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CALIBRATION CERTIFICATE |
Onyect EX3DV4 - SN:3803
Caitvaton procesureis) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration mwmsmm

Caiiration dalw September 28, 2015
Tha callbeotion cartficate documents the Sraceabilty to natonal standards, which reailze the phy | units of meas (8

The measursments and the uncenanties with confidence probabdty we given on the folowng peges and are part of the certificate

Al cafbeatons hove been conduciod in (he ciosed | y tachity: 0 (22 4 3)°C and hurmvdity < 70%

Catbraton Equipmen used (MATE cotcal for calibeation)

Primary Sta D Cal Date (Cectificate No | Schaduted C

Powet metel £44198 GEA1263874 O1-Ape-15 (No. 217-02128) Mar- 16

Power senaor E4412A MY4 1436087 O1-Agr-15 {No. 217-02128) Mar- 16

Referance 3 68 Atterustor | 5N 55084 {3¢) O1-Apr-15 (No. 217-02120] Mar-18

Reterence 20 dB Alenvator SN: 55277 (20x) 01-Apr-15 (No. 217-02132) Mor- 16

Referance 30 dB Attenust SN 55129 [Xb) Ot-Apr-13 (No. 297-02133) Mar-16

Refererse Probe ES30V2 SN: 3013 30-Deo-14 (No. ES3-3013 Degid) Dec-15

DAE4 SN: 860 14-Jon-15 (No, DAE4A-650_Jon15) Jan- 16

Secondory Stardards [+ Check Date (in house) Scheduled Chack

RF generalor HP B646C US3842001700 4-Aug-949 (in house chock Apr-13) In house check: Agw-16

Network Analyzer HP B753E USITI0088S 18-0ct-01 (in house chack Ot 14) In house check: Oct-15
Name Function

Cabbrated by Inrae Ensoud Labocstory Technician

Approvas by Katn Pokonc Tochnical Manager %4_

nsued September 30, 2015

Ths caitwation carficate shall not be reproduced axcept in Hill without writinn approval of the lboratory
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The Swiss Accreddation Service is one of the signatories to the EA

Multitateral Agroement for the recognition of calibration cectificates

Glossary:

TSL fissue simulating liquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

Dce diode compression point

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

AB CD modutation dependent linearization parameters

Podarization ¢ \p rotation around probe axis

Polanzation 4 4 rotation around an axis that is in the plane normal to probe axis (at measurement centar),
1.8., 8 =01 normal to probe axs

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

Calibration is Performed According to the Following Standards:

8) IEEE Std 1528-2013, "IEEE Recommaended 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 622041, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

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

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

Methods Applied and Interpretation of Parameters:

«  NORMxy,z Assessed for E-field polarization & = 0 (f < 900 MHz in TEM-cedl, { > 1800 MHz: R22 waveguide)
NORMx.y.z ara anly intermediate values, L.e., the uncertainties of NORMx.y,z does not affect the E™-field
uncertainty inside TSL (see below CanvF).

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

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

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

o Axy.z Bry.r Cxy.z Dxy.z VRxy,z: A B, C. D ate numerical knearization 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 dicde.

« ConvF and Boundary Effect Parameters: Assassed in flat phantom using E-field (or Temparature Transfer
Standard for | < 800 MHz) and inside waveguide using analytical fiek! distributions based on power
measurements for { > 800 MHz. The same selups are used for assessmant of the paramelers applied for
boundary compensation (alpha, depth) of which typical uncenainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close o the boundary. The sensiivity in TSL coresponds
10 NORMx.y,z * ComvF whereby the uncertainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which aflows extending the validity from + 50 MHz to 2 100
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 corespands to the offset of virlusl measurement center from the prabe tip
(on probe axis). No tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty requirad).
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EX3IDV4 - SN:A903 Seplomber 28, 2015

Probe EX3DV4

SN:3903

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systam!)
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EX30VA4-- SN:2903 September 28, 2015

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

Basic Calibration Parameters )

| Sensor X Sansor Y Sensor Z Une (k=2)
[ Noem (uVAVim)7)" 041 1 0.36 0.56 T2100%
[ DCP (mV) | 103.7 | 108.6 5994 |

Modulation Calibration Parameters

ruin e ; Systom Namae | A B c ‘ o VR Unc"
48 dB Vv d8 mv (k=2}
0 cw o | x| 00 0.0 10 | 000 | 1482 | 27%
= Y| o0 0.0 1.0 13
L Z 0.0 0.0 1.0 | 1438 |

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%.

A The uncenantes of Norm X Y. 2 do nat afect the E' Sl uncenmnty insice TSL (soe Pages 5 and 6)
" Numancal Ineanzation parameter: uncertanty nof regquined

' Uncertinty 8 determined using the max, devistion Yom Insar resp ppiyIng rectanguine ISTTOUtion and & axpressad for the scuire of the
liekd valtue
Contificate No: EX3-3903_Sep15 Page 4 of 11
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EX30V4- SN:3903 September 28, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Unc

(MHz)® | Permittivity” (Sfm) " ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 415 0.90 984 9.84 9.84 0.20 158 | £120%
Q00 415 0.97 9.68 9.68 9.68 0.22 140 | 2120%
1450 40.5 1.20 B.25 8.25 B.26 047 155 | £120%
1750 40,1 1.37 8.29 820 8.29 0.37 080 | £120%
1600 40.0 1.40 8.03 8.03 8.03 0.37 080 | £120%
1950 40,0 1.40 7.84 7.84 7.84 033 088 | £120%
2300 395 1.67 7.69 7.69 7.69 0.35 083 | 2120%
2450 9.2 1.80 7.35 7.35 7.35 042 080 | 2120%
2600 39.0 1.96 7.09 7.09 7.09 026 | 113 | 2120%
5200 36.0 4,86 528 5.28 5.28 0.40 180 | +13.1%
5300 35.9 476 508 5.08 5.08 0.40 180 | +13.1%
5500 35.6 4,96 4.91 4.9 4.91 0.40 180 | £131%
5800 355 5.07 470 4,70 4.70 0.45 180 | 2131 %
5800 353 527 | 480 | 460 | 480 | 045 | 180 | +131%

*meywmymm»tzdg|wmmmm¢umsvu4mm<mvmnmu:-muocuzwum The
uncenainty s the RSS of the ConvF uncertsrty 8t calbranon frequency and the uwcertanty foe iha Inoicated frequancy band. Frequency validty
Destow 300 MH3Z is + 10, 285, 40, 50 and 70 MHz tor ConvF assessments at 30, 4. 128, 150 and 220 MHz respectively Above 5 GHz frequency
vileiity can be extended (o & 110 Mz

‘Al trequencies bolow 3 GHz. the vaidity of fasue pacamwlens (c and o) can be reiamd 10 2 10% I Bquo compensaton formise & appied 1O
meswred SAR vilues Al frequencies above 3 GHz, the validity of bssue paramedors (c and o) s restriclad 10 = 5%, The uncartinty o the RSS of
the Con uncentiinly for indcated largel issue parameters

- ara determmed duning caliaton. SPEAG warrants tat the remaining devenion due 1o the boundary efiect alter Conipensation &
mwm;\sbtwwou:m-mma\sbmwuammmmummmmm»
diametar trom the boundary
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EXIOVA- SN:3903 Septamber 28, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity Depth® Une
C1(MHz)® | Permittivity” (8¢m)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 1005 | 1006 | 1005 | 023 | 120 | £120%
1750 534 1.49 7.94 7.94 7.94 039 | 085 | £120%
1800 533 1.52 7.72 1.72 7.72 034 | 087 | £120%
2300 529 1.81 757 7.5 7.57 042 | 080 | £120%
2450 52.1 195 7.38 7.38 7.38 031 | 085 | £120%
2600 525 216 722 722 7.22 022 | 095 | £120%
5200 49.0 5.30 457 457 457 050 | 190 | £131%
5300 489 542 442 442 4.42 050 | 190 | 2131%
5500 | 486 565 | 388 3.88 3.88 060 | 190 | 2131% |
5600 485 577 174 374 3.74 060 | 180 | +131%
5800 48.2 .00 4.05 405 4.05 060 | 190 | +131%

“me-cyumanmmmmawomomymuWVN-mm(mpng.wummxsoum. Thw
uncertainty in the RSS of the ConvF uncertzinty # calxaton fracuency and the unceranty for the indcated frequency bend Freguency valdey
bolow 300 MHz is £ 10, 2%, 40, 50 and 70 MHz for Com® assesamants at 30 64, 128, 150 and 220 MMz respecively Above 5 GHz frequency
walicity can be extendud 1o = 110 M

* At roquancies below 3 GMz. 1he valaty of tissue parametars (¢ and a) can be relaxed 10 £ 10% If kquid compersation farmula is oppled to
measurer SAR values. Al fraquences sbove 3 GHz. the valdity of tissos parsmeton (« and o) & restrichod 1o + 5% Tha uncartainty is the RSS of
he ConvF uncertisnty for mdicated target tasuo paramoters.

" AlphalDepth are deterrnined durng callbrabon SPEAG wartants tnat the remaining deviation dus 10 thw boundary sffect after compensanon o
mmtm:mvnrnwuaa:Mxmw:nbmmucmummlmwmn-mm
diameter from 1 DOUNGNY

Centificate No: EX3.3903_Sep15 Page 6of 11

F-TP22-03 (Rev.00) 140 /242 HCT CO., LTD



-
CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCOLLTD
EXIDVA- SN-3803 September 28, 201!
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: EX3-3803_Sep15 Page 7 of 11
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EX3IDV4A- SN:3003

September 28, 2015

Receiving Pattern (¢), 3 = 0°
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Cerlificats No: EXS L 1
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EXADVa4- SN 3903

September 28, 2015

Dynamic Range f(SAReaq)

(TEM cell , foya= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4A- SN Septembor 28, 2015
Conversion Factor Assessment
f= 835 MHz WGLS RS (H_comf) 1= 1900 MHz, WGLS R22 (H_convF)
L [y
i, 3
i i)
n £l .;:' - " - 0 - li\”‘ = " .
= s 2 e,
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
<10 08 <06 04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
Centificale No: EX3-3503_Sep15 Page 1D of 11
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EX3DV4- SN:38903 Saplomber 26, 2015

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

Other Probe Parameters

[Sensor Arangement Trnangular |
| Connector Angle (%) . [ 332
[ Mechanical Surface Detection Mode S | enabled |
| Optical Surface Detection Mode - ~ disabled |
| Probe Overall Length S ’— 337 mm |
[ Probe Body Giammnter ————— [ WlOTm%
Tip Length 9 mm ‘
Tip Dinmeter 25mm
Probe Tip to Sensor X Catibration Point 1 mm |
| Probe Tip to Sensor Y Calibration Point - | Tmm
Probe Tip 1o Sensor Z Callbration Point T imm |
“Recommended Measuremen! Distance from Surface 1.4 mm

Certficate No: EX3-3203_Sepi5 Page 11 of 11
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Caiibration Laboratory of A Schweizerischer Kalibriesdienst

Schmid & Partner — g Service suisse d'étalonnage
Engineering AG % Servizio svizzero i taratuea

Zoughausstrasse 43, 8004 Zurich, Switzeriand ’z@‘ S Guiss Caibration Service

Accracied by the Swiss Accreditasion Service (SAS) Accroditation No.: SCS 0108

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

Multilateral Agr for the recagnition of calibration certificates

CALIBRATION CERTIFICATE |

Qtject EX3DV4 - SN:3968

Cantraton procedure(s) QA GAL-01.49, QA CAL-12:v9, QA CAL-14.v4, QA CAL-23.V5,

aaa

Caltwation date: June 18, 2815

This calibration cedtificale documants the acaabiity to national standards, which reafice the physical units of measurements (S1),
The nts @nd the unoert with oo s peubabiity are gven on this followang pages and ave part of the certificete.

ARl catibeations have been conducted o the chozed lab y focility. s

9 £0 (22 1 3)°C and humidty « 70%.

Calibration Equpment used (MATE concal for cotbration)

l

Pramary Standards 8 Cal Date (Cevtificate No.} Schaduled Calbration
Pawer meter £44198 GB41293874 D1.Age. 15 (Na. 217-02128) Mar-18

Power senscr E44124 MY41485087 01-Agx-15 (No. 217-02128) Mar.18

Rek 3 48 Atterviatof SN: S5054 (2c) 01-Apr-15{No 217-02129) Mar18

Refecence 20 dB Attenuator SN: §5277 (20 01-Ape-15 (No. 217-02132) Mar. 18

Reference 30 d8 Aenuator SN: 55129 {300) 01-Apt-15 (No._ 247-02133) Mar- 16

Rell 0 Probe ES3DV2 SN: 3013 30-Dec-14 (No. E83-3013_Deg14) Dec-15

DAE4 SN 560 16-Jan-15 {No. DAEA-660 Jan15) Jam16

S dary Standards D Check Date (in house) Scheduled Check

RF g HP 8848C US3842001700 4-Aug-99 (in housa chock Apr-13) In house check. Apr-16
Network Anatyzer HP 87538 US3TI90585 18-0ct-01 {in house chack Oct-14) in house check: Oct-15

Name Function Signature

Cortrated by Jeton Kastrati mvmc—-(‘—v—‘ [ﬂ_—/
. 1 e
Approwed by, K Pokovic: Technicel Manoges /@-

’

Issuad June 18, 2015

This caliestion catificate shall not ba reproduced excapt in ful withowut weton approval of the laboratory.
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Calibration Laboratory of

R Schweizerischer Kadibriord
Schmid & Partner SN (S: Service suisse détalonnage
Engineering AG % Sorvizio svizzero di taratura
Zoughausstrasso 43, 8004 Zurich, Switzorland ""//;:\\’ S auies Calibeation Service
ol i
Accredited by th Swiss Accraditaion Service (SAS) Accroditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreamont for the racognition of calibration cectificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensilivity in free space
ConvF sensitivity in TSL/ NORMx.y.z
DCP diode compression point
CF crast factor (1/duty_cycle) of the RF signal
ABCD modulation dependent linearization paramelers
Polarization ¢ ¢ rotation around probe axis
Polarization § 3 rotation around an axis that is in the plane normal to probe axis (at measurement center),
Le., 5 = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensar X to the robot coardinate system

Calibration is Performed According to the Following Standards:

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

b) |EC 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

Methods Applied and Interpretation of Parameters:
NORMx.y.z: Assessed for E-field polarization 8 = D {f < 900 MHz in TEM-cell; { > 1800 MHz: R22 wavagu:de)
NORMx.y,z are only intermediate values, i.e., ths uncertainties of NORMx,y,z does not affect the E-field
uncerainty insiie TSL {see below ConvF),

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

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

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

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

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f <800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software 1o improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convi- whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
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 isolropy): in-a field of low gradients realized using a fiat phantom
expased by a patch antenna.

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

« Connector Angle: Tha angle is-assessed using the information gained by determining the NORMx (no
uncertainty required).

Coctificate No: EX3-3965_Junis Page 2of 11
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EX30V4 — SN:3068 June 18,2015
Manufactured:  September 30, 2013
Calibrated: June 18, 2015
Calibrated for DASY/EASY Systems
(Note: nan-compatible with DASY2 system!)
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EX3DV4- SN-3568 June 18, 2015

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2) |
Norm (pV/(Vim))" 0.26 0.35 0.42 +101%
DCP (mV)" 103.1 102.8 96.8 i

Modulation Calibration Parameters

| o @ ication System Name EE e | c [ o VR Unc®
| a8 | dBvpv | @8 | mv | (k=2) |
0 cw X | 00 00 | 10 | 000 | 1303 | $30% |
! I Y | 00 00 | 10 | 1208
| zZ | 00 00 | 10 | 1423

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

A Trg unoartalalios of NormX,Y,Z do not affect the £™-fietd uncertainty inside TSL {see Pages 5 and 6).
* Numerical ineanzation parameten. uncenainty ot regured

" Uncertainty s determined using the max. deviation from Snesr response applying rectanguiar distiibulion and & expressed for the square of the
fetd value.

Certificate No: EX3-3968_Jun15 Page &of 11
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EX3DV4- SN:3968 June 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth© Unct.
T(MH)® | Permittivity” | (Stm)” ConvE X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
150 52.3 0.76 13.08 13.09 13.09 0.00 100 | =133%
300 453 087 12.28 12,28 12.28 0.10 120 | £133%
450 435 0.87 10.81 10.61 10.61 0.18 120 | £133%
750 418 0.89 992 9.92 9.92 0.18 157 | #120%
835 a5 0,90 9.60 9.60 9.60 0.21 164 | £120%
800 415 0.97 9.45 945 9.45 0.22 125 | £120%
1450 405 1.20 828 B.28 828 0.28 1.02 | £120%
1750 40.1 1.37 823 8.23 823 0.31 080 | $120%
1500 40.0 1.40 7.95 7.95 7.95 0.30 0.80 | +120%
1950 40.0 1.40 7.66 7.86 7.66 0.38 080 | £120%
2300 395 1.67 7.51 7.51 7.51 0.37 080 | +120%
2450 3g.2 1.80 7.21 7.21 7.21 0.36 080 | £120%
2600 39.0 1.96 7.06 7.06 7.08 0.39 085 | £120%
3500 37.9 281 6.82 8.82 6.82 0.28 133 | 2131%
5200 36.0 4.66 5.26 5.26 5.26 0.30 180 | 2131%
5300 35.9 4.78 5.09 5.09 5.09 0.35 1.80 | #13.1%
5500 3586 4.96 4.86 4.86 4.86 0.40 180 | +131%
5600 355 5.07 459 459 4.59 0.40 180 | £13.1%
5800 353 527 468 488 4.68 0.40 180 | *+131%

‘memwuua:1wmwwummsvwawmm.umz) .honsmu.awsow:_m

uncanainty is he RSS of the CornwF uncertainty at calibeation & and the y for the tand. Fraquency valcty
beiow 300 MHZ t5 = 10, 25, 40, 80 and IOMsz'ComFamatw 64,928, ‘lSOmdﬂOWWy MSG&W
valdty can be exended to + 110 MMz

* A Trequencias below 3 GHz, the validity of fssue parametess (= and o) can ba refaned fo ¢ 10% F hiquid compensation formiula is appied 1o
mawedSARulun NWW:)GH: hwlﬂlydmmpum(:mv)smnm‘s&. The urcectanty & the RSS of
WNW o hvgﬂ

during that e L due (o the doundary effect ater compansation i
ahways less than £ i%ﬂWWBMﬂW:ZﬁWMmMMeﬂzmmﬁamwmwwmup
diameter from the boundary.
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HCT CO,LTD

FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

EX3DV4- SN 3868

June 18, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz) © p.?:.m' cmw ConvF X | ConvFY | ConvFZ ‘ngy_-“ mu ‘(Q?i
150 61.9 0.80 12,40 12.40 1240 | 000 1.00 | #133%
300 58.2 092 11.34 11.34 11.34 0.05 110 | +133%
450 56.7 0.94 10.86 10.86 10.86 0.12 120 | +133%
750 555 0.98 9.49 8.49 949 0.34 103 | +120%
a3s 55.2 0.97 9.55 9.55 9.55 0.50 080 | £120%
900 55.0 1.05 9:34 9.34 9.34 042 093 | £120%
1750 53.4 1.49 7.87 7.87 7.87 0.42 080 | £120%
1900 533 1.52 7.60 7.60 7.60 0.33 085 | £120%
2450 527 1.95 7.25 7.25 7.25 0.36 080 | *120%
2600 52.5 2.16 7.10 7.10 7.10 0.24 080 | +120%
5200 49.0 5.30 4.71 471 471 040 190 | £131%
5300 489 542 4.44 4.44 4.44 0.40 1.90 | £131%
5500 485 565 4.14 4.14 314 0.45 190 | £#13.1%
5600 485 577 3.93 3.93 3.93 0.45 190 | 2131%
5800 482 6.00 4,27 427 4.27 0.45 190 | 2134 %

crwmmmmadatmmmmmmvuuwm(mmz) ehe 1% restricted fo t 50 MHz. The
uncerininty is the RSS of the Comi uncenainty st cakomation freg
below 300 Mz s ¢ 10, 25, 40, wmwwumumaauu 128, mudmm'umm Above 5 GHz freguency

valicity can be extendad 10 £ 110 MHZ

y and the

the indicaied fraquency band. Froguancy validity

" At frequencies below 3 GHz, the valcity of lissue parameters (c-and o) can be relaxed %o = 105 if iquid compeasation formule is appkad to

measured SAR vaillos, At fraquencies above 3. GHZ. the vasidity of 1issus pavamaters (c 800 o) &5 restricied to £ 5% The uncertainty is the RSS of

mmmmmmwdwm

parametens,
© Alpha'Dopth are determined during calibration. SPEAG warrants that the remaining deviaton due o the b .
ahways less than & mhmmmaoﬂzww:mw«wmue&unmmwn"mmwmw
boundary

diametes from the

dary effect sffer

bon &
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LLTD
EX3DV4~ SN:3g68 June 18, 2015
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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@ {
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a !
i |
=
S =
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g E
b k2

06

35.',.41A‘...‘.‘1,7., L1 L

0 500 1000 1500 2000 25 3000
f [MHz]
= o
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LTD

EX3DV4- SN 3968 June 18, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz R22
£ Yo P - A c Tae
- - e ° ° L .
Tot x Y Tot x Y L

&
hoJ .
g 10 oo ettty L5 o S SRR - E :, ’—-‘.4_*.1,‘_.4,‘.‘*. ! B8 8y oo
5 {
=k
P A i U TN T TN —— TS - ———————— S - —
0 10 0 100 S
Rok [
B : o
! '\T'Ul—' -::cF?j:; '?;’ﬁ’ﬁl—‘: 2500 Mz
Uncartainty of Axial Isotropy Assessment: * 0.5% (k=2)
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LTD

EX3DV4- SN:3968

June 18, 2015

Dynamic Range f(SARpeaq)
(TEM cell | form= 1900 MHZ)
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1
5 0 i S0 S, B S oot ettt 4 et
i
2 —_——— : . 411 HE
10 1 1‘.34 109 10" 102 107
SAR [mW/cm3]
2 )
rot compensaied compensated
Uncertainty of Linearity Assessment: t 0.6% (k=2)
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HCT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCT CO,LTD

EX3DV4- SN3968 June 13, 2015

Conversion Factor Assessment

{ = 835 MHz, WGLS RS (H_convF) { = 1900 MHz WGLS R22 (H_comf)

o0

& T me 1 T
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

10 -08 05 04 ©2 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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HCT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCT CO,LTD

EX30V4- SN:3968 June 18, 2015

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

Other Probe Parameters
Sensor Arrangement Triangular
‘Conneclor Angle (7). S = w EGER
Mechanical Surface Detection Mode snabled
“Oplicai Surface Detection Mode |7 disabled
| Probe Overall Length = B 337 mm
Probe Body Diameter o e 10 mm |
Tiptength ' 3mm |
Tip Dameter a 2.5mm
[Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y. Calibration Point Tmm |
Probe Tip to Sensor Z Calioration Point = 1mm
| Recommended Measurement Distance from Surface 1 T4mm |
Certificate No; EX3-3968_Jun15 Page 11of 11
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FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

HCT CO,LTD
Calibration Laboratory of A ek, . P _—
Schmid & Partner = “ g m‘mtz::um
Engineering AG g 3 g Servisio sviszeo di taratura
Zeughausstrasse 43, 8004 Zurich, Switzariand ‘:@ \‘J Swiss Callbration Servies
Aecradited by tie Swiss Accredtatian Sarice (SAS)

Thu Swiss Accreditation Secvice is onw of the signatories to the EA
Multitateral Agreement far the recognition of calibration cerntificates

The and the

Thes caltrntion corficate gocuments the taceabiity to natonal slandardy, whch realze the phy

Al caltratons have been conduciad n the ciosed &

Accreditation No.: SCS 0108

Catbration Equipment wsed (MATE critical for calibeation)

y tacsity:

unes of (B
with cunfidence protiabilty ate given on the foliowing pages and sre part of he cenificate.

ature (22 =+ 3)°C snd humidity < 70%,

d eocegt in full without wiitten soprovall of the laboratory.

Standants ) Cal Datn (Cortficate Na ) Scheduled Calbraton
Power mute: EA4158 GBATZ93874 Qt-Apr-15 (No. 217-02128) Mar.10
Power sensar E4412A MY4 1408087 U1-Apr18 (No 217-02128) Mar 16
Refarence 3 0B Allencaror SN. 55064 (3c) 01-Apr-15 (No. 237-02120) Mar-18
Ruterenca 20 t8 Attenuatoe BN 55277 (20x) 01-Apr16 (No 217-02132) Mar-18
Reference 30 ¢5 Aneouatoe SN. 55129 {30b) O1-Apr-15 (No. 217-02133) Mar-10
Rutwrence Probw ES30V2 SN 3013 30-Dec- 14 (Na. E53.3013_Dec14) Dec-18
DAE4 SN 560 14-Jan- 15 (N DAE4-880_Jan18) Jan-16
Secoadary Standants D Chack Date (i house) Scheduied Check
| RF genarater HP B645C US3642001700 4-Aup98 (In house check Apr-13) in house check: Ape-18 '
Network Analyzer HP 7536 | USITI00585 18-0¢141 (in houso check Gct-15) In house check: Oci-18
Functon
Caltrated by alory
Aporoved by

Certificate No! EX3-3797_Nov1s
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LLTD
Calibration Laboratory of AN,
5 AN s Seh rischer Kalibriaedi
Schmid & Partner NN g Service sulsse d'stalonnage
Engineering AG % v A g Servirio svizaero di taratura
Zaughausstrasse 43, 1004 Zurich, Switzeriand ,@‘ — Swiss Calibration Service
Accredied by the Smss Accrediation Serace (SAS] Accreditation No.: SCS 0108
The Swiss Accroditation Servica is ons of the signatories to the EA
Multilateral Agreement for the recognition of calibration centificates
Glossary:
TSL tissue simulating liquid
NORMx.y,z sensitivity in free space
ConvF sensitivity in TSL / NORM: yz
pce diode
CF crest factor (1/duty. cycie) of the RF signal
A B.C.D modulation dependent linearization parameters
Polarization p @ rotation around probe axis
Polarization 5 8§ rotation around an axis that is in the plane normal to probe axis (at measuremant centar),
Le, 8 =0 i normal to probe axis
Connector Angle Information used in DASY system to align probe sensor X to the robot coordinate syatom

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, "Procedure to measura 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 Absarption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 8 GHz)", March 2010

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

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

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

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

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

o Axyz Bx.y.z Cxy.z Dxyz VRxyz A B, C, D are numencal ingarization 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.

e 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 distnbutions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncenainty values are given These pammeters are
used in DASY4 software to improve probe accuracy close to the boundary. The sansitivity 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 higher which allows extending the validity from + 50 MHz to + 100
MHz

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

* Sensor Offset: The sensor offset coresponds 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
uncerainty required)
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCOLLTD
EX30V4 - SN.3797 Novamber 24, 2015
Manufactured:  April 5, 2011
Calibrated: November 24, 2015
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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HCT CO,LTD

FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

EX30Va- SN3787

November 24, 2015

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

""""" Sensor X Sonsor Y Sensor Z Unc (k=2}
| Norm (uVi(Vim)')" 0.62 0.58 0.56 +10.1 %
DCP (mV)” 9.5 97.0 98.4
Modulation Calibration Parameters
uio c ication System Name A 8 c (4] VR Unc"
o8 d8vuv a8 mV (k=2)
0 CW | x| oo 0.0 10_| 000 | 1775 | 25%
Y| oo 0.0 10 1768 |
| 2 0.0 0.0 1.0 Jlms | |

muitipl

probability of approximately 95%.

The ref:oned uncertainly of measurement is stated as the standard uncertainty of measurement
ed by the coverage factor k=2, which for a normal distribution corresponds 1o a coverage

* The uncertardies of Norm XY, Z do not affect the E*fisld uncertarty insice TSL (see Pages 5 and 8)

" Numerics! Inearnzation parsmater: uncenainty not tequined,

T Uncanaly 15 determindd using e max, dovaalion from neer responss apeiying rectangular Gsinbuton and & expressed for ihe sguam of the

fald viviomw
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HCTCO,LLTD

FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

EX3DV4- SN3797

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

Calibration Parameter Determined in Head Tissue Simulating Media

November 24, 2015

f (MHz) © m' mm ConvE X | ConvFY | ComvF2 Agg-_‘_mr (uk-n:)
750 419 0.89 9.38 938 9.38 0.32 0.96 +12.0%
835 415 0.80 B.98 B.98 8.98 0.16 178 | $120%
900 415 097 8.66 B.86 888 0.21 153 | £120%
1450 405 1.20 7.73 7.73 7.73 0.15 177 | £120%
1750 40,1 137 7.85 7.85 7.85 035 | 080 | £120%
1900 400 1.40 7.61 7 61 7.61 0.34 080 | £120%
1950 40.0 1.40 7.32 7.32 7.32 0.39 083 | 2120%
2300 385 167 1.21 r.27 7.27 0.39 085 | £120%
2450 | 392 1.80 .90 6.90 6.90 0.40 080 | =£120%
2600 38.0 1.96 6.68 6.68 6.68 048 0.80 =120 %
3500 378 2.9 8.61 6.61 6.61 0.39 089 | 2131%
5200 36.0 4.66 4.80 4.80 4.80 0.40 180 | 2131%
5300 35.9 4.76 459 459 4.50 0.40 180 | 2131%
5500 356 4.96 452 4,52 452 0.45 180 | 2131 %
56800 355 5.07 421 421 421 0.50 180 | #13.1%
5800 353 521 4.20 4.20 420 0.50 180 | £+131%

y And the u

ncy band.

ﬁmtym.mmwuds!WMWWUWVN‘NW(M.F*?)wl.mb:wmm
uncertanty is the RSS of the Comd uncerntainty # cal y for the Frequency validity
balow 300 MHz s ¢ 10, 25 40, so-;arow:mwm::ao 64 126, 1snm2mm:mm-0y m-ssmm
valcity can be exended 10 £ 110 Mz

" At roquencies bulow 3 GHz. the vaildity of lissue parametens (¢ and o) can be relasd 19 + 10% If Sgud compensation fommus & applied to

measured SAR vames. Al froquencies above 3 GHz, the validity of tssue parnmeters (e and o} la resincied 1o £ 5%. The uncertainty @ tha RSS of

mw uncentainty for nnkm-dumdluuurm

" Alp

diameter from the boundery

SPEAG watronts that the remaining davistion Gus 10 the boundary sffect sfter o

ha/Degth ane d
ahways less than ¢ mhmmmm-mw:uummucmmmm:uuwmmmmm
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LLTD

EX30V4- SN3797 Novemnber 24, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Z Relative | Conductivity .| Depth™ Unc

1(MH® | Permittivity (8im) ConvF X | ConvFY | ConvFZ | Alpha® |  (mm) (k=2)
750 555 0.98 9,39 9.39 939 | 020 | 116 | £120%
835 55.2 097 9.17 9.17 917 | 032 | 1080 | £120%
1750 53.4 1.49 752 752 | 752 | 042 | o080 | s120%
1900 533 152 | 73 732 | 732 | 031 | o097 | s120%
2450 527 195 | 891 B.91 691 | 034 | 085 | £120%
2600 525 216 | 6785 675 675 | 018 | 090 | s120%
5200 49.0 5.0 424 4.24 424 | 050 | 190 | £131%
5300 489 542 4.07 407 a07 | 050 | 180 | s131%
5500 | 486 585 380 3.80 380 | 055 | 190 | s131%
5600 485 577 3.54 3.54 354 | 060 | 190 | 2131%
5800 482 6,00 384 384 384 | 060 | 190 | s131%

’rmmmmmmuu-mmumnunmmsvwdmnqns(mmz;mumumu: 50 MHZ. Tha
uncstakity s the RSS of me Conyf™ uncetanty st caliboation feg y et the y for the = y band. Frequency validity
mmm::tozswmwmumtuwnﬁmmmmum 150wmmnmm Ah:m.':Cﬂnm:.ncy
m‘\d«yunbiomﬂmdrot‘low

M Trequencies befow 3 GHz. the vallity of tssus paramaiers (= and o) can be relaxed 1o 2 10% I bgued compensaton fomiuda is appsed 1o
measured SAR values. At froquencies sbove 3 Ghiz, the validty of tissun parsmeten (c and o) @ restrcted (0 £ 5%. The uncentainty & the RSS of
membmmmmm

" Npha/Deps are during cakb \ SPEAG that (e ree g Ouevialion dus 10 the boundery sflect after compansation
mmnunm'mvornmmww:muwmzzsmmmuwnmymtmmmmmw
Sametar fiom the boundary
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HCTCO,LTD

FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

EX3DV4- SN 3797

Frequency response (normalized

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

November 24, 20156

0 500 1000 1500 2000 2500
t [MHz]

Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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CT FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3
HCT COLLTD

EXinva 179 November 24, 2015
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
. . . . . .
T Y Tt Y
)
5 e o = i L S B R R o = e
1! - : i
Rok {1
k3 ) = 1

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCOLLTD
EX3DV4- SN3T97 November 24, 2015
Dynamic Range f(SARcad)
(TEM cell , fouu= 1900 MHz)
107 4
f »
L
p .
10°= Tl
” ¥
L
g .
2
4 10 r
[ {
c »
[+ 3
75 i
3
= 10 p {
i # 3
[ ¥ |
» 1 5
107 |
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’ |
B
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SAR [mW/em3
not compensatsd compensated
1
'g" ettt lig e ok ouipigdm
u'n
‘1"_" 103 10 1= t 2 10
SAR [mW/em3)
*| £
Ot COMPEnsMInd cCoOmpansatea
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Cerlificale No: EX3-3797 _Novis Page 9 of 11

F-TP22-03 (Rev.00) 165 /242 HCT CO., LTD



CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCT CO,LTD

EX30V4- SN.3797 November 24, 2015

Conversion Factor Assessment

= 835 MHz WGLS RS (H_comfF) = 1900 MHz WGLS R22 (H_convF)

" .
o

3%y !

T 2

: \l at :
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saaa W v il

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

10 08 08 04 02 00 02 04 08 08 10
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCT CO,LTD

EXIDV4- SN3797 Novernber 24, 2015

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

Other Probe Parameters

| Sensor Arrangement Triangutar

| Connector Angle ('b) = o 1 875

| Mechanical Surface Detection Mode enabled |

Lo;Tm:.T Surface Detection Mode disabled |

:' Probe Cverall Length 337 mm

[ Probe Body Diameter 10 mm |

| Tip Length Gmm |

“ Tip Diameter 2.5mm

[Probe Tip o Sensor X Calibration Point 1 mm
Probe Tip o Sensor Y Calbration Pomt 1 mm

. Probe Tip to Sensor Z Calibration Point 1 mm

:l Recommended Measurament Distance from Surface 1.4 mm

Cartificate No: EX3-3787 _Novis Page 110l 11
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FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCOLLTD
Calibration Laboratory of S, Sibiiitior abruidatat
Schmid & Partner = Sorvice sulsse dotalonnage
Engineering AG 5 : Servizio svizzero di taratura
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Mustilateral Agreemont for the recognition of calibration certificates

This calrabion cerficats documents the iraceabilty 10 national standards, which reakze the piy units of me ts 1S4
mwmnmmmmmmmn-Muwwmmumm

All caltwatons have Deon conducted n the doasd laboratory facity: eovironment ternperataré {22 = 31°C and hamidiy < 70%.

Calbraton Equipment used (MATE crtical for cahbration)

Primary Standards 1% Cal Date {Cersficate No.) S dexd Calbeation
Power metor 44198 GH541293874 Q1-Apr-15 {No. 247.02128) Mar-16

Power sansor EA412A MY41466087 01-Apr-15 (No. 217.02128) Mar-16

Refarance 3 08 Atterusior SN 55054 (3c) O1-Apt-15 (No. 2'!7—!21@ Mar-18
Retarance 20 68 Afterwstor | SN: 85277 (20w) 01-Apr-18 (No. 247.021321 Mar-16

Redarence 30 08 Atteouator SN 55129 (308) 01.Ape-15 (No. 247.02133} Mar-16

Referance Probe ES30VZ SN: 3013 40-Dac-14 {No. ES1.3013_Decid) Dec-15

DAE4 SN 680 14-Jan 15 (No. DAE4-660_lan15) Jan-16

Secondary Stancans 2] Check Date (in house) Scheduled Check

RF gerseator HP 86450 usm_gw«m A-Aug-89 [in house check Apr-13) In houss chock: Apr-15
Network Analyzer HP 8753 | US3739068% 18001 {in house chieck Oet-14) In houss check: Oct-15
Cativrated oy

Approved by

This catbeation conficale shall not be reproduced excant i ful without wisen appeoval of the laboratory.
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Calibration Laboratory of S  Schweizeriacher Kaibrierdianst
Engineering AG Servizio svizzero di taratura

Zeughousstrasse 43, 8004 2urich, Switzertand S Swiss Calibration Service

Accredited by the Swiss Accraddaton Servico {SAS) Accroditation No.: SCS 0108

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

Muttitateral Agreomant for the recognition of cailbration cortificates

Glossary:

TSL tissue simulating liquid

NORMx,y,2 sensitivity In fres space

ConvF sensitivity in TSL / NORMx.y.2

DeP dinda compression point

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

ABCD modulation depandent finearization parameters

Polarization » ¢ rotation around probe axis

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

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:

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

«  NORM{)x.y.z = NORMx.y.z * frequency. responise (see Frequency Respanse Chart), This Enearization is
implemented in DASY4 software versions fater than 4.2. The uncerlainty of the frequency response is included
in the stated uncertainty of Convi.

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

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

o Axy.z Bry.z Cxyz Dry.z; VRxy.z A B, C. D are numerical linearization parameters assessed based on
the data of power sweep for specific moduiation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode,

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

o Sphencal isotropy {3D deviation from isotropy): in a feld of fow gradients realized using s flat phantom
exposed by & patch antenna.

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

« Connactor Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Basic Calibration Parameters

Sensor X Sensor Y | Sensor £ Unc (k=2) |
Norm (uV/(Vim)*)" 1.49 1:91 1.61 2101 %
OCP (mV)" 100.4 99.7 | 100.3
Modulation Calibration Parameters
[oiD” ] Communication System Name T I a 8 | C D | VR | Unc
| | dB8 | dByv | d8 mv (k=2)
C [ cw [x] o0 0.0 10_| 000 | 1895 | 230% |
| 'Y () L L 0.0 1.0 | 1942
| | 2 0.0 0.0 1.0 | 1777

The reported 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
prabability of approximately 95%.

* The uncanainties of NormX,Y .2 do not attect the E*figild urcatanty inside T5L (soe Pages 5 and §)
"N 1 '] uncertainty nol requined,

* ncertainty & uaeomherd— using the max, deviation from lineas resporme applying rectanguiar dstnbution and & expreszed for the scuare of e
taid value
Ceartificate No: ET3-1605_Apr15 Page 4 of 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth* Unct.
F{MHZ)® | Permittivity” (Stm)” ConvF X | ConvFY | ConvFZ |Alpha® | (mm) | (k=2)
750 419 0.89 6.64 6,64 584 0.26 300 | $120%
B35 415 0.90 6.33 6.33 833 | 028 | 300 | 2120% |
900 415 | 0g7 6.14 .14 8.14 0.31 3.00 | +120%
1450 405 [ 120 537 5.37 5.37 0.45 264 | +120%
1750 401 1.37 5.20 520 | 520 0.73 215 | $120%
1900 40.0 140 | 501 501 | 501 0.80 212 | £120%
1950 40.0 140 | 484 4.94 4.94 0.80 205 | £120%
2300 395 1.87 a7 477 4.77 0.80 188 | £120%
2450 392 1.80 457 4.57 457 0.85 175 | £12.0%

‘rywvmmmmzdx1mmzo~ym«wwwummmcpmn else 1 in restricted to £ 50 Mz, The
uncartainty is the RSS of the Conv uncardasrty al calibration fro y and tha y %o the indcated frequency band, Frequency valoty
bedow 300 Mz s = 10, 25, 49, 50 ard 70 MHZ for Convé® assessmonts 31 30, 84, 128, 150m220mruomy Above 5 GHZ Trequency
W'dkyconb!mloxﬂow
A\fraqmcmbdw:\@u the validty of issue parameters (& and o) can be relaxed o & 10% # lqua Y formws © o
measured SAR values. A froquencies above 3 Gz, 1hvmvdimnmm(zem1r>-srnmoow:6% Thnumm-mksad
mwwh-mmxmm

are determined during caitvation. SPEAG wamants 1hat the remaining deviation due to the boundary effect after compensation is
ahways less than £ 15 foe Irequencies helow 3 GHz and helow & 2% for frequencies betwien 34 Gz at any distance targer than hall tha pobs tip
dameter trom the boundary.
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity [ Depth © Unct.

f{MHz) | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ ‘ Alpha® | (mm) (k=2)
750 55.5 0.96 6.21 6.21 8.21 0.30 2.7 +12.0%
835 65.2 097 811 6.11 .11 030 | 38.00 £120%
1750 534 1.49 4.6 4.66 4,68 0.80 262 +120%
{1900 53.3 1.52 454 4.54 4,54 0.80 232 +120%
2450 52.7 1.95 4.18 4.18 4,18 0.79 1.80 £120%

‘F'equeﬂcy\-atnynbowwomud:1oomzocwaool-eslo«DA$vMA;namgner(ml‘nge?r.m«srmmw:smvux The
uncertainty 15 the RS3 of the Convi® unsetainty at caibration: frequency and the uncestainty for the indicatad frequenty band, Frequency vaidity
below 300 MHz is ¢ 10. 25, 40, 50 andt 70 Mz for ConvF assessments at 30, 64, 125, 150 and 220 MKz respociively. Above 5 GHz regusacy
validity can e axsenced 10 = 110 MHz

¥ A1 fraquancies below 3 Gz, he validity of 53300 paramaters (r and ) can be relixed 16 2 103 It liquid compensation formuls is sppted 10
measuted SAR values. At frequencies above 3 GHz. the validty of ssus parametars (L and o) is reatricled o ¢ 5%, Tha uncenanty is the 7SS of
the Com uncerininty for indicated target issue parametars.

* Alpha/Degth are doloeminad during caltration, SPEAG warrants that the remamnng devialion due 10 the boundary effect after compensation i
ahweys 055 than + 1% fir Frequencies bakow 3 GHz and batow £ 2% for fregueancies betwesn 3-6 GHz at any dstance larger than half the probe tp
damater from she bourdary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

Frequency response (normalized)
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Uncertainty of Frequency Response of E-fleld; £ 6.3% (k=2)
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Apal 27, 2015
Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM f=1800 MHz R22
e A . e o L]
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C | J _— _—_—j’:—_" A _}_l_—l_ ' - i 4 4
| .- 0 -
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARjeaq)
(TEM cell , fova= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ET3-1805_ApriS Page Sof 11

F-TP22-03 (Rev.00) 176 /242 HCT CO., LTD



=
HCT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LLTD
ET3DVE- SN 1605 April 27, 2015
Conversion Factor Assessment
f= 835 MHz WGLS R8 (H_convF) = 1800 MMz WGLS R22 (H_conv)
13- ‘bl
i b3S 2 o ' M
ot i !
004 S— K 0. OO OO oy
o 0 x » - *» ~ L] 1 w 5 2 x kS .
I TR 1) a ™ s
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
<10 08 05 04 02 00 02 oA 06 08 i1e
Uncertainty of Spherical Isotropy Assessment:  2.6% (k=2)
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1605

Other Probe Parameters

Sensor Arrangement “Tnangular |

Connector Angle () I &7
“Mechanical Surface Detaction Mode enabled
| Optical Surface Detaction Mode ' T | disabled
Probe Overall Length S —— 337 mm
“Probe Body Diameter - = = 10mm |
[Tip Length ; T q0mm |

Tip Drameser B8 mm
Probe Tip o Sensor X Calibration Point ‘ 27 mm |
{ Probe Tip to Sensor Y Cahbration Point o 27mm |
"Probe Tip to Sensor Z Calibration Poim 2.7 mm |

Recommendad Measurement Distance from Surface | = 4 mm
Certificate No: ET3-1605_ApriS Page 11 of 11
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Calibration Laboratory of ST, Schwelzerischer Kalibrierdienst
Schmid & Partner % ‘S: Service suiso d'étatonnage
Engineering AG e Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzeriand TN S Swiss Calibration Service

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

client  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D750V3-1014_Jul15

CALIBRATION CERTIFICATE
Ovject D750V3 - SN: 1014
Calitrution procedunis) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Cadbration date: July 23, 2015

This calibration corificate documants the traceabiiy to natanal standirts, which realize the phrysical units of maasuremants (S1)
Ths maasuremants and the uncedaintios with confidence probabiity ase given on the fdlowing pages and are part of ho cortificate.

Al cafibrations have been conducted In the closed laboraory tacility. eaviranment tempenstune (22 = 5)°C and humidty < T0%

Calibration Equipmont used (MATE critical for calibeition)

Primary Standicds 0w Cal Date {Certiticate No ) Scheduled Catbration

Power mater EPM-442A GBE3IT480704 07:0c1-14 (Na. 21702020 Oct-15

Powot sansor HP B4G1A USI7292763 07.0ct-14 (Na. 217-02020) Oct-15

Power sensor HP BAE1A MY41092317 07-0ct-14 (No. 217-02021) Oct-15

Raferonce 20 dS Attenusion | BN: 5058 (20%) 01-Apr 14 (No. 217-02131) Mar-16

Typa N mismatch comtsnation BN 5047 2/ 06327 01-Apr-15 (No. 217-02134) Mar 16

FReteronce Probe ESIOVI SN: 3205 30-Doo-14 (No. ES3-3205_Dactd) Dec-15

DAE4 SN 6 18-Aug- 14 (No. DAES-801_Augi4) Aug-15

Secondary Standards ) Chock Date (in house) Scheduled Chack

AF generator RS SMT-06 100005 02-Aug-98 (in house check Oct-13) In house checx; Oct-18

Natwork Analyzee H® G753E USITIN058S 54206 18-0ct-01 {in houss chack Dct-14) In housa check: Oct-15
Noma Functon T

Callbeaind by Michael Weabsr Lubuentory Techmician 7%-

Approved by Katin Pokovic Technical Managar

tusuwed: July 23, 2015

Thes cafibration cenificate shall not bo repeoduced excapt In full without written approval of the Wboratory

Cenificate No: D750V3-1014_Jul16 Page 1 ot 8

F-TP22-03 (Rev.00) 180 /242 HCT CO., LTD



=
CT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCT CO,LTD
Calibration Lamtory of :"“:&7"’-. S Schwelzorischer Kalibrierdienst
Schmid & Partner %’E G Service suisse détaionnage

Engineering AG = Servizio svizzero di tarstura

Zoughousstrasss 43, 8004 Zurich, Switzertand o ,'ﬁ‘\_a-‘ S  Swiss Calibration Service
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories to the EA
Multilsterat Ag for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

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

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

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

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

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation 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 ortented
paraliel to the body axis,

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

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

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

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

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

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

Cartificate No: DT50V3-1014_Jults Page 2 of 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vs288
Extrapolation Advanced Extrapoiation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Froquency 750 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Hoad TSL parameters 220°C 4138 0.89 mho/m
Measured Head TSL parameters (220202)"C 42548% 0.80 mho/m =6 %
Head TSL temperature change during test <05°C — dasa
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 2.05 Wikg
SAR for nominat Head TSL parameters normalized to 1W 8.15 W/kg = 17.0 % (k=2)
SAR sveraged over 10 cm?® (10 g) of Head TSL conditson
SAR measured 250 mW input power 1.34 Wikg
SAR for nominal Head TSL parameters nomalized to W 5.33 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220"C 555 0.96 mha/m
Measured Body TSL parameters 220:02)°C 55.126% 0,88 mho/m + 6 %
Body TSL tempearature change during test <05°C — e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 216 Wikg
SAR for nominal Body TSL parameters notmalized to 1W B8.49 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalized to 1W 5.60 W/kg = 16.5 % (k=2)

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

Impadance, transformed to feed point 5380Q+17Q

Ratum Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4910-130
Returmn Loss -36.0dB

General Antenna Parameters and Design

Elec(ncal Delay (one direction) —l 1.036 ns 4]

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

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

No excessive force must be applied 10 the dipole arms, because thay might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manulactured on March 22, 2010
Cenificate No: D750V3-1014_Julls Paged ol @
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DASYS Validation Report for Head TSL

Date: 14.07.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D7S0V3 - SN: 1014

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

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

Measurement Standard: DASY S (IEEE/IEC/ANS] C63.19-2011)

DASYS52 Configuration:
o  Probe: ES3DV3 - SN3205; ConvF(6,44, 6.44, 6.44); Calibrated: 30.12.2014;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« FElectronics: DAE4 Sn601; Calibrated: 18.08.2014
e Phantom: Flut Phantom 4.91L; Type: QDOXOP49AA; Senal: 1001

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

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

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

Peak SAR (extrapolated) = 3.05 Wikg

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

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

-2.00
-4.00
-6.00

-8.00

-10.00

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

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

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

Medium parameters used: f =750 MHz; a = 0.98 S/m; & = 55.1; p = 1000 kg/m’
Phuantom section: Flat Section

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

DASY 52 Configuration:
e  Probe: ES3DV3 - SN3205; ConvF(6.21, 6.21, 6.21); Calibrated: 30,12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Senal: 1001

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

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

Reference Value = 52,42 Vim: Power Drift = 0,01 dB

Peak SAR (extrapolated) = 3.15 Wikg

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

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

dB
0

-2.00
-4.00
-5.00

-10.00

0 dB = 2.51 Wikg = 4.00 dBW/kg

Certficate No: D750V3-1014_ s Paga 7ol 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'éalonnage
Engineering AG Sarvizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
Accrediied by the Siwiss Accreddation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Muttilateral Ags for the recognition of calibration certificates
ciient  HCT (Dymstec) Cartificate No: D835V2-4d165_Novi5
([CALIBRATION CERTIFICATE
|
| Coject DB35V2 - SN; 44165
Caltration procadure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Catbiration date November 24, 2015

This calibrtion conficats documants the aceability to national standurds, which reakze the physical units of measurements {SI).
The meas: and 1he o vins with confidence probabiity aro given on the fallowing pages and are part of the cantdicate

Al calibrations huve been corducied In the closed laboratcry facilily: emaonment tempariture (22 = 31°C and humidity < 70%

Caltraton Equipment used (MATE ontical for caliteation)

Primary Standards 10 # Cai Data (Carificate No.j Scheduled Calbration
Powar meter EPM-4424 GEBI7480704 07-0ct-15 (No. 217-02222} Oct-16

Powar sensor HP 84814 US37292783 07-Oct-15 (No. 217-02222) Coct-16

Powsr sansor HP 8401A MY41082317 07-Oct<18 (No. 217-02223) Qct-16

Aastaronce 20 9B Atenuator SN BOSH (20k) 01-Ape-15 (Mo 217-02131) Mar-18

Type-N mismatch combination SN: S047.2 /08327 01-Apr-15 {Na. 217-02134) Maz-16

Feterance Probe EXIDVY SN: 7346 30-Dec-14 (No. EX3-7348_Dec14) Dec-18

DAES SN 601 17-Aug 1S (No. DAEA-U01_Augts) Aug16

Secondary Standards Lo Check Date (in house) Schaduled Check

AF gunoeratoc AAS SMT-06 100972 15-50n-15 (In house chiack Jun-15) In house check: Jun-18
Natwark Analyzer HP 8783E USI7360586 54206  18-Oct-01 (in houne check Ocl-15) in house check: Oct-16

Name Function

Sinature
Calibrated by Michaat Waber Laboratory Techrucian IM
Approved by Katjs Pokovic Technicai Manager %%

lasued: November 24, 2015

This calibration certificate shall not be reprocuced except in full without wiittsn approvnd of the laboralory

Certificate No: DE35V2-4d165_Novi5 Page 10t8
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Calibration Laboratory of L8, Schwaizerischer Kalibrierdsenst

Schmid & Partner % g Saervice sulsse d'étalonnage
Engineering AG 0 Seevitio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzerland W S Swiss Calibration Service

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

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

Multilateral Agr for the recognition of calibeation certificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / NORM x,y,z

N/A not applicable or not measured

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

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

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

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

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

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

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

Additional Documentation:
8) DASY4/5 Systern 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 dipoie is mounted with the spacer to position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

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

Certificate No: DE3ISV2-4d185_Nov1b Page2cfd
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapotation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5 mm
Frequency B35 MHz = 1 MH2
Head TSL parameters
The foflowing parameters and caloulations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C “ns 0.90 mho/m
Measured Head TSL parameters (220x02)'C A26£8% 0.92 mho/m + 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cmy’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 2.29 Wikg
SAR for nomenal Hoad TSL parameters normalized to 1W 9.06 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.49 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 5.90 W/kg = 16,5 % (k=2)
Body TSL parameters
The following parameters and calculations wers applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20'C 55.2 0.7 mhovm
Measured Body TSL parameters 220=02)°C 556+6% 0,99 mho/m £ 6 %
Body TSL temperature change during test <05°C e -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2,40 Wikg
SAR lor nominal Body TSL parameters normalized to 1W 9.47 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 6.25 W/kg % 16,5 % (k=2)

Cenilicate No: DB35V2-44165_Nov1s
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed paint 5210-47 2
Retum Loss - 260d8B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4780-88j0Q
Aetumn Loss -227dB

General Antenna Parameters and Design

l Electrical Delay (one diraction) I 1440 ns ]

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

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

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

feedpoint may be damaged
Additional EUT Data
Manufacturad by SPEAG
Manutacturad on December 28, 2012
Certificate No: DB35V2-4d165_Nav15 Pago4ol8
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DASYS Validation Report for Head TSL

Date: 24.11.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D83SV2 - SN: 4d165

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

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

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

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

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

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

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

Peak SAR (extrupolated) = 3.40 W/kg

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

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

0dB =3.03 Wikg =48] dBW/kg

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

Date: 24.11.2015
Test Laborutory: SPEAG, Zurnich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 4d165

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

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

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

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

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

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

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

Pcak SAR (extrapolated) = 3.54 W/kg

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

Muximum value of SAR (measured) = 3.17 Wikg

..a

-mn

0dB =3.17 W/kg =5.01 dBW/kg

Centificate No: DB3SVZ2-4d165_Nov15 Page 7of 8
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Impedance Measurement Plot for Body TSL
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FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

Accredied by the Swiss Accretitation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibeation certificates

Clisnt HCT (Dymstec)

Certificate No: D1800V2-2d006_Jan16

Schwolzerischer Kafibrierdienst
Service suisse d etalonnage
Servizio svizzero di taratura

Swiss Calibration Service

Accreditation No: SCS 0108

CALIBRATION CERTIFICATE
Otiject D1800V2 - SN: 2d006
Calibeation prcedureds) QA CAL-05.v9
Callbration procedure for dipole validation kits above 700 MHz
Caliteation date.

January 22, 2016

This caliteation certificato docurnonts the traceabity 1o naflonal

Calibention Equipmant used (MATE cntical for calibration)

red, which realize the physical units of measuremants (54)
The measurements and the uncsertainties with confidence probabilty are given on the laliowing pages and aro part of the cerificate.

All caltirations have been conducted in the closed labormory Facility: amironment tomparature (22 = 3)°C and humidity < 70%.

This catibration certilicate shiall not bo reproduced except in Tull without wrillen aporoval of the laboratory

Primiary Standarss o Cal Date (Cortficate No.) Scheduled Catbration

Power metar EPM-2424 GB37480704 07-00t-15 (No. 217-02222) Oct-18

Power sensor HP 8481A US3iraea27as 070ct15 (No. 217-02222) Oct-16

Pawer sangor HP 8481A MYq1002317 07-00t-15 (No. 217-02223) Oct-18

Heferance 20 o Attaruator SN: 5058 (200) 01-Apr15 (No. 217-02131) Mar-16

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

Asterance Probe EX30V4 SN 7349 31-Dec-15 (No. EX3-7348_Dec1s) Dec-16

DAEY SN: 601 30-Dac-15 (No, DAEA-801_Dec18) Dec-18

Secondary Standards 1D w Check Date (in house) Scheduled Chack

AF ganorator RS SMT-06 100872 15-Jun-15 (in house chack Jun-15) In hause check: Jun 1§

Natwork Anahyzar HP 8753 US37390585 54206 18-0ct-01 {In house chack Oct-15) In house check: Oct-16
Name Function

Caibrated by Michaal Webet Lsboratory Technician Z? “é !

Approved by Kafia Pokavic Technical Marager

7l

issuna: January 25, 2016

Centificate No: D1800V2-2d006_Jan16
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HCT CO,LTD
Calibration Laboratory of S, G Schweizerischer Kalibrierdionst
Schmid & Partner % Service sulsse d'étalonnage
Engineering AG N C sarvitio svizsero & taraturn
Zeughsusstrasse 43, 8004 Zurich, Switzerland £ ,ﬁ\y} S  Swiss Calibration Service
R B B
Accrediled by the Swiss Accreditation Senice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatocies 1o the EA
Multilatersl 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) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

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

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Cartificate No: D1800V2-2d006_Jan18 Page 20l 8
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Measurement Conditions
DASY system configuration, as lar as not given on page 1.
DASY Version DASYS vs2s88
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantomn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz & 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters {2204£02)"C 401 £6% 1.39 mho/m £ 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.57 Wikg
SAR for nominal Head TSL parameters normahzed to TW 38.5 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.03 Wikg
SAR for nominat Head TSL parameters nomalized to TW 20.2 Wikg £ 16,5 % (k=2)
Body TSL parameters
The following paramelers and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters {220+02)°C 537x6% 1.52 mho/m =2 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 Condition
SAR measured 250 mW input power 8.57 Wig
SAR for nominal Body TSL parameters normalized to 1W 38.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measurad 250 mW input power 5.05 Wikg
SAR for nominal Body TSL parameters normalized 10 TW 20.2 Wikg = 16.5 % (k=2)

Centiticate No; D1800V2-2d006_Jan16
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Report No: HCT-A-1603-F002-3

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed paint 4650-68Q
Hetumn Loss -22.14d8B
Antenna Parameters with Body TSL
Impedancs, transformed 1o leed point “rTQ-62lQ
Return Loss -213d8
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.208 ns

After long term use with 100W radiated power, only 8 slight warming of the dipolo near the feedpoint can be measured

The dipole is made ol standard semirigid coaxial cable. The centar conductor of the feeding line is directly connectad 1o the
second arm of the dipole. The antenna is theralore short-circuited for DC-signals. On some ol the dipoles, small end caps
are added 1o the dipole arms in order 1o improve matching when foaded according to the position as explained in the
*Measurament Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length |s still

according to the Standard

No axcassive force must be applied to the dipole arms, becauss they might bend or the soldared connections near the

feedpoint may be damaged.

Additional EUT Data

Manutfactured by

SPEAG

Manufactured on

July 23, 2001

Cartificate No: D1800V2-2d006_Jan16
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DASYS Validation Report for Head TSL

Date: 22.01.2016
l'est Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DIS0O0V2 - SN: 2d006

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

Medium parameters used: { = 1800 MHz; a = 1,39 S/m; & = 40.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26); Calibrated: 31,12.2015;
« Sensor-Surface! 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.12.2015
e Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA. Senal: 1001

o DASYS52 52.8.8(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=Smm, dy=5mm, dz=5mm

Reference Value = 106.1 V/m: Power Drift = 0.04 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.57 W/kg; SAR(10 g) = 5.03 W/kg

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

-3.60
-71.20
-10.80

14.40

0dB =145 Whkg=11.61 dBW/kg
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DASYS5 Validation Report for Body TSL

Date: 22.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1800V2; Serial: DISOOV2 - SN: 2d006

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

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

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

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

« DASYS25288(1258): SEMCAD X 14.6.1((7372)

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

Reference Value = 102.4 Vim; Power Drift = 0.01 dB

Peak SAR (extrupolated) = 16.8 Wikg

SAR(I g) =9.57 W/kg: SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14,4 Wikg

-3.60
-7.20
-10.80

14,40

0dB = 14.4 W/kg = 11.58 dBW/kg
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FCC ID:ZNFH850

Report No: HCT-A-1603-F002-3

HCT COLLTD
Calibration Laboratory of ;.e‘f’\":/\d_')’}'y.; S Schweizerischer Kalibrierdienst
Schm'_d & Partner % c Sarvice sulsse d'étalonnage
Engineering AG T Servizio sviezero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand %, ,‘"r'\\\‘\\.v} S Swiss Calibration Service

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

Certificsts No: D1900V2-5d032_May15

Accreditstion No.: SCS 0108

Calivration Equipment used (MATE critical for calibration)

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

The measisenents and the uncenintios with confidence probatility are given on the Inllowing pages and an par of e comficala

Al calibrations have been conductad in the closed laboratory ftacilty; environment temperatioe (22 = 35°C wnd humidity < 70%

Primary Standards lio# Cal Date iCorificuss No ) Schoduled Calbration

Pawer metar EPM-442A | GB37480704 07-Oct-14 (No. 217-02020) oa15

Pawer sansor HP B481A US37292783 07-Oct-14 (No, 217-02020) Cct15

Power semsar HP 8481A MY41082317 07-0Oct-14 (No, 217-02021) [+ 5B L7

Aoforence 20 dB Attanuator SN: 5058 (20k) 01-Ap-15 (No. 217-02131) Mar-16

Type-N mismatch combnabon SN. 50472/ 06227 01-Ape-15 (Na. 217-02134) Mar16

Refarance Proba ESSOV3 | SN: 3206 30-Dec-14 (No. E53-3206 Dac14) Doc-15

DAE4 | s 0t 18-Aug-14 (No. DAE4-601_Augt4) Aug1%

Secondary Standisrds iDs Check Date (in house) Scheduled Check

AF gensrator RAS SMT-00 160005 D4-ALg-98 (in house check Oct-13) I house eheck: Oct-18

Notwork Anatyzer HP 8753 \USITIN0505 84206 18-Oct-01 (in houss check Oct-14) in house eheck: Oct-15
Name Function Signaturo

i s S g

Approved by Katye PoKovie Techical Manager

P

Issusd: May 20, 2015

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

Certificate No; D1900V2-5d032_May15
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Calibration Laboratory of S Schweizerischer Kallbrierdienst

Schmid & Partner e Sarvice sulsse d'étalonnage
Engineering AG o Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland %, ‘,'{/'\\w\f Swiss Calibration Service

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

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

Muttitateral Agr for the gnition of callbeation cortificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

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

Certificats No: D1900V2-50032_May15 Page20f 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1,
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution ox, dy, dz =5mm
Froquency 1900 MHz = 1 MHz
Head TSL parameters
The following parameters and cakulations were applied.
Tempersture Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220202)"C 3BO=26% 1.37 mho/m 2 6 %
Head TSL temperature change during test <05°C - —eee
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 10.2 Wiy
SAR for nominal Head TSL parameters normakized 1o 1W 41.1 Wkg £ 17.0 % (k=2)
SAR averaged over 10 ¢cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 5.33 Wikg
SAR for nominal Head TSL parametars normalized to 1W 21.4 Wikg = 16.5 % (ks2)

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

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

impedance, transformed to feed point 513Q+520
Retum Loss -2550d8

Antenna Parameters with Body TSL

Impadance, transformed to feed point 474043550
Ratum Loss -242dB

General Antenna Parameters and Design

[ Etoctrical Detay (one direction) | 1.195 ns |

After long term use with 100W radiated power. only a siight warming of the dipote near the fesdpoint can ba measured,

The dipole is made af standard semirigid coaxial cable. The center conductor of the feeding line &5 directly connacted to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipotes, small end caps
are added 1o the dipole arms in order to improve matching when loaded according to the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according to the Standard

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

feedpoint may be damaged
Additional EUT Data
Manutactured by SPEAG
Manulaciured on March 17, 2003
Cortificate No: D1800V2-5:4032_May15 Pagodofd
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DASY5 Validation Report for Head TSL

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

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

Medium parumeters used: f = 1900 MHz: a = 1.37 S/m: &= 38.9; p = 1000 kg/m'’
Phantom section: Flat Section

Measurement Standard: DASY3 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration
« Probe: ES3IDV3 - SN3203; ConvF(3. 5. 5); Calibrated: 30.12.2014;
» Sensor-Surface: 3Imm (Mechanical Surface Detection)
» Electronics: DAES Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 100]

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

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

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

Peak SAR (extrapolated) = 18.6 W/kg

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

Maximum value of SAR (measored) = 12.7 W/kg

a8
0

-3.60
-1.20
-10.80
-14.40

-18.00

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

Certificate No: D1900V2-54032_May15 Page50f 8
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 20,05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2: Serial: DI900V2 - SN: 5d032

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

Medium parameters used: f= 1900 MHz; o = 151 Sim; g, =527, p = 1000 kg/m‘
Phantom section; Flat Section

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

DASY352 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(4.65, 4.65, 4,65); Calibruted: 30.12.2014;
e Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics; DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002

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

SAR(1 g) = 10.2 W/kg: SAR(10 g) =541 W/kg
Maximum value of SAR (measured) = 12,8 W/kg

-3.80
-7.60
-11.40

-15.20

0dB = 12.8 Wkg= 1107 dBW/kg

Cadtificate No: D1900V2-50032 May15 Page 7 of 8
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HCT COLLTD
Calibration Laboratory of A Schwelzerischer Kalibrierdienst
Schmid & Partner % S Service sulsse d'étalannage
Engineering AG = C' Servisio svizzero di taraturs
Zeughaussirasse 43, 8004 Zurich, Switrerland SN S Swiss Calibration Service

Accrodited by the Swiss Accreditation Seqvice (5AS)
The Swiss Accreditation Service is one of the signatorios to the EA
Multilatoral Agr for the gnition of calibration certificates

client  HCT (Dymstec)
CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: D2450V2-743_May15

Ovject D2450V2 - SN: 743

Calibeation rocacis(s) QA CAL-05.v9

Calibration procedura for dipole validation kits above 700 MHz

Caibration date:

May 19, 2015

This callbration cedificals documents the trmceablity 10 national standaros, which reaiize the physical units of measurements (SI).
The measurements and the uncertainlies with confidence probebiity are given on the fokowing pages and are past of the cortlicate

All calibrations have basn conducted in the clused tsbomatary faclity: emviconment temperature (22 « 31°C and humidity < 70%

Caltratian Equipement used (MATE critical for caibration)

This calibeation cerdificate shall not be reproduced excegt In Tull witheut witten aporoval of the laboratory

Primary Standards 10 # Cal Date (Cartificats Na. ) dod Calirution

Paowar meter EPM-242A GBA74807T04 07-0ct-14 (No, 237.02020) Oct-15

Pawer sensor HP 84814 USI7202783 07-00t-14 (No. 217-02(020) Oct-15

Powur sansor HP B481A MY410e2317 07-Oct-14 (No. 21702021) Oct-15

Aeteence 20 dB Attenuator SN: 5058 20%) 01-Apr15 (No. 217-021351) Mar-18

Type-N mismaich combination SN: 50472/ 06327 01-Apr-15 (No. 217-02134) Mar-18

Refterence Proboe ES30VI SN 3208 30-Dec-14 (No. ES3-3205_Deci4) Dec-15

DAE4 SN e 18-Aug-14 {No, DAE4-G01_Augt4) Aug-15

Secondary Standards o Cheaok Dase (in houne) Scheduied Check

AF gooorator RES SMT-06 100005 04-Aug-88 (in house chack Oct-13) Ih house theck: Oct-18

Netwuck Anatyzer HP B753E UIS37390585 S4206 18-0ct-01 (in house chack Oct-14) In house check: Oct-15

Name Function Sign

Calibrated by Michas! Webee Laboratory Tachnicinn, i&_
. -

Approved by Katjs Pokovie Techaical Manager

ez

Issued: May X0, 2015

Cartfficate No: D2450V2-743_May15
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Calibration Laboratory of K, §  Schweizerischer Kaiibrierdienst
Schmid & Partner % G Service suisse détaionnage
Engineering AG f_/\‘r Servizio ovizrero di taratura
Zeughausstrasee 43, 8004 Zurich, Switzerland ‘«4,,"4'\\‘.\,.\? S Swiss Calibration Service
Accradited by the Swiss Accreditation Socvice (SAS) Accrediation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilsteral 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, "Pracedure to measure the Specific Absorption Rate (SAR) for hand-heid
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

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

Certificate No: D2450V2-743_May15 Page20f8
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS 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 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 352 1.80 mho/m
Measured Head TSL parameters (220=02)°C 37926% 1.84 mho/m +6 %
Head TSL temperature change during test <05°C — e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measurad 250 mW input power 13.6 Wikg
SAR for nominal Head TSL parametars normalized 1o 1W 53.4 Wikg = 17.0 % (k=2)
SAR averagoed over 10 cm? (10 g) of Head TSL condition
SAR measured 250 mW input power 6.32 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

25.0 Wikg = 16.5 % (k=2)

Body TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.95 mho/m
Measured Body TSL parameters (220202)"'C 507 6% 203mho/m=6 %
Body TSL temperature change during test <05°C - ——
SAR result with Body TSL
SAR averaged over 1 ecm” (1 g) of Body TSL Condition
SAR measurad 250 mW input power 13.4 Whg
SAR for nominal Body TSL paramaters normalized to 1W 5§2.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAH measured 250 mW input power 6.20 Whg
SAR for nomingl Body TSL parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-743_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420Q+440
Retum Loss -246dB

Antenna Parameters with Body TSL

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

General Antenna Parameters and Design

| Esectrical Delay (one diraction) | 1.160 ns

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

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

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

Additional EUT Data

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

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

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

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

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

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

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

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

Reference Value = 1014 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.0 W/kg

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

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

a8

-4.80
-9.60
-14.40
-19.20
24,00

0 dB = 17.7 Wikg = 1248 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

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

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

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

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

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

e DASY5252.8.8(1222); SEMCAD X 14.6.10(7331)

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

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

Peak SAR (extrupolated) = 27.9 Wikg

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

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

dB8

-4.80
-9.60
-14.40
-19.20

-24.00

0dB =177 Wikg=12.48 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of L, §  Schwolzerischor Kasibrierdsenst
Schmid & Partner % Service sulsse d'dtalonnage
Engineering AG Sy C  sarvisio svisaero di tersten
Zeughausstrasse 43, 0004 Zurich, Switzerfand R S swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signaiories o the EA
Multilaters! Ag for the recognition of cafibration cestificates
ciont  HCT (Dymstec) Cartificate No: D2600V2-1015_Mari5
CALIBRATION CERTIFICATE
Object D2600V2 - SN: 1015
Catbiration proceckine(s) QA CAL-D5.v9
Calibration procedure for dipole validation kits above 700 MHz
Caltration date March 25, 2015
This calbration certificate doouments the raceability to national standarts. which realize the phy } anits ol verds (S1).
Ther WS and ha unc with canfidence peobability are gven on the lollowang pages and are parn of the cenificase
Ar s have boen cor I Ihe closed labaralory faciily. anvironment emporature (22 + 310 and humidity < 70%

Caibeutian Equipment used (MATE critical for calibaation)

Prienary Standarss 04 Cal Date (Cestilicate No.) S [= )

Powor metar EPM-442A GB3I7480704 07-0ct-14 (No. 217-02020) Ocr15

Powor sanaoe HF 8481A US37202783 07-Cct-14 (No, 217-02020) Oct 15

Powee sonsor HP 84814 MYa109237 07-0ct-14 (No. 21702021} 015

Relerence 20 dB Attenuator SN: 5068 (20k) 03-Ape-14 (No. 217.01918) Apr-15

Type:N mismaich combination SN 50472 /05327 03-Ape-14 {No. 217-01021) Apras

Referance Proba ESIOV3 SN 2200 30-Deoc-14 (N0, E53-3205_Decl4) Dec-15

DAE4 8N 801 18-Aug-14 (No, DAEAGO1_Augtd) AuQ-15

Secondary Stundards 0y Chock Date (in house) Scheduled Check

AF ganarxior RAS SMT-08 100005 O4-Aug-99 (in house check Oct-13) In nouse chack: Oct-16

Network Aradyzet HF 8753 USITI90888 S4206 18-0ct-01 (in house chsck Oct-14) In house check: O¢t-156
Name Function Signature

Gatbrated by Joton Kastrat mrﬂ%( ,
Apgraved by Kata Poxovic Teonnical Manager %;,

lssued: March 25, 2015

This calibration cortilicate shal not be teproduced axcept in full without written appraval of 1he labaralony
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Calibration Laboratory of \\&-\l_//'/',} S Schweizsrischer Kalibeierdienst
Schmid & Partner - 1 ¢ Service suisse détalonnage
Engineering AG =6 Servizio svizzero di tarmtura
Zoughausstrasse 43, B004 Zurich, Switzerdand % ,'ﬁ‘\‘,\? S Swiss Catibration Servics
Accredited by the Swiss Accreditation Sanics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorios to the EA
Muitilateral 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) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The rted 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 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 2600 MHz + 1 MHz
Head TSL parameters
The following paramatars and calculations wera applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 390 1.96 mho/m
Measurad Head TSL parameters (220+02)'C 37226% 2.00 mho/m =6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 14.4 Wikg
SAR for nominal Head TSL parameters nommakzed to 1W 56.5 W/kg = 17.0 % (k=2)
SAR nveraged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input power 6540 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 25.3 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 525 2.16 mho/m
Measured Body TSL parameters (220=202)"C 503+6% 220 mho/m 26 %
Body TSL temperature change during test <05"C - -
SAR resuit with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 14.1 Whg
SAR for nominal Body TSL parameters normalfized to 1W 55.4 Wikg =2 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.27 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 24.8 Wikg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5000-21)0
Raturn Loss -335d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 48680-19jQ
Retum Loss -278dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.150 ns

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

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

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

Additional EUT Data

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

Date: 20.03.2015

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

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

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

DASY32 Configuration:

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

Probe: ES3DV3 - SN3205; ConvF(4.49, 4. 49, 4.49); Calibrated: 30.12.2014,
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 18.08.2014

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

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

Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 102.2 V/im: Power Drift = 0,03 dB
Peak SAR (extrapolated) = 30.4 W/kg

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

1550

nm

0dB = 18.9 W/kg = 12.76 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

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

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

Medium parnmeters used: f = 2600 MHz; 0 = 2.2 S/m: ¢, = 50.3; p = 1000 kg_-lm:
Phantom section: Flat Section

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

DASYS52 Configuration:
o  Probe: ES3DV] - SN3205; ConvF(4.13, 4,13, 4.13); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 18.08.2014
o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA. Seral: 1002

o DASYS5252.88(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 96.03 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 29.2 W/kg

SAR(I g) = 14.1 W/kg:; SAR(10 g) = 6.27 W/kg

Muximum value of SAR (measured) = 18.6 W/kg

dB
0

-5.00
-10.00
-15.00

-20.00

-25.00

0dB =186 Wikg=12.70 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accredifad by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agro for the gnition of calibration certificates

crient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: DSGHZV2-1107_Jan16

CALIBRATION CERTIFICATE

Otgoct D5GHzV2 - SN: 1107

Cafbration procodurels) QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-6 GHz

Calibragion date: January 29, 2016

This caltvation certificate documents the iracesbilty 1o national standards, whch reakze the physical units of measurements (S1)
The messuremunts and the uncenaintias with confidence prohobilty ase given on the folowing pages and are part of the centticate

Mwmmmounwnmwnmwwumlwm. environmant [Emperture (22 = 3)°C and humidty < 70%.

Calibeasion Equipment usod (MATE critical lor caltbration)

Primary Standards 10 # Cal Date (Corntficate No.) Scheduled Calibration
Power mater EPM-442A GE3IT4B0704 07-0ct15 {No. 217-02222) Oct-16
Power pensor HP BL81A US37292783 07-0ct-15 (No, 21702222) Oct16
Power sansor HP BLBTA MY41082317 07-0ct15 (No. 217-02223) Qot-16
Retatence 20 dB Altenuator SN; 5058 (20k) O1-Apre15 (Na. 217-02151) Mar-16
Type-N mismatch combination SN: 6047 2 / 08327 O1-Apr-15 (N, 217-02134) Mar 16
Fterence Probe EX30V4 SN: 3502 31:Dec-15 (No. EX3-3500_Dec16) Dec-16
DAE4 SN: 601 30-Dec-15 (No. DAE4-601_Dec1s) Oec-16
Secondary Stantards iy Check Date (in house) Schedubad Check
AF generator RAS SMT-06 100072 15-Jun-15 (in house check Jun-15) In house chock: Jun-18
Notwark Analyzor HP 8753E USJI7300585 542080 15-0ct01 (In house chack Oct-15) In house check: Dct-16
Narmne Function 5 e
Calitvatod by. Michaal Weber Laboratory Techalkslan y‘e !
.
Approved by Kasin Pokovic Technical Manoged

e &

Issued: Jaruary 22, 2018

This calbration centicate shall not be reproduced axcapt in full without weitten spprovel of the labanaiory.

Caortificate No: DSGHIV2-1107_Jan16
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Accredited by the Swiss Accreditation Service (SAS) Accroditation No.; SCS 0108

The Swisa Accreditation Service is one of the signatories 1o the EA
Multiiateral Agroeement for the recognition of calibration certificates

Glossary:

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

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

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

Additional Documentation:
d) DASY4/5 Systemn Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are avallable 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 Returmn Loss ensures low
reflected power. No uncertainty required.

» Electrical Deiay: 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 1o a coverage
probability of approximately 95%.

Ceortificate No: DSGHzV2-1107_Janié Page 20113
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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 V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy » 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5250 MHz + 1 MHz
Frequency 5600 MHz = 1 MHz
5750 MHz + 1 MHz
Head TSL parameters at 5250 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 359 4.71 mhao/m
Measured Head TSL parameters (220+02)°C 52+26% 455 mha/m+6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm?’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.82 Wikg
SAR for nominal Mead TSL parameters normalized to 1W T7.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cov’ (10 g) of Hesd TSL condition
SAR measured 100 mW inpat power 224 Wikg
SAR lor nominal Head TSL parameters normalized to 1W 22.2 Wikg = 19.5 % (ks2)
Canificate No: D5GHzV2-1107_Jan16 Page 3ol 13
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220+02)°C 347+8% 4.90 mhaim + 8 %
Head TSL temperature change during test <05°C — e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 810 Wikg
SAR for nominal Head TSL parameters normaized 1o 1W B0.5 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 100 mW input powaer 2.33 Wikg
SAR lor nominal Head TSL parameters normalized to 1W 23.1 Wikg = 19,5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and cakulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 354 5.22 mha/m
Measured Head TSL parameters (220202)°C 3M5+6% 505 mho/m =6 %
Head TSL temperature change during test <05°C - —-—
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input powet 773 Whyg

SAR for nominal Head TSL parameters

normalized 10 1W

76.8 Wikg = 19.9 % (k=2)

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

condition

SAH measured

100 mW input power

221 Wikg

SAR for nomenal Head TSL parameters

narmalized 1o 1W

21.9 Wikg = 19.5 % (k=2)

Cortficate No: DSGHzV2-1107_Jan16
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho/m
Measured Body TSL parametors (220+02)°C 470=26% 5.44 mhoim = 8 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 100 mW nput power 7.46 Wikg

SAR for nominal Body TSL parameters

normahzed o TW

74,0 Wikg = 19.9 % (k=2)

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

condition

SAR measured 100 mW input powar 211 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 19,5 % (k=2)
Body TSL parameters at 5600 MHz

The lollowing parameters and calculations were applied.
Temperature Pormittivity Conductivity

Nominal Body TSL parameters 220°C 485 5.77 mho/m

Measured Body TSL parameters (220:02)°C 464+6% 591 mho/m £+ 6 %

Body TSL temperature change during test <05°C — -
SAR result with Body TSL at 5600 MHz

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

SAR measured 100 mW Input power 7.95 Wikg

SAR for nominal Body TSL parameters narmalized to 1W 78.9 Wikg = 18.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 100 mW input power 224 Wikg

SAR for nominal Body TSL paramsters normalized to 1W 22.2 Wikg = 18.5 % (k=2)

Cantificate No: DSGHzV2-1107_Jan1é Page 5of 13
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°'C 483 5.94 mho/m

Measured Body TSL parameters (220+02)°C 46.1+6% B.12mho/m + 6 %

Body TSL temperature change during test <05°C —_— chen
SAR result with Body TSL at 5750 MHz

SAR averaged over 1 em® (1 g) of Body TSL Candition

SAR measurad 100 mW input power 7.55 Wikg

SAR for nominal Body TSL paramoters normakized 1o 1W T74.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condiion

SAR measured 100 mW input powet 212 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.0 W/ikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 5520-73[)

Retumn Loss -21.5dB
Antenna Parameters with Head TSL at 5600 MHz

Impadance, transformed to feed point s8590-022

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

Impedance, transformed to feed point 5680+07i0

Return Loss -238d8
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed poim 4850-73 K

Retumn Loss -224d8
Antenna Parameters with Body TSL at 5600 MHz

Impadance, transformed to feed point 5530-39Q

Retum Loss -24.1d8
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transiormed to feed point 5520-440

Aatum Loas ~238dB
General Antenna Parameters and Design

lEiectncal Delay (one direction) [ 1.186 ns

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

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

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

Additional EUT Data

Manutfactured by SPEAG

Manufactured on March 11, 2011
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DASYS Validation Report for Head TSL

Date: 28.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Phantom section; Flat Section

Measurement Standurd: DASYS (IEEE/IEC/ANSI €63,19-2011)

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.53, 5.53, 5.53); Calibrated: 31.12.2015, ConvF(4.99, 4.99,
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4,95, 4.95); Calibrated: 31.12.2015;

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

« Electronics: DAE4 Sn601; Calibrated: 30.12.2015

« Phantom: Flat Phantom 5.0 (front); Type: QDOODPSOAA; Serial; 1001
* DASY5252.8.8(1258); SEMCAD X 14.6.100(7372)

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

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

Peak SAR (extrupolated) = 28,7 Wikg

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

Maximum value of SAR (measured) = 18.4 Wikg

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

Reference Value = 71.71 Vim; Power Drift = 0.08 dB

Peak SAR (extrupolated) = 31.8 Wikg

SAR(1 g) = 8.1 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 19.4 Wikg

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

Reference Value = 69.35 V/im; Power Drift = 0,03 dB

Peak SAR (extrupolated) = 31.7 W/kg

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

Maximum value of SAR (measured) = 19.0 W/kg

Cortificate No: DSGHzV2-1107_Jan16 Page Bol 13
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0 dB = 18.4 W/kg = 12.65 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Dare: 29.01.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: D5GHzV2; Serial: D5GHzV2 - SN: 1107

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.44 S/m; & = 47; p = 1000 kg/m* , Medium parameters used: {
= 5600 MHz; a = 5.91 S/m: &, = 46.4; p = 1000 kg/m" , Medium parameters used: f = 5750 MHz: o = 6,12
Stm; g, =46.1: p = 1000 kg/m*

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvFi4.85, 4.85, 4.85); Calibrated: 31.12.2015, ConvF(4.35, 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015:

* Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30,12.2015

« Phantom: Flat Phantom 3.0 (back); Type: QDOOOPSOAA: Senal: 1002
» DASY5252.8.8(1258); SEMCAD X 14.6.1(0(7372)

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

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

Peak SAR (extrpolated) = 27.9 Wikg

SAR(] g) = 7.46 W/kg: SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.0 W/ike

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

Reference Value = 67.15 Vim; Power Drift = 0,03 dB

Peak SAR (extrapolated) = 32.5 W/kg

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

Maximum value of SAR (measured) = 18.8 Wikg

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

Reference Value = 64.88 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.2 W/kg

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

Maximum value of SAR (measured) = 18.1 W/kg
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Impedance Measurement Plot for Body TSL
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Attachment 5.— SAR Tissue Characterization

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

Ingredients Frequency (MHz)
(% by weight) 1900 2450-2700 5200 - 5 800
Tissue Type Head Body Head Body Head Body Head Body
Water 40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
Salt (NaCl) 1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
Sugar 57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
HEC 1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
Bactericide 0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
DGBE 0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
Diethyleneglycolhexylether 17.24 10.67
Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose
DGBE: 99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]
Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl] ether
Composition of the Tissue Equivalent Matter
F-TP22-03 (Rev.00) 241 /242 HCT CO., LTD



=
HHCT FCC ID:ZNFH850 Report No: HCT-A-1603-F002-3

HCTCO,LLTD

Attachment 6.-SAR SYSTEM VALIDATION

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

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

SAR Dlelectrlc Parameters CW Validation Modulation Validation
System prope Probe | oot | Diole | Date
0 Type Polnt [l Measured Measured o - .o Probe Probe MOD.
No. on Permittivity Conductivity yLlnearltylsotropy Type |Factor

4 1605 [ET3DV6 | Head | 750 | 1014 | 2015.08.14 421 PASS | PASS PASS N/A | N/A | N/A
9 |3968 [EX3DV4 | Body | 750 | 1014 |2015.08.14 55.7 0.98 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Head | 835 | 4d165 | 2015.12.01 41.8 0.89 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 [EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Body | 835 | 4d165 | 2015.12.02 54.8 0.98 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS |GMSK|PASS| N/A
4 1605 [ET3DV6 | Head [1800| 2d006 | 2016.02.05 40.2 1.38 PASS | PASS | PASS | N/A | N/A | N/A
9 | 3968 [EX3DV4 | Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Body |1800| 2d006 | 2016.02.08 53.1 1.5 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head [1900| 5d032 | 2015.06.04 40.1 1.39 PASS | PASS | PASS | N/A | N/A | N/A
4 1605 [ET3DV6 | Head |1900| 5d032 | 2015.06.04 40.1 1.39 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Body |1900| 5d032 | 2015.07.01 52.8 1.53 PASS | PASS | PASS |GMSK|PASS| N/A
9 | 3968 [EX3DV4 | Body |1900| 5d032 | 2015.07.01 52.8 1.53 PASS | PASS | PASS| NA | NA | NA
3 | 3797 [EX3DV4 | Head |2450| 743 |2015.12.01 38.4 1.8 PASS | PASS | PASS |OFDM| N/A |PASS
9 | 3968 [EX3DV4 | Body |2450| 743 |2015.07.01 52.9 1.98 PASS | PASS | PASS |OFDM| N/A |PASS
5 |3903 |EX3DV4|Head |2600| 1015 |2015.10.07 39.2 1.98 PASS | PASS | PASS| NA | NA | NA
9 | 3968 [EX3DV4 | Body |2600| 1015 |2015.07.01 52.9 2.18 PASS | PASS | PASS| NA | NA | NA
3 | 3797 |EX3DV4| Head |5250| 1107 | 2016.02.10 36.2 4.77 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |5600| 1107 |2016.02.10 35.7 5.02 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Head |5750| 1107 | 2016.02.10 35.1 5.18 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Body |5250| 1107 | 2016.02.11 48.3 5.4 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Body |5600| 1107 | 2016.02.11 47.9 5.83 PASS | PASS | PASS |OFDM| N/A |PASS
3 | 3797 |EX3DV4| Body |5750| 1107 | 2016.02.11 48.1 5.99 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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