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clien  HCT (Dymstec) Cartificate No: EX3-3968_Jun15
CALIBRATION CERTIFICATE |
Ctject EX3DV4 - SN:3968
Calbrabion procedune(s) QA CAL-01.v9, QA CAL-12.v8, QA CAL-14.v4, QA CAL-23.v5;
QA CAL-25.46
Calibration procedure for dosimeatric E-field probes
Caltyaion date June 18, 2015
This calibration cedtificate documeants the aceabilty to national standards, which realize the phyaical units of measurements (SI),
The massuremants and the unoert with confidence pe Y re given on thir followeng pages and ave port of the cerificste.
AR calibeations have been conducted o the clomed laborstory facility. emdronment femperature (22 4 3)°C and humidly « 70%.

| Calibration Equipment used (MATE concal for cottbration)

|

rmary Stancards ) Cal Date (Cavtlicate No | Schaduded Calbraton
Pawer meter £44198 GB41203874 D1-Age. 15 (No. 247-02128) Mar-18
Power sensor E44124 MYM4%O$? 01-Ape-35 (No. 217402128) Mar 18

| Referance 3 48 Atterniator SN: 35054 (36) 01-Ape-15 {No_ 217-02128) | Maras

| Refecence 20 dB Attenuator SN S5217 {20 01-Ape-15 {No. 217-02132) | Mar.18
Reference 30 dB Anenusiorn SN: 55129 {30b) 01-Ap(-15 (No. 217-02133) Mar- 16
Releconco Probe ES3IDV2 SN: 30153 | 30-Dec-14 (No. ES3-3013_Deg14) | Dec-15
DAE4 SN 560 14-Jan-15 {No. DAEA-660 Jan15) Jan-16
Secondary Standands 1) Check Date (in house) Scheduled Check
RF generaloe HP 8848C US3H42U01700 4-Aug-99 (in housa check Apr-13) In house check: Ap-16
Network Anayzer HP- 87536 | US37390585 18-0ct-01 (in house chack Oct-14) in house check: Oct-15

Name Function Stgﬂeeufo
Cafibrated &y Joton Kostrati Latorsory Techniian < _(_,_.. { 2
Komored by Kt Pekoic Tl Manores /f.é,g_
ssuad. Jone 18, 2015

This calibeation certificate shall not de reproduced sxcapt in ful without welion approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

NORMxy,z sensilivity in free space

CoavF sensitivity in TSL / NORMx,y.z

DCP diode compression point

CF crest 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 s nomal to probe axis
Connector Angle information used in DASY system to aiign probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
v NORMx.y.z: Assessed for E-field polarization § = D (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMx.y,z are only infermediate values, i e., the uncertainties of NORMx,y,z does not affect the E*-fieid
uncertainty inskie TSL {(see below ConvF),

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

o DCPx,y.z: DCP are numerical inearization parameters assessed based on the data of powes sweep with CW
signal (no unceriainty required), DCP. does not depend on fraquency nos media,

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

o Axy.z Bry.z Cxyz Dxyz VReyz A B, C, O are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media, VR is the maximum 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 10 Improve probe accuracy Glose to the boundary, The sensitivity in TSL corresponds
to NORMz,y,z * Convi- whereby the uncertainty corresponds to that given for ConvF. A fraquency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

« Spherical isotropy (3D deviation from isotropy): in-a field of low gradients realized using a fiat phantom
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: The angle is-assessed using the information gained by determining the NORMx (no
uncertainty required),
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EX530V4 - SN:39ES June 18, 2015

Probe EX3DV4

SN:3968

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 ] SensorZ | Unc (k=2) |
[ Nomm (@VAVImy™ | 0.36 T 035 | 042 | 2101% |
[ DCP (mV)" 103.1 1028 4 96.8 |
Modulation Calibration Parameters
[GID [ Communication System Name A g8 | ¢ I o v | unc |
e L. | | o8 |ehvl | @8 | mv | (e=2) |
0 L ow x| 00 0.0 10 | 000 | 1303 | 330% |
= [y 1 00 00 1.0 12987 |
Bl Z | 00 00 | 10 | | 1423

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

A The wicatalalios of NormmX,Y,Z do nol affect the £°-fietd uncertainty inside TSL {see Pages 5 and 6)

¥ Numerical Sneanzation parameter: uncenainty not recured

" Uncertainty is determined using tha max. deviation from Snear response applying reclanguiar Sistibulion and is exprissed for the square of the
fetd value
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FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015

EX3DV4-~ SN:3968 June 18, 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

. g Relative | Conductivity | i Depth” [ Unct.
(MHz) Permittivity (snn) ConvF X | ConvFY  ConvFZ | Alpha {mm) (k=2)
150 52.3 | 076 13.08 13.09 1309 | 000 100 | =133%
300 453 0.87 12.28 12,28 1228 | 0.10 120 | £133%
450 435 0.87 10.61 10.61 1061 | 018 120 | #133% J
750 419 0.89 9.92 9.92 9.92 0.18 157 | #120%
835 405 0,90 9.60 9,60 .60 0.21 164 | +120%
900 415 0.97 9.45 | 845 945 0.22 125 | £120%
1450 405 1.20 828 8.28 8.28 0.26 102 | £120% |
1750 40.1 197 | 823 8.23 823 0.31 080 | £120%
1800 so | 140 | 7es | 795 | 785 | 0% | os0 | s120%
1950 400 1.40 7.66 7686 | 766 0.38 080 | £120%
2300 395 1.67 7.51 7.51 7.51 037 | 080 | +120%
2450 39.2 1.80 121 | 721 7.21 036 | 080 | £120%
2600 39.0 1.96 7.06 7.06 7.06 039 | 089 | £120%
3500 37.9 281 .82 6.82 6.82 0.29 133 | 2131%
5200 36.0 466 5.26 5.26 5.26 0.30 180 | 21314 %
5300 35.9 4.76 5.09 5.08 500 | 035 1.80 | #13.4%
5500 356 4.96 4.86 4.86 488 | 040 180 | +131%
5600 355 5.07 458 | 459 455 0.40 180 | £13.1%
5800 35.3 527 568 | 488 4.68 0:40 180 | +131% |

© Fraquency validity sbave 300 Mz of + 100 MHz only applies for DASY vé 4 and higher {see Page 2), also it 1s restricled 16 & 50 MHZ The
uncananty is the RSS of the ComwF uncerainty at calibraticn requendy and the uncertainty for the indicated frequency tand. Fraquency valdity
Deiow 300 MHZ 15 = 10, 25, 40, 50 and 70 MHE for ConvF assessments at 30, 64, 128, 150 and 220 Mz respectively, Above § GHZ frequency
vamunbownmwmnwuu

* AL Trequencias below 3 GHz, the validity of issue parametess (= A o) can be refaoed 1o ¢ 10% & iquid compensation oemula is appied o
meoosured SAR values Al froquancies above 3 GHz, mvalnrydmmepuamm(c and ¢} s restriciod 10 £ 8% The uncectainty @ the RSS of

° ApraDepth are d during caltration. SPEAG waeranis that the rimaining deviaton due to the boundary effect after Compansation i
elwayslesnhonz1%mmw3mmamw:z¥t«ﬁmmumMmmwdalmuwmmwmomweup
dametar from the boundary.
Certificate No; EX3-3968_Jun1s Page 5 of 11

Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. of KOREA 102 of 217
HCT-A-1512-F005-1 TEL: +82 31 645 6300  FAX: +82 31 645 6401



FCC ID: A3LSMA510FD Issue Date: 12. 23, 2015
EX3DV4- SN:3868 June 18, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968
Calibration Parameter Determined in Body Tissue Simulating Media

f{MHz) © Po?:»my' ‘l iomw | ComvF X | ConvFY | ConvFZ Alpha ® m)u m ]
150 61.9 | 080 12.40 12.40 12.40 0.00 1.00 | £133% |
300 58.2 0.92 1134 | 11.34 11.34 0.05 110 | +133% |
450 56.7 0.94 10.86 10.86 10.86 0.12 120 | +133%
750 58.5 0.96 949 | 0849 ' 9.49 0.34 103 | +120%
836 55.2 0.97 955 | 955 9.55 0.50 080 | £120%
900 55.0 1.05 9:34 9.34 9.34 0.42 0.93 £12.0%
1750 534 149 7.87 7.87 7.87 0.42 0.80 £120%
1900 533 1.52 7.60 7.60 7.60 0.33 0.85 £12.0%
2450 527 1.95 7.25 7.25 7.25 036 | 08B0 | +120%
2600 52.5 2.16 J 7.10 7.10 7.10 0.24 080 | +120% !
5200 49.0 5.30 W 4.71 a7 4.71 0.40 190 | #131%
5300 48.9 542 4.44 4.44 4.44 0.40 1.90 +13.1%
5500 486 565 4.14 4.14 4,14 0.45 190 | £13.1%
5600 485 5.77 3.93 3.93 3.93 0.45 1.90 +131%
5800 482 6.00 4,27 427 427 | 045 190 | 21314 %

© Fraquency validay above 300 MHz of 2 100 MHz only sppies for DASY wé.4 and higher (soe Page 2), she 33 restricted 1o t 50 Mz, The
unceriainty is the RSS of the Coenvic uncenainty at colration frequency and the uncertainty for the indicaned fraquency band. Frequancy validity

below 00 Mz i + 10, 25, 40. S0 and 70 MHz for Comnd assessments at 30, 64, 126, 150 and 220 MHz respectively. Above 5 GHz freguency
validity can be extended 10 £ 110 MHZ

" At fraquencies below 3 GHE, the vaicity of lissue parameders (c-and o) can bo relaxed 1o = 10% if iquid compeasation foruio is appad to

measured SAR valLes, At fraquencies above 3 GHE, the valdity of tissus parameters (c and o) & restricied to & 5%. The uncertainty is the RSS of

the CorE uncertainty for ndicated farget tissue

parametens
© Rlpha'Deptn are determined during calivration. SPEAG warmants that ihe remaining deviaton due 1o the boundary effect sfier
ahwarys less than 2 1% for frequencies below 3 GHZ and tisiow = 2% for frequancies betwean 3.6 GHz at any destance largée than hall the prabe 1ip

diameter from the boundary
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EX3DV4- SN:Ig6a June 18, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4-- SNIIg6a June 18, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)
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EX3DV4- SN:3968

ine 18, 2015

Dynamic Range f(SARpeaq)
(TEM cell | foum= 1900 MHZ)
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Uncertainty of Linoarity Assessment: * 0.6% (k=2)
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EX3DV4- SN38E8

Juné 18, 2015
Conversion Factor Assessment
{ = 835 MMz, WGLS RS (H_convf) { = 1900 MHz WGLS R22 (H_comf)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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