 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 16.11.2016
Test Laboratory: SPEAG, Zurich, Switzerfand
DUT: Dipole 835 MHz; Type: D835V 2; Serial: D835V2 - SN:441

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

Medium parameters used: f = 835 MHz; o= 1.01 8/m; &, = 55.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63,19-2011)

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.73, 9.73, 9.73); Culibrated: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601: Calibrated: 30.12.2015
«  Phantom: Flat Phantom 4.9 {front); Type: QD O0L P49 AA; Serial: 1001

« DASY352 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 59.90 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.61 W/kg

SAR(1 g) = 2.48 W/kg; SAR(10 g) = 1.63 W/kg

Maximum value of SAR (measured) = 3.25 Wikg

-2.12
o -4.24
6.37

-8.48

~10.61

0dB=3.25W/kg =5.12 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

: SN Schweizerischor Kalibrierdienst

Schmid & Partner A= Z S Service sulsse détalonnage
Engineering AG % C' Seavisio witzaero & taraturs

Zoughsusstrasse 43, 8004 Zurich, Switzerland % ,ﬁ‘,\? Swiss Calibration Sarvice

fehido\y

Accradied by the Swiss Accrediation Service (SAS) Accroditation No.: SCS 0108

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

Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec) Cortificats No: D1800V2-2d007 Nov16

CALIBRATION CERTIFICATE

Ouject D1800V2 - SN:2d007

Caiibration procedurs(s) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

Caibralion date: November 16, 2016
This calbration cerfificalo documents ihe traceabilty 1o national standards, which realize tha physical units of measuremants (51)
The measuremants and the uncertamtias with confidance probability are given on the following pages and are par of the cedificate

All cadbrations have been conducted in INe closed Eboratory laclity: environment lempesatire (22 « 3)°C and humidity < 70%,

Calvration Equipment uSed (METE critical for calibrstion)

Primary Standands 0 # Cal Date (Certificate No.) Schedulod Caib
Power meter NRP SN: 104778 06-Agr-16 (No. 217-02288/02239) Apri7

Power sensor NRP-Z31 SN: 103244 C6-Ape-16 (No. 217-02288) Apr-17

Power sansor NRP-231 SN: 103245 06-Apr-16 (No. 217-02289) Apr-17

Refarance 20 dB Atteruator SN: 5058 (20x) 06-Ape-16 (No. 217-02202) Apr-17

Typa-N mismatch combination SN: 5047.2 / 08327 06-Apr-16 (No. 217-02205) Apr-17

Retarence Probe EX30V4 SN: 7344 15Jun-16 (No. EX3-7348_Juni18) Jun-17

DAE4 SN: 601 a0-0ec-15 (No. DAES-601_Dec15) Dec-16

Secondary Standards Lo Check Oate {in housa) Schoduled Check
Powsr mater EPM-4424 ‘ S GBAT48004 07-0ct-18 (in house chack Oct-16) In heuse chack: Oct-18
Power sensor HF B4B1A SN: US3r262783 07-0ct-15 (in house check Ocl-16) In housa chack: Oct-18
Powes sensor HP B4AB1A SN MY41002317 07-0ct-15 {in house chack Oct-16) n house check: Oct-18
AF generalor RES SMT-06 SN 100872 15-Jun+18 (in house check Oct-1€) In house check: Oc1-18
Network Analyzer HP B753E SN; US37390585 18-0ct-01 {in house check Oct-18) In house check: Cct-17

Nama Functiot s
Calibeatod by: Claudio Laublar R Tahce:

Approved by Katia Pokavic Technical Manager /%

Issumct. November 17, 2018

This calibration cadficate shall not ba reproduced except n full wishout written approval of the abaratary
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Acaredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

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

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

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

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

SAR normalized: SAR as measured, normalized fo 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 reroned uncertainty of measurement is stated as the standard uncertainty of measurement
multipl
probability of approximately 95%.

ed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn
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 follawing parameters and calculations were applied.
Temperature Permittivity Conductlvity
Nominal Head TSL parameters 220°C 40.0 1.40 mhoim
Measured Head TSL parameters (220+0.2)°C 391 +6% 1.39mho/m £+ 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Candltion
SAR measured 250 mW input powes 9.47 Wikg
SAR for nominal Head TSL parameaters normalized to 1W 37.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 4.95 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 19.8 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 53.3 1.52 mho/m
Measured Body TSL parameters (220+02)°C 5368=26% 1.52 mho/m £ 6 %
Body TSL temperature change during test <05°C some
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Caondition
SAR measured 250 mW input power 9.39 Wikg
SAR for nominal Body TSL parameters normalized to 1W 37.6 Wikg = 17.0 % (k=2)
SAH averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 4.97 Wikg
SAR for nominal Body TSL parameters normalized to 1W 19.9 Wikg = 16.5 % (k=2)

Certificate No: D1800V2-2d007_Nov16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point 4720 -840

Retum Loss -209d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4380Q-62Q

Retum Loss -20.7d8

General Antenna Parameters and Design

Electrical Delay (one direction) [ 1,203 ns T

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the leeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to 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 is still
according to the Standard,

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

Additional EUT Data

Manufactured by SPEAG
Manufactured on July 23, 2001
Cerificate No: D1800V2-2d007_Novis Page 4ol B
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DASYS5 Validation Report for Head TSL

Date: 15.11,2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1800V2 - SN:2d007

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

Medium parameters used: f = 1800 MHz: 6 = 1.39 $/m; £ = 39.1; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 15.06.2016;
»  Sensor-Surface; |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated:; 30.12.2015
«  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

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

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

Reference Value = 105.8 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.47 W/kg; SAR(10 g) = 4.95 W/kg

Maximum value of SAR (measured) = 14,7 Wikg

-3.60
-1.20
-10.80

-14.40

-18.00

0dB =147 W/kg = 11.67 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1800 MHz; Type: D1800V2; Serial: D1S00V2 - SN:2d007

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

Medium parameters used: = 1800 MHz; o = 1.52 S/m; & = 53.6; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.17, 8.17, 8.17); Calibrated: 15.06.2016;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn601; Calibrated: 30.12.2015
Phantom: Flat Phantom 5.0 (back): Type: QDODOPS0AA; Serial: 1002

DASYS52 52.8.8(1258); SEMCAD X 14.6.117372)

Date: 16.11.2016

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5Smm, dy=5mm, dz=5mm
Reference Value = 101.5 V/m; Power Drift = -0.03 dB
Peak SAR (extrapolated) = 16,3 Wikg

SAR(I g) = 9.39 W/kg; SAR(10 g) =4.97 W/kg
Maximum value of SAR (measured) = 14,1 Wikg

-3.33

6.65

-9.98

-13.30

-16.63

0dB=14.1 W/kg = 11.49 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredied by the Swiss AccradRation Sarvice (BAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Muitilateral Agreement for the recognition of calibration certificates

HCTCO, LTD.
Calibration Laboratory of \é//’//// G Schweizerischer Kalibrierdienst
Schmid & Partner % G Service suisse diétalonnage
Engineering AG i Servizio svizzero dl taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand SN S swiss Callbration Service

Accraditstion No.: SCS 0108

Cliemt HCT (Dymstec) Certificate No: D1900V2-5d061_Apri16
CALIBRATION CERTIFICATE
Object D1900V2 - SN: 5d0D61
Calibeation procedurets) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calbration dute: Aprﬂ 25, 2016

This calluration cerlificals dacumants the raceabilty to national standards, which realize tha physical Unils of measuremeants (51)
The measremants and the uncedainties with cenflidence probabillly are ghven on the folowing pages and are part of the certificate

All calbrations have bean contuctad n the closed ry fachity: P (22 +3)°C and humidily < 70%.

Calibeation Equipment used (MBTE critical for calbration)

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

Pawer moler NRP SN 104778 06-Ape-16 (No, 217-02288/022848) Apr-17

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

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

Aeferance 20 dB Altenuslor SN 5058 (20k) 05-Apr-18 (No. 277-02290) Apr17

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

Raferance Probe EX3DV4 SN: 7345 §1-Dec-15 (No. EX3-7340_Dec15) Dec-18

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

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

Powar metor EPM-442A SN: GEI7460704 07-Oct-15 (No, 217.02222) In hausa check: Oct-16

Power sensar HP 8481A SN: US37292783 07-0ct-15 (No, 217.02222) In howse check: Oct-16

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

AF genarator H&S SMT.06 | SN: 100972 15-Jun-15 {in house check Jun-15] In house check: Oct-18

Network Anatyaar HP 8753E | BN UIS37390585 18-0O0t-01 (in house check Oct-15) in house check: Oct-18
Narne Function Signalure

Cafibrated by: Michael Waber Laboratory Technician /{“ !

Approved by: Katja Pokovic Technical Managor

lesued: April 26, 2016

This calibration cedtiticata shall not be reproduced except In full without writton aporoval of the laboralory

Certificate No: D1900V2-5d061_Apr&
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Calibration Laboratory of

{\\“ s "/.; Schweizerischer Kalibrierdienst
Schmid & Partner % g Service suisse détalonnage
Engineering AG Servizio svizzero di taratura
Zoughaussirasse 43, 8008 Zurich, Switzerland TN S Swisa Calibration Service
UM
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificate No: D1200V2-5d061_Apri6 Page20i8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYs V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+0.2)°C 4W00+6% 137 mho/m £ 8%
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAHA moeasured 250 mW input power 9.53 Wikg
SAR tor nominal Head TSL paramsters normalized to 1W 38.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW Input power 5.01 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mha/m
Measured Body TSL parameters (220+02)°C 528+6% 1.49 mho/m =6 %
Body TSL temperature change during test <05°C - —
SAR resulit with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.82 Wikg
SAR for nominal Body TSL parameters normalized to 1W 39.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5.20 Wikg
SAR for nominal Body TSL parameters normalized to TW 20.9 W/kg = 16.5 % (k=2)

Certificate No: D1900V2-50d061_Apr16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

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

Antenna Parameters with Body TSL

Impedance, transformed to feed point 479Q+B5/Q

Aeturn Loss -210dB

General Antenna Parameters and Design

I Electrical Delay (one direction) ] 1192 ne

After long term use with 100W radiated pawer, 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
sacond arm of the dipole. The antenna i therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Condifions” paragraph. The SAR data are not affected by this change, The overall dipole length is stil
according to the Standard.

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

feedpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manufactured on December 10, 2004
Centificate No: D1900V2-50061_Apr16 Page 4 of B
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DASYS5 Validation Report for Head TSL

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

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

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

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

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.2, 8.2, 8.2); Calibrated: 31.12,2015;
e Sensor-Surface: | 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12,2015
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001

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

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

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

Peak SAR (extrapolated) = 17.2 Wikg

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

Maximum value of SAR (measured) = 14.5 Wikg

-3.80
-7.60
-11.40

-15.20

-19.00

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

Certificate No: D1200V2-53061_Apri6 Page 50l 8

F-TP22-03 (Rev.00) 185 /199 HCT CO.,LTD.



IaCT

HCTCO,,LTD.

FCC ID: A3LSMZ200M

Report No.: HCT-A-1704-F001-1

Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

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

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

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

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

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

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

Peak SAR {extrapolated) = 17.3 Wikg

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

Maximum value of SAR (measured) = 14.9 Wikg

-3.80
-1.60
-11.40

-15.20

-19.00

0dB = 14.9 Wikg = 11.73 dBW/kg

Certiticate No: D1800V2-50061_Apri6 Page 7 of @
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of ~\\\\EI'//LLC S Schweizerischer Kafibrierdienst
Schmid & Pariner % c Service suisse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughousstrasss 43, 004 Zurich, Switzerland N S  Swiss Calibration Service

Accrodited by the Swiss Accroddaton Senice (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilaters! Agreement for the recognition of callbration certificates

HCT (Dymstec)
([CALIBRATION CERTIFICATE

Accreditation No.- SCS 0108

Client Cortificate No: D2450V2-965_Apr16

D2450V2 - SN: 965

e

Cadbration procedure(s)

Calraton date:

This calitwation doc

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

April 19, 2018

tha t bifity b0 natianal standasds, which reatize the physical units of measurements (Sl).

Calvration Equipment used (MATE critical for cafibestion)

| The maasuraments and the uncertaintias with confidence peobabilty are given on tha tallowing pagas and am pan of the canfficute

M calibrations have baen corducted In the cosed laboratory tacility: ervieanmont temperature (22 = 3)°C and humidity < 70%

Primary Standards 1D 4 Cal Date (Certificate No.| Schaduted Cal
Pawar metet NAP SN: 104778 06-Apr-16 (No. 217-02288/00289) Apr-17
| Powsr sensor NRP-231 SN: 103244 06-Apr-16 (No. 217-02264) Apr7
| Power sersor NRP-281 | SN 103245 06-Ape-16 (Na. 217-02269) Apr17
FAeinrence 20 dB Aftenuator SN 5058 (20k) 05-Ape-16 (No. 217-02292) Apr17
Typo-N mismaich combination | SN: 50472/ 06327 D5-Apr-18 (No. 217-02295) Ape17
Roforoncs Probe EX30VA SN; 7346 31-Dec-15 (No. EX3:7548_Dec15) Dec-16
DAE4 SN: B0 30Dac-15 (Na. DAE4-G01_Dec5) Doc-16
Sacondary Standards iDa Check Data (n house) Schaduled Check
Powar mesar EPM-442A 5N; GHITAB0704 07-0ea-15 (No. 217-02222) In house check: Oal-16
Powar sensor HP 8483A SN: US37292783 Q7-Oct-15 (No. 217-02222) In house check: Oct-16
Pawar sensor MP 84814 SN: MYA1092317 07-Oct-15 (Na. 217-02223) In house check: Oct-18
| AIF ganecator RAS SMT-08 | 8N 100872 15.Jun-15 {in house check Jun-15) In houss chock: Oct-16
Netwark Anatyzor HP 8753E | S8 UUS37390585 18:0ct-01 (in house check Oat-15) In housw check: Oct-18
MName Funation Syjrature
Calbrated by: Michasl Webst Labomtory Technician ” ﬂ ’
Approved by: Katia Pokovic Techrical Manager

P

Issued: Apri 20, 2016

This calibration caniticate shad not be reproduced axcept o full without wiitten spproval of Ihe boratory

Certificate No: D2450V2-965_Aprié
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, B004 Zurloh, Switzertand

S Schweizerischer Kalibrierdienst

c Service sutsso d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

hocredited by 1he Swiss Accraditabion Seevice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muttilnteral Ag ot tor the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

Canrtificata No: D2450V2-965_Aprié Page 20of8
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Report No.: HCT-A-1704-F001-1

Measurement Conditions

DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz2 = 1 MHz
Head TSL parameters
The tollowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL paramelers 220°C 382 1.80 mha/m
Measured Head TSL parameters (220=02)°C 400286% 1.83 mho/m =6 %
Head TSL temperature change during test <05C — —
SAR result with Head TSL
SAR averaged over 1 cm® (1 @) of Head TSL Condition
SAR measured 250 mW Input power 12.7 Whkg
SAR for nominal Head TSL parameters normalized 1o TW 50.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.89 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 23.5 Wikg = 18.5 % (k=2)
Body TSL parameters
The folfowing parameters and calculations were applied.
Tempersture Permittivity Conductivity
Nominal Body TSL. parameters 220"C 52.7 1.95 mho/m
Measured Body TSL parameters (220+02)°C 527 6% 1.98 mho/m £ 6 %
Body TSL temperature change during test <05"C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 12.4 Wikg
SAR for nominal Body TSL parameters normalized o 1W 49.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 578 Whkg
SAR for nominal Body TSL parameters nomalized to 1W 23.0 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-865_Apri6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, transformed to feed point 54610+ 38|Q

Heturn Loss -248dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51004590

Return Loss -24.5dB

General Antenna Parameters and Design

[ Electnical Delay (one direction) ] 1162 ns

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecled to the
second arm of the dipole. The antenna is theretore short-circulted for DC-signals, On some of the dipcies, small end caps
are added 10 the dipole arms in order to improve matching when loaded according to the pesition as explained in the
"Measurement Conditions® paragraph, The SAR data are not affected by this change. The overall dipole length is still
according to the Standard,

No axcessive force must be applled 1o the dipole arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manufactured on November 19, 2014
Cenlificate No: D2450V2-865_Apri6 Page 4 of B
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DASYS5 Validation Report for Head TSL

T'est Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

DASY52 Configuration:

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

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

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

Date: 19.04.2016

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

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

(-9
°m

-5.00

-10.00

-15.00

-20.00

-25.00

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

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

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

Medium parumeters used: f= 2450 MHz; o = 1,98 S/m; &, = 52.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(7.79, 7.79, 7.79); Calibrated; 31.12.2015;
« Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 30,12.20135
« Phantom: Flat Phantom 5.0 (back); Type: QDODOPSOAA; Serial: 1002

« DASY5252.8.8(1258); SEMCAD X 14.6.1(0(7372)

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

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

Peak SAR (extrapolated) = 24.7 Wikg

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

Muximum value of SAR (measured) = 20.0 W/kg
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0dB = 20,0 W/kg = 13.01 dBW/kg
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Schmid & Partner Engineenng AG

s peag

Zeughaussirasse 43, B004 Zurch, Switzerland
Fhone +47 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp fvwaw.speag com

Certificate of conformity / First Article Inspection

Item Triple Modutar Flat Phantomn V5.1
Type No QD 000 P51 C
Series No 1100 and higher
Manufacturer / Origin Untersee Composites
Knebelstrasse 8, CH-B268 Mannenbach, Switzertand
Tests

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

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

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

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

2005

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

Absorption Rate (SAR) for ..

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

Conformity

. Including accessories and multiple transmitters”, March 2010

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

Date 16.07.2015
Signature / Stamp
Ww Parecnrp AG
nn;ﬂ- ." A0 =3
PAELE S5 1. Han .4 2459779
o.;cm" FTRE AW spuqocm
DocNo BB1-QDOXOPS1IC-0
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Attachment 5. — SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 2450-2700
Tissue Type Head Body Head Body Head Body Head Body Head Body
Water 411 51.7 40.45 53.06 52.6 68.8 54.9 70.17 71.88 73.2
Salt (NaCl) 1.4 0.9 1.45 0.94 0.4 0.2 0.18 0.39 0.16 0.1
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 0.0 0.0 19.97 0.0
DGBE 0.0 0.0 0.0 0.0 47 31 44.92 29.44 7.99 26.7
Diethylene glycol
hexyl ether ) ) ) ) )
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

Triton X-100(ultra-pure):

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

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

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

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

Probe Dielectric Parameters CW Validation Modulation Validation

Probe Tortf .

oe | SRR OO s M S i s o0 [
8 3967 [EX3DV4|Head| 750 | 1014 |2016.12.29 421 0.90 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 |[EX3DV4|Body| 750 | 1014 |2016.12.30 56.0 0.98 PASS | PASS | PASS | N/A | N/A | N/A
8 3967 [EX3DV4|Head| 835 441 |2016.12.29 41.6 0.91 PASS | PASS | PASS |GMSK|PASS| N/A
8 3967 [EX3DV4|Body | 835 441 2016.12.30 55.5 1.01 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6|Head| 1800 | 2d007 |2016.11.24 40.1 1.41 PASS | PASS | PASS | N/A | N/A | N/A
3 3797 [EX3DV4|Body | 1800 | 2d007 |2016.12.07 531 1.5 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6|Head| 1900 | 5d061 |2016.08.08 40.3 1.43 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6|Body | 1900 | 5d061 |2016.08.09 53.5 1.49 PASS | PASS | PASS |GMSK|PASS| N/A
3 3797 |[EX3DV4| Body | 1900 | 5d061 |2016.12.07 53.1 1.51 PASS | PASS | PASS |GMSK|PASS| N/A
12 7370 |[EX3DV4|Head | 2450 | 965 |2016.05.02 39.1 1.78 PASS | PASS | PASS |OFDM| N/A |PASS
8 3967 [EX3DV4|Body | 2450 | 965 |2016.05/03 52.4 1.96 PASS | PASS | PASS |OFDM| N/A |PASS

SAR System Validation Summary 1g

Note;

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