aCT
HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

Attachment 3. — Probe Calibration Data

HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.
of KOREA
HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401

150 of 281



HCTCO,LTD

FCC ID: ZNFH815PX

Issue Date: Nov. 24, 2015

Report No.

Calibration Laboratory of

Schmid & Partner
Engineering AG

wqum

Accredted by the Swiss Accredtation Service (SAS)
The Swiss Accreditation Service is one of the signatodas to the EA
Multilatorad Agrooment for the recognition of calibration certificates

Calibration Equipment used (METE aitical for calibration)

Y
N>

nwown

Sarvice sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

n—wmmmmmnmm‘mmm:f~ma {81}

mmwnmmmmnwmuummn”mdum

uummmmmnmwmmmmm:wcmmdm.

Prmary Standaos D Cail Date {Certficate No, Seneduled Calbration
Powex meter E4A41G8 GBa1253874 03-Ape-14 (No. 217-019%1) Apt-15
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Nov. 24, 2015
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Accrediod by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accraditation Service is ona of the signatories 1o the EA

Multiistoral Agroement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.yz sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

DCP diode comprassion point

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

A B, C,D modulation dependeant linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 8 afombonamundanammansntrnplmonormnlwpmbenis(nmaswemomcemed.

|&., 8 =0 is normal to probe axis
Connector Angie information usad in DASY system to align probe sensor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 62209-1, *Procedure lo 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-fleld polarization 8 =0 (f < 00 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMzx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o  NORM{)x.y.z = NORMx.y.z * frequency,_response (see Fraquency Response Chart). This linearization Is
implemented in DASY4 software versions laler than 4.2. The uncertainty of the frequency responsae is included
in the stated uncertainty of ConvF.

« DCPxyz 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 10 Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axy.z Bxy.z Cxy.z Dxyz VRxyz A B, C, Dam numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the diode.

« CorivF 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
meesmmnentslofDaOOMHLThesamommmdfovasmmmdmparammappﬁedfor
boundary compensation {alpha, depth) of which typical uncertainty values are given, These parameters are
usaamDASYlsoﬂvmolounpwvepmboaccuucycbeemmmm.TI’nsti\ylnTSLcomspona
to NORMz,y.z * ConvF whereby the uncertainty corresponds 1o that given for ConvF. A frequency dependent
ConvFisusedmDASYvetsionJ.dandhighefMichallcmscxhndthevaidﬂyfrm:SDMHzmMOO
MHz,

. Spmrioamotropyr:!odaviawnkwmouopy):maﬁddotbwg-adinmnmdusmahlphmm
exposed by a patch antenna.

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

. CommAngIe:Theanghnsassasedusingthommauongamedbydmmlnhgmemm(m

uncertainty required).
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
ETADVE- SN 1621 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Basic Calibration Parameters

Sensor X Sensor Y | Sensor Z _Hr:c (k=2) |
Norm {uVAVim)')" 1.77 1.82 1.72 2101 % |
DCP {mV)" | 101.9 99.0 101.4 |

Modulation Calibration Parameters

[uio [ Communication System Name A B c o VR Unc®
d8 | dBVuV &8 | mV =2 |
o cw x| oo | o0 10 | 000 | 2573 | 35% |
Y| 00 0.0 1.0 2218
[z] oo 0.0 1.0 2514

The ref)orted uncertainty of measurement is staled as the standard uncertainty of measurement
multipfied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximaltely 85%.

* The uncertainbes of NormX,Y,Z 60 net affect ha E7-Huld uncertalnty nside TSL (e Pages 5 and £)

" Numerical inserization parametar uncartainty nof requred

¥ Uncenainty is cetermined using the max. deviation from inssr responss apphying rectanguiar duiridUBon ond is exprassec for the square of 1he
field value
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
ETIDOVE- SNI1831 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Calibration Parameter Determined in Head Tissue Simulating Media

P ] 2% | 2

f (MHz) Pormittivity (Sim) ConvEX | ConvFY | ConvFZ | Alpha (mm) (k=2)
300 453 0.87 7.67 7.67 7.67 020 | 225 | £133%
450 435 0.87 747 7.47 747 0.26 275 | £133%
750 419 0.82 6.65 6.65 6.65 0.56 108 | $120%
835 415 0.20 6.37 6.37 6.37 030 | 300 | £120%
900 415 0.97 B.25 825 6.25 030 | 300 | £120%
1750 401 137 534 | 534 53¢ | 056 | 258 | +120%
1800 40.0 1.40 5.00 5.09 s0s | 080 | 208 | +120%
1950 40.0 1.40 4.92 4.92 492 080 | 205 | +120%
2300 39.5 1,67 477 477 477 080 | 190 | £120% |
2450 39.2 180 | 452 452 | 452 0.80 1.90 £120%

© Fraquancy validity above 300 MHz of £ 100 Mz ooly spplies for DASY vé,4 and higher (s2e Page 2), #i5e & & restnctod 1o £ 50 MMz The
um-nyuunRSSdmc«wFwmwwmommmwwmmwmym Frequency validity
betow 300 MHz is = 10, 25, 40, 50 and 70 MMz for Canvi® sssessments at 30, 64, 128, 150 and 220 MHz respoctively. Above 5 GHz frequency
validity can be sxended 1o & 110 Mz

* At froquoncios beiow 3 GHz, the validity of tssue parametens (c and o) can be relaxed to = 10% If lguid compensation formula is appled 1o
measured SAR values Athmdeamswmvddwdmpnmuusiuma)srmmrnzsx,TheuummymmRSSd
the Corn uncertminty for indicated Lrpet tssus parenotors

AphaDepth are ed duing SPEAG thal Ihe remainng doviation due 1o e boundary effect after componsaticn =
shaays less than = 1% for fequencies below 3 GHz and below 2 2% for Fequences butween 3.6 GHz at sty dstance larger than hall ihe probe 1p
diamwster from the boundary
Cartificate No: ET3-1831_Jan15 Page 5of 11
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
ETIDVE- SN:1631 January 26, 2016

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Calibration Parameter Determined in Body Tissue Simulating Media

. Relativa | Conductivity ‘ o | Depth® Unct.

f(MHz)" | Permittivity (Sim) ConvF X | ConvFY | ConmviFZ | Alpha (mm) (x#2)
300 58.2 092 7.39 739 739 | 015 1.70 +13.3%
450 56.7 0.94 7.54 7.54 7.54 0.18 2.11 +133%
750 555 0.96 528 6.26 6.26 0.28 300 | +120%
835 652 0.97 6.22 6.22 6.22 0.31 288 £120%
1750 53.4 149 487 4.87 487 | 078 2.50 +120%
1900 53.3 1.52 467 4,67 4.67 0.80 240 +120%
2450 52.7 1.95 424 | 424 4.24 0.80 180 | +120%

© Frequency validty above 300 MHz of £ 100 M4z only appiies for DASY w4 and higher (see Page 2) elsa I Is restricted 1o = 50 MMz The
uncenainty is the RSS of the Conv uncartainty a caltraton frequency and the uncertainty for the Indicased froguency band. Fréquency valdaly
Delow 300 Mz is ¢ 10, 25, 40, 50 and 70 MHz for Conv sssessmants at 30. 84, 126, 150 and 220 MMz respectively. Above 5 GHz frequency
validity can be exended 1o £ 110 MMz

" At froquencies bolow 3 GHZ 1he valaty of tissue paramaters (¢ and o) can be retaxed to & 10% ¥ kgud compensason formula Is appied 10
measured SAR vales Nk-qumam](iw.nwvnMydmwmw(«mdn)-mmudloxﬁ The uncertanty & the RSS of
e ConvF uncartasnty for indicaled target tssos peramaters.

% Alpha/Depih are determined dunng calbration SPEAG warrans that ihe remaining deviation due 10 Ihe boundary sffect after compensation s
mu;m:i%'ovhmnwaﬂm:\Gmmdodov-xntor'rmncmbm}ecﬂzalmamlmwmmwmemuuln

dameter Fom the boundary
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HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

ET3DVE- SN.1631 January 28, 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

ETIDVE- SN!1631

January 28, 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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HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

ET30VE- SN, 1631 January 28, 2015

Dynamic Range f(SAR}¢ad)
(TEM cell , fo.a= 1900 MHZ)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
ETIDVE- SN:1631 January 28, 2015

Conversion Factor Assessment

f = 800 MHz WGLS R9 (H_conv) { = 1750 MHz WGLS R22 (H_conmF)

Al L o " -

n - » » ; w -~ o L) w S
2l L
. 2) ) 2
vl e e R ad
Deviation from Isotropy in Liquid
Error (¢, 8), f= 900 MHz
10 08 -06 -04 -02 00 02 04 06 0B 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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HCTCOLTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

ETIDVE- SN1631 January 28, 2015

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1631

Other Probe Parameters

Sansor Arrangement J Triangukar
Caonnectar Angle (*) | -136.9
Mechanical Surface Detection Mode | enabled |
“Optical Surface Detection Made | " disabled |
Probe Overall Length — 337 mm |
“Probe Body Diameter T— “10mm |
Tip Length 10 mm
| Tip Diamater ] 6.8 mm
Probe Tip to Sensor X Calibration Point 27 mm |
Probe Tip to Sensor Y Calibration Point 27 mm |
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recammended Measurement Distance from Surface | 4 mm
Certificate No- ET3-1631_Jan15 Page 11af 11
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Nov. 24, 2015

Calibration Laboratory of Py Sitveisariacti Hotbeasds

Schmid & Partner e Saervice suisse d'étalonnage
Engineering AG : & Servizio svizzero i taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland o Swiss Calibration Secvice

A

Accredited by Ihe Swess Accraditabion Service (SA5) Accreditation No.: SCS 108

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

Muttitateral Agr t for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensifivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

ABCD modulation dependent linearization parameters

Polanzation ¢  rotation around probe axis

Polarization 9 9 rotation around an axis that is in the plane narmal to probe axis (at measurement center),

le., 8 =0 is normal 10 probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a)

b)

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

IEC §2209-1, "Procedure 10 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:

NORMYx,y.z: Assessad for E-fiekd polarization 8 = 0 (f < 900 MHz in TEM-cell; | > 1800 MHz: R22 waveguide).
NORMx.y.z are only intermediate values, ie., 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 Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4,2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

DCPx.y,z: DCP are 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 1o Average Ratio that is not calibrated but determined based oo the signal
characteristics

Axy,z, Bx.y.z, Cx.y,z Dxyz: VRxy.z A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
madia. VR & the maximum calibration range expressed in RMS voltage across the diode.
ConvF and Boundary Effect Parameters: Assessed Iin flat phantom using E-field (or Temperature Transfer
Standard for { s BOD MHz) and Inside waveguide using analytical field distributions based on power
measuremants for f > 800 MHz. The same setups are used for assessment of the parameters applied for
compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitiity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty correspords 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 Isofropy (3D deviation from isotropy): In a field of low gradients reafized using a flat phantom
axposed by a patch antenna.

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

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncerainty required).
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HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

EX3DV4- SN'3363 July 24, 2014

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

Basic Calibration Parameters

B Sensor X | Sensor Y | Sensor Z Unc (k:Z_) |
Norm IEV/sy_Imf)“ 0.37 0.35 | 0.45 £ 10.1% |
DCP (mV) 99.8 98.7 ; 100.6 |

Modulation Calibration Parameters
| UID | Communication System Name A | B c D

VR une” |
d8 aBVuV dB mv (k=2)
0 cwW — Ix1 oo 00 10 | 000 | 1330 | #25% |
Y| 00 0.0 10 1313 |
. Z | oo 0.0 10 1499 I

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
probabillity of approximately 95%.

* The uncenainbes of NoimX.Y.Z do not slfect the E*-fels uncertainty maide TSL {see Pages 5 and &)
¥ Numsernical linearization paramesar uncanmnty not regured

© Uncertainty i determitied uging the max, deviation from Ansar response applyng rectangular distribution and is axpeesaed foc the square of the
it value.
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HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EXADV4- SN.3863 July 24, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative _ | Conductivity | Dopth® |  Unct.

| 1{MHz)C | Permittivity” (8im)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 41.5 0.90 9.50 9.50 9.50 080 | 050 | £120%
900 41.5 0.97 9.21 921 921 059 | 011 | £120%
1450 405 1.20 8.50 8.50 8.50 066 | 065 | £120%
1750 40.1 1.37 8.38 8.38 8.38 075 | 058 | £120%
1900 40.0 1.40 8,02 8.02 8.02 078 | 059 | $£120%
1950 40.0 1.40 7.71 7.1 7.71 056 | 070 | +120%
2300 395 1.67 748 7.48 7.48 054 | 089 | +120%
2450 39.2 1.80 7.15 7.15 7.15 070 | 059 | £120%
2600 39.0 1.88 7.05 7.05 7.05 050 | D74 | 2120%
5200 36.0 4.66 498 4.98 4.98 0.40 180 | £131%
5300 359 476 477 4 477 0.40 180 | 213.1%
5500 356 4.96 4,76 4.78 4.76 0.40 180 | =13.1%
5600 35.5 5.07 4.58 4.58 4.58 0.40 180 | =131 %
5800 353 5.27 4.55 4.56 4.55 045 | 180 | £131%

© Erequency valdty above 30C MHz of = 100 MHz only appdes for DASY wd 4 and higher (see Page 2), sise i is restricled 10 & 80 MHz. The
uncerainty is the RSS of the Convi® unconainty at colbraton frequency and the uncertainty for the indicated freguoncy band. Frequency valldity
beiow 300 MHz is + 10, 25, 40 50 and 70 MHz for ConvF nasesaments at 30, 64, 128, 150 and 220 MHz reapechively. Above 5 GHz frequency
vahoity can be extended to ¢ 110 MHe

* Al frequencies below 3 GHz. the valdity of tissue parsmeters (c and o) can be relaxed (0 + 10% # bguid compensation foomada = appliad
measured SAR values. Al frequencies above 3 GHZ. the veidity of tssue s(cond o) s d 1o £ 5%. The uncartainty = the RSS of
the Convf® uncertainty for ndicated target ¥asue parameters,

. are detarmined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compansaton is
mmm:mummm:&umm:nm'mmuommmnmwemmmmmnp
dinmeter from the boundary
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EX3DV4- SN 463 July 24, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

3 Relative | Conductivity ﬂ[ Depth " Unct.

f(MHz)® | Pormittivity’ |  (8im)’ | ConvEX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
835 55.2 0.97 9.43 9.43 943 | 080 | 061 | 2120%
1750 534 1.49 7.80 7.80 780 | 052 | 075 | 2120%
1900 533 1.52 7.36 7.36 736 | 026 | 118 | 2120%
2450 527 1.95 697 687 | 697 080 | 080 | £120%
2600 525 216 6.87 .87 6.87 063 | 050 | £120%
5200 49.0 5.30 450 4.50 450 | 040 | 180 | £131%
5300 489 542 427 4.27 427 040 | 190 | #131%
5500 486 565 401 401 401 045 | 190 | £131%
5600 485 5.77 3.83 383 383 | 045 | 190 | +131%
5800 482 8.00 407 | a07 407 | 050 | 190 | £131%

‘Froqwncyvﬂdnyabcm!m’&tzds'wmwywhWﬂdwm(squnmuummwxwm.The
umﬂy-mRSSdIMWumlmuwmmwywIummomwmyumquuan:yvﬁmy
wmaoomcmuo,zs.to,somroumhrc:n.fmmmu.125.150m720mumAncmscmmmy
validity can be extended 1o 4 110 MHZ.
'Nﬁowabdon:(‘ﬂ:.w-vnhdlydmpmmus(n-mmunbomw:w&lllnnd- sation K An I oppled 10
mmndSARvaluuthmomSMNdemm(:.an)nvwxmwtsﬂTmmmvmtnRSSd
‘;moomFuuMyhrm.dugﬂlmmnm

d

are ing cald SPEAG war hat the remamning deviation due 10 the boundary effect after compersatian i
ammm:w.rammmumacmmm:nmmm&scmuwmwummmmup
dinmater from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

51—
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=
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ol
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06+
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0 800 1000 1500 2000 2500 3000
f [MHz]
e :
. RZ2
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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P - O
Receiving Pattern (¢), 8 =0
=600 MHz, TEM f=1800 MHz,R22
u
. % L
L3 . . L] . - .
Ted A Y b4 Tot X Y
‘ —
g | |
‘guf.—;{.r,‘»-_i:1:oqgog,-ca;,-_t,’q_.,_: 3-—;-.-&,._W
@
| i i ) '
' Aot {7
.
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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input Sgral {uV]

Error (8]

July 2& 2014

Dynamic Range f(SAR}cad)
(TEM call , fouu= 1900 MH2)

10 107 10 10 10 10 10
SAR [mWicm3]
] )
not compensated

0 O St et B PTG OBt S B e O

104 1079 10 108 0 102 100
SAR [mWicm3]

*) LR
sot compansatac compensatec

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
f = 835 MHz, WGLS RS (H_conv) 1= 1900 MHz WGLS R22 (H_convF)
\

. St >

z 30{ z

5 | 3"

.’1\1 »
N. 0 . » ar ~ -; ),5, ) J w " » » n -
Im e
o . = gh
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
-0 08 08 04 02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: & 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (*) = . 716
WMechamcal Surface Detection Mode ‘enabled |
Opfical Surface Detection Mode — = disabled J;
[Probe Overall Length T dTmm
Probe Body Diameter 10 mm
Tip Langth T 9mm |
I Tip Diameter = \ 26mm
“Probe Tip 1o Sensor X Galibration Point | 1 mm |
Probe Tip 1o Sensor Y Calibration Point Tmm
Probe Tip to Sensor Z Calibration Paint | 1mm
Roecommended Measurement Distance from Suriace | 1.4 mm
Carfificate No: EX3-3663_Jul 14 Page 11 of 11
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Engineering AG

Zoughausstrasse 4, 8004 Zurich, Switzerland

Accredted by the Swiss Accreditaton Savice (BAS)

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

Caiibration detw:

Thes calibraton cenificate d

nis the

Calibration Equipment used (MATE crivcal for calibeation)

aty 10

standards, which realize the physical units of measurements (Six
mmummmmmmwwnwnmmnmdum

Mmmmmnmmwwmmm:mwwtm.

Primary Standards 0 Cal Date (Certificate No.) heduled Calibration
Power meter EAL168 GBA 1293674 03-Apr 14 (No. 217-01911) Ape-15
Fower sensot E44124 MY4 1408087 03-Apr-14 (No_217-01911) Apr-16
Hot 3 dB Anenuator S S5054 (3a) O3-Apr14 (No. 247-01918) Apr-15
Rad 20 8 Altenuasor SN. S8277 (20x) 03.Apr-14 (No_217-01618) Apr-15
Reterence 30 48 Attenuator SN 55120 (308) O3 -Ape-t4 (No. 217-01020) Ape- 1§
Raf Probe ES3OV2 SN 3013 30.Dac-13 (No. ES3.3013 Deci3) Doc-14
DAE4 SN 788 Xi-Api-14 (No. DAEA TS Agrid) Ape-15
Standards &) Check Date (n houss) Scheduled Check
RF generator HP 86480 US3642U01700 in house check Apr-1 In house chack: Ape- 18
N rk Analyzor HP §753E US37300585 18-Oct-01 {in house check Oct-14) In house chack: Oct-15
Name F
- e 1
Approved by.
This calistabon carth shat ot be regroduced sxoept In full without writton appeoval of the laborsicry
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Calibration Laboratory of X - S
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Engineering AG 7 Servizio svizzero di taratura

Zoughausstrasse &3, 8004 Zurich, Switzeriand o 8. pites Citbration Servics

Accredied by 1he Swiss Acediation Senvice (SAS) Accreditation No.: SCS 108

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

Nultilateral Agr for the recognition of cality certificates

Glossary:

TSL tissue simulating liquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx.y.z

oceP diode compression point

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

ABCD modulation depaendent linearization parameters

Polarization ¢  rotation around probe axis

Polarization § 8 rotation around an axis that s In the plane normal to probe axis (al measurement center),

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
o NORM,y,z: Assessed for E-fieid polarization 8 = 0 (f <900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM.y.z are only intermediate values, i.e., the uncertainties of NORMx.y,z does nat affect the £ fiekd
uncertainty inside TSL (see below ConvF).

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

* DCPxy,z: DCP are numerical lineanzation parammassesaedbasodomhodatadpmsmpwlhm
signal (no uncertainty required). DCP does not depend on frequency nor media.

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

o Axyz Buyz Cxyz Dxy.z; VRyZ. A B, C, D are numerical linsarization parameters assessed based on
tfndataolpowv:weepforspedﬁcmoduuﬂondgml.Thoparametsrsdonotoepemdmfnquoncynor
media. VR is the maximum calibration range axpressed in RMS voltage across the dinde.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on power
measuremernits for { > 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
1o NORMx.y,z * ConvF whereby the uncerainty corresponds 10 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.

. Sphtncellsoaopy{aodovimfmlswﬂpy)'haheldollowgmdlmmdmhgsﬂatpfwm
exposed by a patch antenna.

. SorworOffset.mmsmoﬁsatcanspondswwuoﬂse(olwﬂwlmmmmulmumm
(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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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uVHVim)') 0.53 0.44 0.49 +10.1 %
DCP (mV)" 93.9 96.2 102.2
Modulation Calibration Parameters
uio c ication System Name A 8 [ 0 VR Unc~
a8 dBVpv d8 mv (k=2)
0 cwW X | oo 20 | 10 | 000 | 1480 | 30%
| ¥ 00 | 00 | 10 | 13490 |
I z| oo | oo | 10 | 1363 | |

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%.

* The uncertantios of NormXY Z 60 oot affect the E’-field uncaataiony ingide TSL (1ea Pages 5 and 6)
¥ Numerical Sneanzation paremulen unoprtainty not reguired

¥ Uncertainty is determingd using the max. deviglion from linear responss applying rectangutar GaUDUHON ANO 1S expressect for the square of the
finid value
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EX30V4- SN.3967 December 22, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)© Pamq' W ConvFX | ConwF Y | ConvFZ | Alpha® o(.u‘:-‘)u m
750 a1.9 0.89 10.18 10,18 10.18 0.80 0.61 +12.0%
835 415 0.90 8.75 9.75 9.75 0.80 0.61 2120 %
300 415 0.97 9.56 9.56 .56 0.39 089 | +120%
1450 40.5 1.20 B.40 8.40 8.40 0.32 0.91 £12.0%
1750 40.1 1.37 8.59 8.59 859 0.64 070 | £120%
1900 40.0 1.40 8,13 813 8.13 0.69 068 | £120%
1950 40.0 1.40 7.81 7.81 7.81 0.69 060 | +£120%
2300 305 1.67 7.57 7.57 7.57 0.51 0.76 | £120%
2450 39.2 1.80 7.16 7.16 7.16 0.50 077 | £120%
2600 380 1.96 6.86 6.86 6.8 0.40 092 | $120%
3500 378 291 7.10 7.10 7.10 0.41 095 | $131%
5200 36.0 4,66 5.07 5.07 5.07 035 180 | 213.1%
5300 359 478 4.88 4,88 4.88 0.35 180 | 2131%
5500 156 4.96 4.84 484 484 0.40 180 | £131%
5600 355 5.07 470 4.70 470 0.40 180 | +131%
5800 35.3 5.27 464 464 464 0.40 180 | #131%

‘Fmvmm:mwuauwoumauy-ppuaoaoasvw4mmuwm7).mnswm:5om¢:. The
Mm-mnsaamwmm-umﬁm.wmu y for the in y bana. Fraguency valkity
Deiow 300 MHZ Is = 10, 24, 40, 50 and 70 MHz for CoovF assessments at 30, 84, 128, 150 and 220 Mtz respectively. Above 5 Gz frequancy
validity con be extended 1o £ 110 MHz

* At trequencies below 3 GHz, the valdity of fissua parametars {c and o) can be relaxed to 2 10% ¥ Sguid compannation oMUz & apphed to
mmmmumm:cm.MMydumwmn(‘mommno:5& The unceranty is the RSS of
e ConvF uncertainty for iIndicated target lissue parametes.

“ AphaDaepth are detarmined during calibration. SPEAG warrants thet the remaining deviation due & the boundary sffect after compersabon is
m\mm:wtuwmaemmbebmnwmmumummummmnmw

diamener from the boundary
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth © Unct.

T(MHZ)C | Permittivity" (Sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 555 0.96 9.68 9.88 968 0.58 071 +12.0 %
835 55.2 0.97 9.55 9.55 9.55 0.80 0.58 +120%
1750 53.4 1.49 7.90 7.90 7.90 078 0.63 £120%
1800 53.3 1.52 7.58 7.58 7.58 0.49 0.82 +£120%
2300 529 1.81 7.37 7.37 7.37 0.80 0.63 +12.0 %
2450 52.7 1.95 7.10 7.10 7.10 0.73 0.66 +120%
2600 52.5 2.16 8,97 6.97 6.97 0,80 0.57 +12.0%
5200 490 5.30 4.50 450 4.59 0.45 1.90 +13.1%
5300 489 542 4.43 443 4.43 045 | 190 +131%
5500 48.6 565 | 402 4,02 4.02 0.50 1.80 | £131%
5600 48.5 5.77 385 3.85 3.85 0.50 1.90 £131%
5800 482 6.00 412 | 412 4,12 0,50 1.90 £131%

‘meqmmwu;momwywpmbrmsvuimm(mpapa.mmmnxnom The
\mculu«ynIMRSSdlmwaummyuwnmwthmmwhmmmmnmd Froguency vakidity
helow 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments af 30, 84, 128, 150 and 220 Mz respectively. Above 5 GHz Fegquency
validty can be extended 1o = 110 MHz
'N(mmm)w.mvmdmm(r.-nna)mbcmhndmz1o%liq.dwmfwmmnm¢ua|o
mmSAan.Mﬁwm:@k,hnﬁﬂyd!&wmmknﬂu)nmmm:5& The unceranty & tha RSS of
the ConvF uncortamty foc iIndicated target tissue pavameters

* AlphaiDepth are delermined during caibention. SPEAG that the jing (erdation dus 10 the boundsry sfinct after "
ahways less than = mmm«:um«.:mmmzmm'mmmmmemnmywmuwmwuumup
diamstar from the boundary
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz. TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAReaq)

(TEM cell , fo,u= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
1= B35 MHz WGLS RS (H_convf) f = 1900 MMz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
10 -08 -06 04 -02 00 02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3967

Other Probe Parameters

Sensor Arrangement , Trianguiar

Connector Angle (*) o " -16.4 |
["Mechanical Surface Detection Mode R enabled |
[ Optical Surface Detection Mode . disabled

Probe Overall Langth T s mm|
“Probe Body Diameter . 10 mm |
Tip Length amm
“Tip Diameter 25mm

Probe Tip 1o Sensor X Calibeation Point 1 T mm |

Probe Tip to Sensor Y Calibration Point 1 mm

Probe Tip to Sensor Z Calibration Point T mm |

Recommended Measurement Distance from Surface 1.4mm |
Certificate No: EX3-3967_Dec14 Page 11of 11
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Issue Date:
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Report No.

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, D004 Zurich, Switzeriand

Accrodited by the Swiss Accreditation Service (SAS)

The Swiss Accreditation Service Is one of the signatories 1o the EA
Muftitateral Agreement for the recognition of calibration centificates

Al colity have bean cond

Caltration Equipment used (METE crivcal for castration)

This calmtion contificate documents the traceabidty fo national standards, which realize the physical unss of maasurements (Si)
The measwemerts 2nd the unceainties weh conddance probatiity ane given on the following pages wnd are pert of the cerfcate

¥ 1ha cosad Whorasory faclity: environmaent temparature (22 £ 3)°C and hueidity < 70%

except i full without written soproval of the laborstory

Primary Stardards Cal Date (Certificate No ) Schacuied Caltration
Power meter E44 156 GB41293574 03.Apr-14 (No. 217-01811) Ape-15

Power sensor 44128 MY4 1408087 03-Apr14 (No. 217-01811) Apr-15

Reference 3 08 Attenuator SN 55054 {3c) O3-Apr-14 (No. 217-01815) Ape-15

|_Reference 20 dB Altencator SN: 85277 (20x) 03-Apr-14 (No. 217-0101%) Apr-185

Reference 30 dB Amanuston SN 55129 (30b) 03-Age- 14 (No. 217-01620) Age 15

Ref Probe ES30V2 SN 3013 30-Dec-13 (No. £53-3013_Dec13} Doc-14

DAE4 SN 660 13-Dec-13 {No. DAEA-860_Dectd) Dec-14

Starclards i CThack Date (n house) Sehaouled Check
RF g HP B548C USIB42U01700 4-Aug-29 {in house check Apr-13) n house chack: Apr-18
Network Analyzer HP 87538 LUS37380585 16-001-01 (0 house check Oct- 14) In house chack: Oc-15
Name Function

Caltsrated by WA 1 e lod | P T
Agproved by

Certificate No: EX3-3787_Novi4
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

Calibration Laboratory of

g S  Schweizerischer Kafibrierdienst
Schmid & Partner G Service suisse détalonnage
Engineering AG s Servizio svizzero di taratura
Zoughaussirasse 43, 8004 Zurich, Switzerdand Swiss Caliirution Sorvics
Accrecdited by te Swiss Accrodtaton Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx.y.z sensitivity in free space
ConvF sansitivity in TSL / NORMx,y.z
pce diode comprassion point
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent linearization parameters
Polarization ¢ o rotation eround probe axis
Polanzation & 9 rotation around an axis that & n the piane normal {0 probe axis (at measurement center),
l.e., § =0 is normal to probe axis
Connector Angle Information used in DASY system lo align probe sensar X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used In close
proximity 1o the ear (frequency range of 300 MMz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o NORMy.y,z: Assessed for E-figld polarization 4 = 0 {f < 900 MHz in TEM-cell, { > 1800 MHz: R22 waveguide)
NORMx,y.z are only intermediate values, i.e,, the uncertainties of NORMx,y,z does not affect the £ “_feld
uncertainty inside TSL (see below ConvF)

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

e DCPxy,z: DCP ata numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty requirad). DCP does nol depend on frequency nor media.

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

o Axyz Bxyz Cxyz Dxy.z VRxy.z A, B, C, D are numerical lineanzation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nof
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

« ConyF and Boundary Effect Parameters. Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for { < 800 MHz) and inside waveguide using analytical field distributions based on powsr
measuroments for { > 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 (o improve probe accuracy close to the boundary. The sensitivity in TSL coresponds

to NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
CanvF is used in DASY version 4.4 and hgher which allows extending the validity from + 50 MHz to £ 100
MHz.

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

« Sansor Offset. The sensor offset corresponds 1o the offsel of virtual measurement center from the probe tip
{on probe axis). No tolerance required

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

uncertainty required).
Centificate No: EX3-3767_Novi4 Page 2 of 11
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Manufactured:  April 5, 2011
Calibrated: November 19, 2014
Calibrated for DASY/EASY Systems
(Note: non-compatible with DASY2 system!)
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Issue Date:

Nov. 24, 2015

EXIDVA4- SN.3TS7

November 19, 2014

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

Basic Calibration Parameters

Sensor X SensorY Sensor Z Unc (k=2)
Norm (uVAVim))" 0.53 0.58 0.57 101 %
DCP (mV)” 97.9 97.3 954
Modulation Calibration Parameters
uio c lication System Name A 8 c D VR ’ Unc"
d8 | dBvuv ‘ d8 | mv {k=2)
0 cw X | o0 0.0 1.0 | 000 | 1544 | #30%
Y| 00 0.0 1.0 | | 1887 |
Z 00 | 00 10 | | 1714 |

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

* The uncertanties of NoemX.Y,Z 00 not atfect the E” feld uncenarty inside TSL (see Pages 5 and 6)

" Numernical inesnzation parameter LnCanamty not required

¥ Uncertainty is determined using the max. deviation from linsar responss applying rectangular distnbution and i expressed for the square of the
Peid value.
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EX30V4- SN:3Ta7 November 18, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

f (MHz) © m_«q' cu(”se“.:)'"v.' ConvF X | ConvFY | ConvFZ | Alpha® mﬂ m
150 52.3 0.76 11,03 11,03 11.03 0.00 100 | £133%
835 415 0.90 9.22 9.22 9.22 0.51 078 | +120%
200 415 0.87 8.96 8.96 8,96 0.66 068 | £120%
1750 40.1 1.37 .7 7.71 7.71 0.64 063 | +120%
1900 40.0 1.40 758 7.58 7.58 0.46 074 | +120%
1950 400 1.40 7.33 7.33 7.33 0.45 076 | £12.0%
2300 39.5 1.67 7.23 7.23 7.23 0.52 069 | £120%
2450 39.2 1.80 6.86 6.86 6.86 0.51 070 | 2120%
2600 39.0 1.96 6.70 6.70 6.70 0.43 079 | £120%
5200 36.0 4.68 4.86 4.88 4.88 0.35 180 | £131%
5300 359 4.78 4.71 4.71 47 0.35 180 | #131%
5500 356 4.96 462 462 462 0.40 180 | £131%
5600 355 5.07 450 450 4.50 0.40 180 | £131%
5800 353 527 l 442 442 4,42 0.40 1.80 | #1314 %

© Fraquency vahdity above 300 MHz of £ 100 Mz only applies for DASY w4 and higher (see Poge 2), eise |t is restricted 1o = 50 MHz. The
unoertainty Is the RSS of the ConviF uncananty at calibration frequency sed the uncentainty for the indcated frequency band. Frequency validity
balaw 300 MHZ is « 10, 25, 40. 50 aned 70 MRZ for ConvF assessmants at 30, 84, 128 150 and 220 MMz respectvely, Above 5 GHr fegquency
validity can be extended to + 110 MHz

' At froquencing betow 3 Gz, the validity of tissue parameters (& and o) can be reiaxed 10 + 10% ¢ igud formuia n 0
measured SAR vilues. Al frequencies atave 3 GHz, the validity of tissie parameters (¢ and o} is restncled 10 = 5%, The uncenanty is ihe RSS of
the ConvF uncartainty for indicated larget lissue

“ Aipha/Depth are determined during calibration. SPEAG warrants thet the femoining deviation Sue 1o the boundary effect after compensation is
awatys less than & 1% for frequencies befow 3 Gz and befow = 2% for requencies betwoen 3-6 GHz at any distance farger than half the probe tip

dametor from the boundary
Carficate No: EX3-37%7_Novi4 Page 5of 11
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EX3DV4- SN:3T97 November 19, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz)© pmw' cmw ConvF X | ConvFY | ConvFZ | Alpha® o(.-::)‘ m
150 619 0.80 10,65 10.65 10.65 0.00 1.00 £133%
835 552 0.97 9.15 915 | 915 0.65 0.72 +12.0%
1750 53.4 1.49 7.54 7.54 , 7.54 0.37 0.85 £12.0%
1900 533 1.52 7.23 7.23 7.23 0.73 0.61 +120%
2450 52.7 1.95 686 6.86 6.66 0.80 0.50 +12.0%
2800 52.5 2.16 6.68 6.68 6.68 0.80 0.50 £120%
5200 49.0 5.30 436 4.36 4.38 0.45 1.90 £131%
5300 489 542 4.17 4.7 4.17 0.45 1.90 £13.1%
5500 486 5.65 3.88 389 3.89 0.50 1.90 £131%
5600 485 577 373 373 3.73 0.50 1.90 £131%
5800 48.2 6.00 4.12 412 4.12 0.50 ] 1.90 £131%

© Froquency validity above 300 MHz of = 100 MHz only agoles lor DASY w4 and higher (see Page 2), slae I is restricied 1o 2 50 MHz. The
uncertminty is the RSS of the ConvF uncertarty at calibration freguancy ned the uncestainty lor the indcated fraguency band. Froguency validity
bedow 300 MHz i 2 10, 25, 40, 50 andd 70 MMz for ConF assessments st 30, 64, 126, 150 and 220 MHZ respectivaly, Above & GHz frequancy
valitity can be axtented 10 + 110 MMz

" At frequencies beow 3 GHz. he valkity of tssue parameders {c and o) can be relaxed to + 10% If Sgud compansation formeda & applied to
measued SAR values. AL reguencies above 3 GH, the valaly of tissus parsmaters (x and o) is restricted 1o = 5% The uncertainty is the RSS of
glcCumF mﬂwrﬂyﬂ-ﬂmp{lmm

are during 1 SPEAG warrants that the remaining deviation due 10 the boundary effect after compensation i
hwiys less than = 1% for frequancias below 3 Gz and below = 2% for frequences betwsan 3-6 GHz at sny dstance larger than haf the probe tip
damaetor from the boundary.
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EX3DV4- SN;3797 November 19, 2014
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial isotropy Assessment: £ 0.5% (k=2)
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Issue Date:

Nov. 24, 2015

EX3DV4- SN:3797

input Sigral [uV)

November 19, 2014

Dynamic Range f(SAR}cad)

(TEM cell , foyu= 1900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

EX30V4- SN.3TH7 Novernber 19, 2014

Conversion Factor Assessment

= 835 MH2 WGLS RS (H_comf) = 1800 MHz WGLS R22 (H_convF)
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(R abem
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Deviation from Isotropy in Liquid
Error (#, 9), f =900 MHz
g
-0 08 08 -04 02 00 02 04 D08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3797

Other Probe Parameters

Sansor Arrangement Triangular I
Connector Angle (%) 115
“Mechanical Surface Datection Mode " enabled |
Opfical Surface Detection Mode disatied |
Probe Overall Length 337 mm
| Probe Body Diameter 10 mm
Tip Length | T gmm
Tip Diameter 2.5 mm
“Probe Tip to Sensor X Calibration Point 1mm
Probe Tip lo Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point e 1 mm
Recommended Measurement Distanca from Surface 1.4 mm |
Certificats No: £X3-3797_Nov14 Page 11 of 11
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Issue Date:
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 3004 Zurich, Switzertand

Accrodited by the Swiss Accreditabon Service {SAS)
The Swiss Accreditation Service Is one of the signatorios 1o the EA
Multiateral Ags ot for the Q of callbration certificates

Caibration procedure(s) QA CAL-01:v3, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Tt ety A AN AR TS 1Ak e (7 W
Caliuration date August 28, 2014
Ths cabration cerficate documents the y o which resize (he physical units of measurements (S1)
The and tho with confidence pr y e gwen on the ‘ollowing pages and are pert of the catficate
All cal have been ¢ nmaameﬂummfxm:omwnmwmra(?)twc-wmdnwIm.

Caloration Equipment used (MATE cntical for cakibration)

Primary S 1D Cal Data (Cerifficsto No ) Scheduled Caltation
Power metar E44188 GH41260874 03-Ape-14 (No 217.01811) Apr-15
Powsr sensor E44124 MY4 1488087 03-Apr- 14 (No. 217-01911) Apr-15
et 398 A SN: 55054 {3} 03-Apr-14 (No 217-01915) Apr-15
Refetence 20 ¢B A 1 SN 55277 (20x) 03-Apr-14 (No. 217-01814) Apr-15
Reference X0 ¢B Anecualor SN: 55129 [Xib) 03-Apr-14 (No 217.01920) Apr-15

Probe ES30V2 SN_3013 30-Dec-13 {No. ES3.3011_Dec!3) Dec-14
DAE2 SN 880 | 13-Dwc-13 {No. DAE4.680_Dectl) | Dec- 14
Secondory Standaros D Chock Date (m house) hedulet Check
RF generator HP 8548C US3842U01700 4-Aug-99 [in house chack Apr-13) In house check: Ape-18
Nutwork Analyzer HP 8753E US37300585 18-Oct-01 (in house chach Oct-13} In houae chack: Ocl-14

. r a - - e
Issuad: August 26, 2094

This ¢ cartifi shall not be reproduced gxcept i full without weilen approval of the laborntory
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Calibration Laboratory of PN Schweizerischer Kalibrierdianst
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Engineering AG L g Servitiosvizzero & tarsturs

Zeughausstrasse 41, 8004 Zurich, Switzerand kl.ﬁ\ W Swisk Calibration Service

Accrodited by the Swiss Accredtation Seevice (SAS) Acceoditation No.: SCS 108

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

Multilatoral Agreement for the recognition of calitiration certificates

Glossary:

TSL tissue simulating Bquid

NORMx.y.z sansitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

pcp diode compression point

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

ABCD modulation depandent linearization parameters

Polarization ¢  rotation around probe axis

Polarization % # rotation around an axis that is in the plane normal 1o probe axis (at measurement center),

e, § =0 s normal to probe axis
Connector Angle Information used in DASY system to afign probe sensor X 1o the robot coordinate system

Calibration is Performed According to the Following Standards:

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

b} 1EC 522091, *Procedure to measure the Spedific Absorplion Rate (SAR) for hand-held devices used In close
proximity 1o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

o  NORMz y,.2: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; { > 1800 MHz: R22 waveguide)
NORMsx.y.z are only intermediate values, Le., the uncertainties of NORMx.y,z does not affect the E”-field
uncertainty inside TSL (see below ConvF).

o NORM{xy.z= NORMx.y.z * fraquency_response (see Frequency Response Chart). This linearization is
implemented In DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Convi®

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

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

o Axyz Bryz; Cry.z: Dxy,z; VRxy.x A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The paramaters do not depend on frequency nos
media. VR & the maximum calibration range expressed in RMS voltage across the diode.

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

« Spharical isotropy (3D deviation from isotropy): in @ field of low gradients reakzed using a fiat phantom
exposed by a paich antenna,

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

« Connector Angle: The angle is assessed using the Information gained by determining the NORMY (no

uncertainty required).
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z - Unc (k=2)
" Norm (uVAVIm)'Y" 0.41 0.36 0,56 101 %
oCP (mv)" 101.7 103.2 ‘ 98.1 |
Modulation Calibration Parameters
uio c ication Sy Name A B c o VR Unc™
- a8 |asviv| | 9B | wmv | (D) )
0 | CwW - X | 00 oo | 10 000 | 1252 | 27%
‘ Y 00 0.0 1.0 134.1
\ Z 00 | 00 1.0 | 128.7

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 lo a coverage
probability of approximately 95%.

A The uncenaintion of NormX.Y,2 do not affect the E”-lield uocemanty nside TSL (see Pages 5 and §)
"N | uncertainty rot regured

e max. denviahion from linear response applying recisnguiar datribution and & expressad for the squire of he

r pear
* Uncartainty is detarmined using
k! value
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EXI0VA- SN.3904 August 28, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

o e Relative 3 Calducﬁ'vlty 1 z Depth® Onet.
(MH2)® | Permittivity” | (Sim) ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
836 415 0.90 10.03 10.03 10.03 0.51 0.79 £120%
900 415 0.97 9.87 9.87 9.87 0.50 0.72 +120%
1450 405 1.20 8.69 8.69 869 0.27 1.05 +120%
1750 401 1.37 8.33 8.33 1 833 0.55 0.65 +120%
1900 40.0 1.40 811 8.11 an 0.76 0.56 £12.0%
1950 40.0 1.40 7.83 7.83 7.83 0.80 0.55 +120%
2300 39.6 1.67 7.70 1.70 770 0.53 0.68 $120%
2450 39.2 1.80 7.39 7.39 7.39 0.42 0.77 $120%
2600 390 186 722 T.22 122 046 0.74 £12.0%
5200 36.0 4.66 5.55 5.55 555 0.30 1.80 £13.1 %
5300 359 476 5.32 5.32 532 0.30 1.80 £131%
5500 358 4.96 5.05 5.05 505 0.35 1.80 £131%
5600 35.5 507 4 85 4.85 485 | 035 1.80 2131 %
5800 353 527 474 474 474 0.40 1.80 2131 %

= Frequancy validity above 300 MHz of » 100 MHz only nppies far EIASY w4 and hghar (see Page 2), else It is restricied 1o = 50 Mz, The
uncertaintty is the RSS of the ConvF uncedainty at caibeson frequency and the uncerainty for the indicated fraguency band. Frequency vaiidity
below 300 MMz is & 10, 25, 40, 50 and 70 MHz for Cornd assessments at 30, 64, 126, 150 snd 220 Mz respectively, Above § GHz ¥eguency
validity can be edsaded 10 £ 110 MMz

¥ At froquencies bolow 3 GHz, the vaiidty of tissue parameters {¢ and o) can ba relaxed to ¢ 10% # bgud formuta = appbod o
measured SAR values. At frequencies above 3 GHz, the valicity of tmaue peranselers (¢ 3nd o) s nestricted 1o x 5% The uncertwnty & ihe RSS of
the Convi uncevtainty lor indicatind laeget Iissue parameters

% AlphaDapth are determmined during calibeation. SPEAG watraets 1hat the remaining deviation due to the boundary affect after componsaton is
mhunun:S%mmmmsmmbebnz!'&kwhwnncmbnnm%@tu\mdﬂnmwg-mmnnﬂmmuo

dameter from ihe boundary,
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EX30DV4- SN:3903 August 28, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unct.
 t{MHz)® | Permittivity” (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® |  (mm) (=2) |
835 55.2 0.97 9.78 9.78 9.78 0.20 147 | £12.0%
1750 53.4 1.49 8.02 BO2 | BO2 0.42 085 | +120% |
1900 53.3 1.52 7.72 7.72 7.72 0.41 082 | £120% |
2300 52.9 1.81 7.59 7.59 7.59 0.80 060 | £120%
2450 52.7 1.95 7.28 7.29 7.29 0.80 057 | £120%
2600 52.5 216 7.21 7.21 7.21 0.80 050 | +120%
5200 49.0 5,30 4.75 475 | 475 0.45 180 | $#131%
5300 489 5.42 4.53 453 | 453 0.45 190 | +131%
5500 48.6 565 4.15 4.15 4.15 0.50 190 | £131%
5600 485 577 4.01 401 401 | 080 | 190 | s131%
5800 482 6.00 4.20 4.29 429 | 050 190 | £131%

© Fraquency valkdty above 300 MHz of £ 100 MHZ only appies for DASY va.4 and higher (see Page 2). elsa # is resincied to & 50 MHzZ. The
umm-uunssamc:mfmmwummammmmmmmmmyum Fraquency validity
beiow 300 MHz is ¢ 10, 25, 40, S50 #nd 70 MHz for Comf assesaments at 30, 64, 128, 150 and 220 MMz respectively Above 5 GHz frequency
vty can bo exdended 10 = 190 MMz
'thum:ﬂm.tmvddymmwm(:muymnmvﬂmw:lWlﬂwmmmmimwwﬁ
maasurad SAR vakses. Al raquencies above 3 GH2. the validity of Sesue paramanters (¢ and o) s restricted 1o = 5% The uncertainty m the RSS of
the CotwF uocedmnty for indicated target tissus paramiien:

“ Alpha/Depth are determined during casibration SPEAG warrants that the remaining deviabon due to the boundary effect after companssbon i
.mymummmumwmwowaouzuwodmgz%wmmmMammmmwmnmmmm

Gametal feom the boundary
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Issue Date:
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EX3DV4- SN:3903
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Froquency Response of E-field: £ 6.3% (k=2)
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Hs - N°
Receiving Pattern (¢), 3 =0
=600 MHz, TEM f=1800 MHz R22
- . A » &
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&
..... l 1 - ] jr z j‘ i
Rod [
|'r.|—.-1]c 1‘._-'v—.'.—'lv; BOU Mez byt '."'Ti‘-._-
Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SARez4)
(TEM cell , fouu= 1900 MH2z)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
{ = B35 MHz WGLS R9 (H_convF) [ = 1800 MHz WGLS R22 (H_convF)
1 !
" \_\‘ > . %
i . ’ i »
¢
; 1% ; |
.u‘-‘ cl x x - - - ‘(;1 L} " X > X = - “
z et Tr=s
L = e =,
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
.10 -08 08 04 02 00 02 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2,6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3903

Other Probe Parameters

Sensor Arrangement Triangular |
Connector Angle (%) T 352
Mechanical Surface Detecbon Mode enablad
Optical Surface Detection Mode = disabled
| Probe Overall Langth T 337mm
‘Probe Body Diamater 10 mm |
Tip Length o T 9mm
Tip Daameter 25mm
“Probe Tip to Sensor X Calibration Point ' T mm
Probe Tip to Sensor ¥ Calbration Point , 1 mm |
A — - ]
Probe Tip to Sensor Z Calibration Point 1mm |
Recommended Measurement Distance from Surface 1.4 mm |
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Report No.

All caltwations have been conducted in the cosed lab y faciity: wure (22 = 3)°C and hamidity < 70%
Calibeation Equipmeant used (MATE criical hor cadbration )

Frmary Standards D Cal Date {Certificate No ) Schecuied Catbraton
Power meter E44158 OB41293874 01-Ape-15 (No. 217.02128) Mar-18
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Ref 20 0B Anonuator SN S5277 (20x) 01-Apr-15 (N 217-02137) Mar-18
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Ret Probe ESIOVZ SN 3013 30-Dec-14 (Na ES3-3013_Deci4) Dec-15

DAE4 SN 660 14.Jan 15 (N0 DAEA-860_Jan15) Jan-16

S y Standards 1D Check Oaie [in house) Sched Chack
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Accrodited by the Swiss Accrediation Service (SAS) Accreditation No.: SCS 0108

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

Muitilateral Agreement for the recognition of calibeation certificates

Glossary:

TSL tissue simulating iquid

NORMx,y.z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y.z

ocp diode compression point

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

ABCD modulation depandent linearization parameters

Polarization ¢ p rotation around probe axis

Polarzation 4% § rotation around an axis that & in the plane normal 1o probe axis (at measurement center),
e, §=0is normal to probe axis

Connactor Angle Information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

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

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

¢) |EC B2209-2, "Procedure to detarmine the Specific Absorption Rate (SAR) for wireless communication davices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

Methods Applied and Interpretation of Parameters:

o NORMx,y.2 Assessed for E-field polarization § =0 (f < 900 MHz in TEM-cel, f > 1800 MHz: R22 waveguide)
NORMx.y.z are only intarmediate values, i.e., the uncertainties of NORMx,y,z does not affect the E™-field
uncertainty inside TSL (see below ConvF).

o NORM{Nx.y.z = NORMx.y,z * frequency._response (see Frequency Response Chart). This knearization is
implemented in DASY4 software versions later than 4.2. The uncertainty af the frequency response s Includad
in the stated uncertainty of ComvF

o DCPx,y.z: DCP are numerical lingarization 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 is not calibrated but determined based on the signal
charactenstics

o Axyz Bxy.z Cxyz Dxy.z VRxy.z A B, C. D ate numerical inearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
madia. VR is the maximum calibration range expreased in RMS voltage across the diode.

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distibutions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL corresponds
to NORMzx,y.z * ConvF whereby the uncerainty 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 fo £ 100
MHz.

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

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

« Connuctar Angle: The angle is assessed using the information gained by determining the NORMx (no

uncerainty required).
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EX30V4- SN-3863 August 27, 2015
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863
Basic Calibration Parameters i
\ = Sensor X _ Sansor Y SensorZ | Unc (k=2)
Jit?!'l'_.(y.\!l‘gw_mm" 0.37 0.35 045 [ 2100 % |
[ DCP (mV) 101.9 103.9 , 989 ]
Modulation Calibration Parameters o
uib Communication System Name A 8 c | o VR Unc"
) dB | dBVuv | a8 mV (k=2)
0 oW X | 00 00 10 | 000 | 1316 | 7%
y] oo 1 o0 [ w0 | RE N—
2| o0 | oo 10 1264

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

* The uncenpinbies of Norm X.Y.Z 0o not affect the E*-Neki uncentarty inside TSL (soe Pages 5 and 8)
" Numencal irmaczason paamater: uncetsinty not required
£ Uncertamty s detenmined using the max. deviabion irom Mnar 1esponse appiying eclanguisr Sistnbuian and m sxpressed for (e squive of (he

feld value
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EX30V4- SN 3883 August 27 2015

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth * Une

1(MH2)® | Permittivity (sim)" ConvF X | ConwFY | ConvFZ | Alpha® | (mm) (k=2)
150 523 0.76 11.89 11.89 11.80 0.00 1.00 £133%
450 435 0.87 10.31 10.31 10.31 017 | 130 +13.3 %
750 419 0.89 9.83 983 9.83 0.24 ! 1.21 £120%
835 415 0.90 9.46 9.46 9.48 0.2t | 130 | £120%
900 415 0.87 9.28 9.28 9.28 0.26 1.11 £120%
1450 40.5 1.20 8.31 8 31 : 8.31 015 1.81 +12.0%
1750 401 1.37 618 8.18 8.18 0.36 0.90 £12.0%
1900 40.0 1.40 7.84 7.84 7.84 0.21 1.07 £120%
1050 40.0 1.40 ] 7.60 7.60 7.60 0.31 0.80 £120%
2450 392 1.80 7.04 7.04 7.04 0.27 0.98 +12.0 %
26800 39.0 1.96 6.84 6,84 6.84 0.27 1.04 £ 12.0 %
3500 37.9 29 677 677 6.77 0.38 1.06 £131%
5250 359 4.71 494 4.94 4.94 0.35 1.80 £13.1 %
5600 355 507 4.44 4.44 444 | 045 1,80 $131%
5750 354 522 4.65 4.65 465 045 1.80 £13.1%

"~ Froquancy vaklidity above 300 MHz of 2 100 Mz anty applios for DABY wi 4 and higher (see Page 2) els\olmmmnrsomu Trw
uncenanty 15 the RSS of the Comvi’ uncertairity st calbvation frequency and the uwncenainty for the y hand. Froquency vakdty
Detow 300 M2 is £ 10, 25 40, 50 and 70 MHz for Conn sssesaments at 30, 64, 129, 1wwmmm Abwcbciuhmnl:y
ukﬂcymuomw 110 MHZ

" Al frequencies bolow 3 GMz, the varldity of tissue parametens (x and o) can be relaeed 10 ¢ 10% If igua comp formuln 18 eppled 10
measured SAR values. Al ¥egquencies above 3 GH2. the validity of fssue pacumeters (v and a) i restricted o + 5% Yhounuﬂanymh-%s:ﬂ
NWWtumwuwmwmm

B AlpraDepin ure detarmined dunng calitration. SPEAG warrants f1al the remanng cewason due 10 the boundary offect after compensatian

Sways 285 than + 1% for frequencios belew 3 GHz and bielow 2 2% fof Fegquancies between 3-6 GHz &t any datance larger than half the orobe Sp

damuler fiom the boundary
Cortificate No; EX3-3883_Aug15 Page 5 of 11
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 210 of 281
of KOREA 0

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EX3DV4.- SN.3863 August 27, 2015

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unc
1(MHz)® | Permittivity' (sim)’ ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (=2)
150 619 0.80 11.68 11.68 11.68 0.00 100 | +133%
450 56.7 0.84 10.67 10.67 10.67 0.10 120 | +£133%
750 | 55.5 0.96 0.76 9.76 9.76 0.25 116 | £120%
835 55.2 087 | 940 940 | 940 0.23 144 | £120%
1750 53.4 1.49 7.73 7.73 7.73 0.24 1.01 +120%
1800 533 1.52 7.48 7.48 7.48 0.39 080 | £120% |
2450 52.7 1.85 7.11 7.11 7.1 0.31 080 | £120%
2600 525 216 697 | 697 6.97 0.33 080 | £120%
5250 489 5.36 444 | 444 448 | 040 | 190 | £13.1% |
5600 48.5 5.77 arr | 377 3.77 0.50 190 | £131%
5750 483 5.94 4.08 4.08 408 | 050 190 | £131%

* Froquency validty stiove 300 Mz of 3 100 Mz onty uppias for DASY v4.4 and highes (see Page 2), else # i restricted (o = 50 MMz The
uncensinty i the RSS of the Coon® uncantainty at calbration frequency and the uncertainty for tha indicaied frequency bend. Fraquency valdiy
below 300 MH2 (s + 10, 25, 40, 50 and 70 Mz for Gonv- sasesaments at 30, 64, 128, 150 and 220 MHZ respectively. Abowe 5 GHz equency
valcity can bs exiended o = 110 Mie

" Al frequencies bolow 3 GHZ, the vaaity of tissce paramoters (¢ 8nd ) can be relaxed 1o 2 10% If liquid compensation formula is appled 10
measures SAR values. A frequencies above 3 GHz, the validity of Sssue parameters (v and =) s restricted 10 £ 5% The uncertanty is the RSS of
the ConvF uncertainty for indicaled turget besue porameters

Y Alpha/Depth are determined duting callbraton. SPEAG wamants that the remaning deviation dus 10 the boundary effect afler Comparaston is
alwarys hess than £ 15 for fequercies below 3 GHz and below ¢ 2% for frequencies between 3-6 GHz ot any datance inrger than had the prabe i
diameter from the Doundary

Centiicate No: EX3-3863_Aug15 Page 6of 11

HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 211 of 281
of KOREA 0

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCO,LTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
EXIOVA-. SN:3863 August 27, 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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EX30Va- SN.3863 August 27, 2015

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
%" :!54»!._, ;-;-l--.;“,;.—4;!"”"3'"‘ai‘-%—:;.;vt—i s
E !

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

Certificate No: EX3-3863_Aug1s Page 8of 11

HCT CO., LTD.
74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.

of KOREA 213 of 281
HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401

Report No.



HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Nov. 24, 2015
EX3I0V4- SN;3863 August 27, 2015
Dynamic Range f(SAR}caq)
(TEM cell , fouu= 1900 MH2z)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:3863 August 27, 2015

Conversion Factor Assessment

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

-}
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¥ i

Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN.3BE3 August 27, 2015

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

Other Probe Parameters

“Sensor Arrangement Trangular |
| Connector Angle (*) | 105.3 |
| Mechanical Surface Detection Mode | enabled
Opticai Surface Detection Mode disabled |
| Probe Overall Length I 337 mm |
[‘Probe Body Diameter | 10 mm “
[ Tip Length g mm J‘
Tip Diamater 25 mm ‘
Probe Tip 1o Sensor X Calibration Point 1 mm |
| Probe Tip to Sensor Y Calibration Point o | 1 mm {
i Probe Tipto Sensor Z Calibration Pont 1 mm |
i Recommended Measurement Distance "UT Surface 14 ml
Cerificate No, EX3-3863_Aug15 Page 11 of 11
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Calibration Laboratory of Schwetzerischor Kalibriardienst
Schmid & Partner Service suisse d'étalonnage
Engfneen'ng AG Servizio svizzero dl tarsturs
Zoughaussirasse 43, 8004 Zurich, Switzerland Swias Calibration Service

Accredited by he Swiss Accreditation Service (SAS)
The Swiss Accreditation Service ks one of the signatories to the EA

Multilateral Ag

for the

ciet  HCT (Dymstec)

Accraditation No.: SCS 108

gnition of calibration certificates

Cartificate No: D750V3-1014_Jul14

CALIBRATION CERTIFICATE
Otject D750V3 - SN: 1014
Caliteation procedursds) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Cadibration dste July 24,2014

Calbration Equipment usad (MATE ontical for calibrafion)

This calibeation cenfficats documents The traceability to national standards, which reakze ihe physical units of measurements (S
Tha measurements and the uncertaliims with confidence probabity aro given on the followang pages and arm pan of the ceniicate.

All calibrations have boan conducted In 1he closed labormory tacility: émveonmant temperature (22 = 3)°C and humichty < 0%

Primary Standards D# Cal Date (Cortificate No.) Scheduled Castation

Pawer meter EPM-442A GB3ITL60704 09-Oct-13 (No. 217-01827) Oct-14

Powar sansor HP 84814 US37202783 09-0c1-13 (Na. 297-01827) Oct-14

Power sonsor HP 84814 MY41082317 09-0ct13 (No. 217-01828) Oct-14

Aatarence 20 dB Altenuator SN 5063 (20k) 03-Apr-14 (Na. 237-01918) Apr-15

Type-N mismatch combination SN: 85047 2/ 06327 03-Apr-14 (No._ 217-01821) Apr-15

Ralsrencs Probe ES3DV3I SN: 3205 30-Dec-13 (No. ES3-3205_Dect3) Dec-14

DAES SN 601 30-Apr-14 (No. DAES-£01_Apri4) Ape-5

Secondary Standards 10# Check Date (in house) Scheduled Chack

AF ganormtor RAS SMT-08 100005 04-Aug 98 {In house chack Oct-13) In housa check: Oct-16

Network Analyzer HP 8753E | USST360585 S4206 1800101 (n house check Oct-13) In housa check: Oct-14
Neams Function

Caliveatad by Claudio Leubler Laboratory Technician

Approved by: Katja Pokavic

This colbration cerificale shall not be reproduced @xcapt In tull withaut witten epproval of tha laboratory

lusuad: July 24, 2014

Cortificate No: D750V3-1014_Jul14
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HCTCO,LTD
FCCID: ZNFH815PX Issue Date: Nov. 24, 2015

Calibration Laboratory of Schwelzerischer Kalibriordienst

Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swina Calibration Service

Accredied by the Swiss Accredtation Seevice (SAS) Accreditation No.: SCS 108

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

Multilateral Agr for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) 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.

« 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.

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
conneclor,

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

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

Cetificato No: D750V3-1014_Jul14 Page20l 8
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FCCID: ZNFH815PX Issue Date: Nov. 24, 2015
Measurement Conditions
DASY system configuration, as far as not given on pags 1
DASY Version DASYS vs288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5mm
Froquency 750 MHz = 1 MHz
Head TSL parameters
The following parametars and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.89 mho/m
Measured Head TSL parameters (22.0+02)"C 412:6% 082 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 measurad 250 mW input power 214 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 8.31 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 1.40 Wiy
SAR for nominal Head TSL parameters normadized to 1W 5.47 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parametars 220°C 555 0.96 mhao/m
Measured Body TSL parameters (22.0+£02)"C 539+6% 1.00 mho/m =+ 6 %
Body TSL temperature change during test <05°C e —
SAR result with Body TSL
SAR averaged over 1 cm® (1 @) of Body TSL Condition
SAR measured 250 mW input power 2.24 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8,63 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 148 Wiy
SAR for nominal Body TSL parameters normalized to 1W 5.75 Wikg = 16.5 % (k=2)
Conificate No: D750V3-1014_Jul14 Page 3of 8
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FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5420+25Q
Return Loss -266dB

Antenna Parameters with Body TSL

impedance, transformed to fead point 4840+03Q
Return Loss -434 dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) [ 1,037 s |

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

The dipole is made of standard semirigid coaxial cable The center canductor of the feeding line is directly connected 1o the
second armm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipcles, small end caps
are added 1o the dipole arms In order 10 improve matching when loaded according to the position as explained n the
*Measuremant 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 soiderad connections near the

feedpoint may be damaged,
Additional EUT Data
Manutactured by SPEAG
Manufactured on March 22, 2010
Certificate No: D750V3-1014_Jui14 Paged of 8
R HCT CO., LTD.
eport No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.
of KOREA 221 of 281

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

DASY5 Validation Report for Head TSL

Date: 24,07.2014
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; 6 = 0.92 S/m; g, =41.2: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANS] C63.19-201 1)

DASYS52 Configuration:
e Probe: ES3DV3 - SN3205: ConvF(6.37, 6.37, 6.37); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOPA9AA: Senal: 1001

e« 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 grid: dx=5mm, dy=5mm, dz=5mm

Reference Vulue = 53.98 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.23 Wikg

SAR(1 g) = 2.14 W/kg; SAR(10 g) = 1.4 W/kg

Maximum value of SAR (measured) = 2.52 Wikg

i
v
180
“«m
i
"m
-15.08

0dB =252 W/kg =4.01 dBW/kg
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Issue Date: Nov. 24, 2015

Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 17.07.2014
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: { = 750 MHz: o = 1 S/m: g, = 53.9: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.13, 6.13, 6.13); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Senal: 1001

« DASYS2 52.8.8(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=5mm, dy=5mm, dz=5mm

Reference Value = 52.83 V/im; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,28 Wrkg

SAR(] g) = 2.24 W/kg: SAR(10 g) = 1.48 W/kg

Maximum value of SAR (measured) = 2.61 W/kg

dB
0
-2.40
-4.80
-1.20
-9.60
-12.00
0dB =261 Wikg=4.17 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Otyect

Calibeation procedure{s)

Calitrstion date

D835V2 - SN: 441

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

January 23, 2015

Caltiration Equipment used (METE exitical tor callbension)

This catwstion cenificste documents the traceatiity 1o national standards, which reallze the physical unis of measurements (S1),
The measurémeants and the uncanainties with confidence probabiity are givan on tha following pages and are part of he contificate.
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Calibration Laboratory of

r S  Schweizerischer Katibrierdienst

Schmid & Partner Service suisse &étalonnage
Engineering AG C  servisio swisawo & tecaturs

Zoughausstrasse 43, B0D& Zurich, Switzariand S Swiss Calibration Service

Acoredited by the Swiss Accreditation Service (SAS) Accroditation No,: SCS 0108

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

Multiiateral Ag for the recognition of calibration centificates

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

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! o the body axis,

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

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

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

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

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

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

DASY system configuration. &s far &s not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220+02)"C 41526% 0.83 mha/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 2.36 Wikg

SAR for nominal Head TSL paramatars

normalized to 1W

9.21 Wkg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL condition

SAR measured 250 mW input power 1.54 Wikg

SAR for nominal Head TSL parameters narmmalized to 1W 6.04 W/kg = 16.5 % (k=2)
Body TSL parameters

The following paramaterss and calculations were applied
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 552 0.97 mho/m

Measured Body TSL parameters (220:02)"C 558+6% 1.01 mho/m 26 %

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 240 Wig

SAR for nominal Body TSL parameters normalized to 1W 9.34 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW Input powes 1.57 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 6.14 Wikg = 16.5 % (k=2)
Cerificate No: D835V2-441_Jani5 Page 3ot 8
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 51.702-1.0iQ
Retumn Loss -34.0d8

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 4720-27 112
Return Loss -279d8

General Antenna Parameters and Design

| Esectrical Detay (one direction) | 1.369 ns

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

The dipolo is made of standard semirigid coaxial cable. The center conductor of the feeding fine is directly connected 1o the
sacond arm of the dipole. The antenna is therelore shont-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.
No excessive force must be applied to the dipole arms, bacause they might bend or the soldered connections near the
feedpaoint may be damaged.
Additional EUT Data

Manufactured by SPEAG

Manufactured on March 09, 2001
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DASYS5 Validation Report for Head TSL
Date: 22.01.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V 2: Serial: D835V2 - SN: 441
Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: f = 835 MHz; 0 =0.93 S/m: & =41.5; p = 1000 kg/m'
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)
DASY52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(6.2, 6.2, 6.2); Calibrated: 30.12.2014;

» Sensor-Surface: 3mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 4.9L; Type: QDDOOP49AA; Serial: 1001

» DASY52528.8(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=3mm, dz=5mm

Reference Value = 56.43 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.49 W/kg

SAR(1 g) = 2.36 W/kg: SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 2.76 W/kg

1

d8
0

-2.40

-4.80
-7.20
-9.60
-12.00
0dB =276 Wikg=44] dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 23.01.2015
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE35V2 - SN: 441

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

Medium parameters used: f = 835 MHz; o = 101 S/m; & = 55.8; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
o  Probe: ES3DV3 - SN3205; ConvF(6.17, 6.17, 6.17); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
» Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA; Serial: 1001

« DASYS5252.8.8(1222); SEMCAD X 14.6.1(0(7331)

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

Reference Value = 54.59 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.53 W/kg

SAR(1 g) = 2.4 W/kg; SAR(10 g) = L.57 W/kg

Maximum value of SAR (measured) = 2,80 W/kg

a8

0

-2.40

-4.80

-7.20

‘8.60

-12.00

0dB =280 Wikg =4.47 dBW/kg
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Impedance Measurement Plot for Body TSL
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Accradited by the Swiss Acoditation Service (SAS)
The Swiss Accreditation Service is one of the signatoties 1o the EA
Multilateral Agreement for the recognition of calibration certificates

cient  HCT (Dymstec)

Accreditation No.: SCS 0108

Certificate No: D1800V2-2d007_Feb15

February 19, 2015

Calibration Equipment used (MATE critical for calibration)

Primary Standards |0y

CALIBRATION CERTIFICATE
Obyoct D1800V2 - SN: 2d007
Calbration procedure(a) QA CAL-05.v8
Calibration procedure for dipole valldation kits above 700 MHz
Calibration date

This calibration cedilicale documants the traceability to natonal standards, which reallze the physical units of measuremonts (S1).
The messuresnents and the uncertaintins with confidence probabdity are given on the following pages and ane pant of ihe cenifioals.

All cdbrations have been conducied In the closed laboratory faclity. snvironment lemperature (22 = J¥C and humidty < 70%

Cai Data (Certificase No.) Schedued Calbrtion
Powar meter EPM442A | GB374B0704 07-Oct-14 (No. 217-02020) Oct15
Power sensce HP B4B1A | USa7202783 07-Dct-14 (No. 217-02020) Ocs-15%
Power sennor HP 8481A ; MY41092317 07-Oct-14 (No. 217-02021) Oct-18
Ralarence 20 dB Attenuator | BN: 5058 (20%) 03-Apr-14 (No. 217-01818) Apr-1%
Type-N mamatch combination isn,sou?fmw 03-Apr-14 (No, 217-01621) Apr1%
Raferance Probe ES3DV3 | SN: 3205 20-Dec-14 {No. ES3-2205 Doct4) Dec-15
DAE2 | SN 80 18-Aug-14 (No. DAES-601_Aug1e) Aug-15
Secondary Standards {103 Check Date (in house) Scheduled Chock
AF generatar R&S EMT06 100005 O4-Aug-39 {in house check Oct-13) In house check: Oct-16
Network Analyzes HP B753E | US37380585 S4206 15-Oct-01 (In house check Oct-14) In house check. Oct-15
Name Functon
Caitvnted by: Michasl Weber Laboratory Technician ?%_
.
Approved by Katjn Pokovic Tachrical Manager

e

Issued! Febeuary 20, 2015

This calitvation certificals shall not be reproduced excent in full withaut weitten aporoval of the labotaiony
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Calibration Laboratory of SO, Schvaiatisriecher Kot
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Engineering AG g C' sarvisto svizmiro i tarsiurs
Zeughausstrasse 43, 8004 Zurich, Switzerland Y /’ﬁ_\‘\\? S  swiss Calibration Service
Accrodied by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accroditation Sarvice is one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificatas

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

* Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The 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 1o 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%.

Cortificatn No: D1800V2-23007_Feb15 Page 2of 8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 235 of 281
of KOREA 0

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCT COLLTD
FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantorn
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraquency 1800 MHz = 1 MH2z
Head TSL parameters
The following parameters and calculations wers applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mho/m
Measured Head TSL parameters (220:02)"C 3B7:6% 144 mhoim =8 %
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 9.82 Wikg
SAR for nominal Head TSL parameters normalkized to TW 368.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 512 Wikg
SAHA for nominal Head TSL parameters normalized to 1W 20.2 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)"C 517+26% 153mhoim =86 %
Body TSL temperature change during test <05°C - —_—
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measurad 250 mW input power 9.67 Wikg
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 measured 250 mW Input power 510 Wikg
SAHR for nomenal Body TSL parameters normakized o 1W 20.3 Wikg = 16.5 % (k=2)
Certificate No: D1800V2-20007_Feb15 Page30f8
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL

impedance, transformed 10 leed point 4730Q-69 K2
Retum Loss -224d8

Antenna Parameters with Body TSL

Impedance, transformed to faed point 4380-710
Retumn Loss -200dB

General Antenna Parameters and Design

I Electrical Delay (one direction) ] 1204 ns J

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

The dipole ks made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is theretore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms In order 1o improve matching when loadad 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 1o the dipole amms, bacause they might bend or the soldered cannections near the
feedpoint may be damaged
Additional EUT Data

Manufactured by SPEAG

Manutactured on July 23, 2001
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DASYS5 Validation Report for Head TSL
Date: 19.02.2015

Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1800 MHz; Type: DISO0OV2; Serial: DISO0OV2 - SN: 24007
Communication System: UID 0 - CW; Frequency: 1800 MHz )
Medium parameters used: = 1800 MHz; o = 1.44 S/m; g = 38.7; p = 1000 kg/m™
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2011)
DASY52 Configuration:

» Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2014;

o Sensor-Surface: 3mm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibruted: 18.08.2014

« Phantom; Flat Phantom 3.0 (front); Type: QDODOPS0AA; Serial: 1001

o DASY5252.88(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=5mm

Reference Value = 9545 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 18.2 Wikg

SAR(I g) = 9.82 W/kg; SAR(10 g) =5.12 W/kg

Maximum value of SAR (measured) = 12.4 W/kg

dB

0

-4.00

-8.00

-12.08

-16.00

-20.00

0dB =124 Wikg= 1093 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.02.2015
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1800 MHz; Type: DISOOV2; Serial: DIS0OV2 - SN: 2d007

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

Medium parameters used: = 1800 MHz; o = 1.53 S/m; &, =51.7; p= 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.77,4.77, 4.77); Calibrated: 30.12.2014;
o Sensor-Surface: 3mm (Mechuanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (buck): Type: QDOOOPS0AA; Serinl: 1002

» DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 93.07 V/m: Power Drift =0.01 dB

Peak SAR (extrupolated) = 16.9 W/kg

SAR(1 g) = 9.67 W/kg: SAR(10 g) = 5.1 W/kg

Maximum value of SAR (measured) = 12.1 Wikg

d8
0
-3.80
-1.60
-11.40
-15.20
-19.00
0dB=12.1 Wikg = 10.83 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of o, Schweizorischer Kalibriordienst
Schmid & Partner — sm-:u«umgo
Engineering AG S Servizlo svizzero d taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland N Swiass Calibeation Service

Ml

Accreditod by the Swiss Accruditation Service (BAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muttitateral Agreemant for the recognition of calibration certificates

cient  HCT (Dymstec) Cortificate No: D1900V2-5d061_Jul14

CALIBRATION CERTIFICATE
Otsact D1900V2 - SN: 5d061
Calibeation procedurads) QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz
Calibewtion dalo: July 23, 2014

This calibration canificate documents 1he traceatxlity to national standards, wivch realae the physical units of measuremants {S1)

The maasurements and the uncentainties with confidence probabilty are given on the following pages and ace pan of the cerndicate.
|
| A2 calibentions have besn conductad In the closed laboratory facility: environment temperature (22 1 3)°C and humidty < 70%

Callbration Equgment used (MATE criticad for calitration)

This castration conificate shall nol be reproduced excent in full without witien approval of the laboratory,

Prnmary Si 0s Cal Dme (Cersficate No ) Schedused Calibration

Power meter EPM-442A GHEIT48074 09-0ct-13 (Np. 21701827) Oct 14

Powet sensor HP BABIA US372e2783 09-0ct-13 (No. 2A7-0827) Oct-14

Power sunsor HP BLB1A MY&1062317 09-Oct-13 (No. 217-01828) Oct14

Aeforonce 20 dB Atlenualor SN: 5058 (20k) 03-Apr-14 (No. 217-01018) Apr1s

Type-N mismatch combination SN: 5047 2/ 08327 03-Apr-14 (No. 217-01521) Apr15

Roterance Probe ESSDVS SN: 32056 30-Dec-13 (No. ES3-3205_Dec13) Dec-14

DAE4 SN 6 30-Apr-14 (No. DAES-OGO1_Aprid) Apr-15

Secontary Standirds 1Ds Check Dals (n house) Schaduisd Chack

RAF genarator RAS SMT-06 100005 04-Aug-80 (In house chack Oct-13) in house chock: Oct-16

Notwork Analyzor HP B253E USI7390585 54206 18-0ct-01 (In house check Oct-13) in house check: Oct-14
Name Signature

Calibratod by Jeton Kastras

Aoproved by Katjn Pokovic

Issued. July 23, 2014

Certiicate No: D1800V2-50061_Jul14
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Calibration Laboratory of S0, Schweizerischer Kalibrierdienst

Schmid & Partner % S Service suisse d'étalonnage
Engineering AG i C  gervisko svicawo & tarsturs

Zeughausstrasse 43, 8004 Zurich, Switzerland % ,'ﬁ_@? S swiss Calibration Service

Accrediied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Multilaterai Agresment 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) |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

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 centificate. 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
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 1o 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 an page 1.
DASY Version DASYS v528.8
Extrapolation Advanced Exirapotation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz = 5mm
Frequency 1900 MHz + 1 MH2
Head TSL parameters
The following parameters and calculations wese applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.0 1.40 mho/m
Measured Head TSL parameters (220+02)°C 395+6% 1.38 mho/m =6 %
Head TSL temperature change during test <05°'C - —eee
SAR result with Head TSL
SAR averaged aver 1 em’ (1 g) of Head TSL Condition
SAR moasured 250 mW input power 10.1 Wikg
SAR for nominal Head TSL paramaters normalized 1o 1W 40.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’® (10 g) of Head TSL condition
SAR measured 250 mW input power 520 Wikg
SAR for nominal Head TSL parameters normalized to 1W 21.2 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)"C 525:6% 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 Caondition
SAR measured 250 mW input powar 10.2 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.8 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measured 250 mW input power 5.39 Wikg
SAR for nomanal Body TSL parameters normalized to 1W 21.6 Wikg = 16.5 % (k=2)
Certificate No: D1800V2-50061_Jul14 Page 308
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Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point S11Q+682K2
Ratumn Loss -242d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4720+702
Retumn Loss ~222dB8

General Antenna Parameters and Design

| Etectricai Delay (one direction) | 1193 ns ]

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

The dipole is mada of standard semirigid coaxial cable. The center conductor of the leading line is directly connected to the
second arm o the dipole. The antenna is therefore shont-circuited for DC-signals: On some of the dipoles, small end caps
are added to the dipole arms in order (o improve maiching when loaded according to the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. Tha overall dipole length is still

according 1o the Standard.
No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the
teedpoint may be damaged
Additional EUT Data

Manufactured by SPEAG

Manufactured on Decambet 10, 2004
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DASYS5 Validation Report for Head TSL

Date; 23.07.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061

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

Mcdium parameters used: f = 1900 MHz: o = 1.38 S/m; g = 39.5; p = 1000 kg/m'
Phantom section: Flat Section

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

DASYS52 Configuration:
o Probe: ES3DV3 - SN3205; ConvF(5.06, 5.06, 5.06); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
¢ Electromes: DAE4 Sn601; Calibrated: 30,04.2014
o Phantom: Flat Phantom 5.0 (from); Type: QDOOOPSOAA; Serial: 100]

« DASYS5252.8.8(1222); SEMCAD X 14.6.1(7331)

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

Reference Value = 99.40 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 18.6 W/kg

SAR(I g) = 10.1 W/kg: SAR(10 g) = 5.29 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

dB
0
-4.00
-8.00
-12.00
-16.00
-20.00
0dB =129 W/kg=11.11 dBW/kp
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 23.07.2014

Test Laboratory: SPEAG, Zurich, Swatzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d061
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: f= 1900 MHz: o= 1.51 S/m; £ =32.5; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Stundard: DASYS (IEEE/AIEC/ANSI C63.19-2011)
DASY52 Configuration:

o Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76); Calibrated: 30,12.2013;

o Sensor-Surface: 3mm (Mechamcal Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 30.04.2014

« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002

o DASYS52352.8.8(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=Smm, dz=5mm

Reference Value = 96.22 V/m; Power Drift =-0.01 dB

Peak SAR (extrupolated) = 17.8 Wikg

SAR(1 g) = 10.2 W/kg: SAR(10 g) = 5.39 W/kg

Maximum value of SAR (measured) = 12.9 W/kg

d8

0

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =129 W/kg=11.11 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of 5«‘:'1";7-.,,’ S Schweizerischer Kalibrierch
Schmid & Partner N—] Service sulsse d'étalonnage
Engineering AG % C - ervisio svicewo & teratars
Zoughaussirasse 43, BODA Zurich, Switzoriand % ,‘ﬁ_\‘\\? S swiss Calibration Service
Accrediied by tha Swiss Accredtation Sorvice (SAS) Accreditation No.: SCS 108

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

cient  HCT (Dymstec) Certificate No: D2450V2-743_Jul14
CALIBRATION CERTIFICATE

Otject D2450V2 - SN: 743

Calibetion prooachrais) QA CAL-05.v8
Calibration procedure for dipoie validation kils above 700 MHz

Cafibration date July 24, 2014

This calibration certificate documents e Taceadiity to national standards, which realize the physical unite of measurements (S1)
The measuraments and the uncedaintias with confidencs prababiity are given on the following poges and are par of the cerlificate.

All calibrations have been conducted In the closed laboratary lacilty: anvirommant tlmmparature (22 = 3)°C and humidty < 70%

Calibration Equpment used (MATE critical for calmbon)

Primary Standards {1Io# Cal Date (Corificate No ) Schedusod Calbratian
Power mater EPIA-4424 :aa:uaomc 08-Oct-13 (No. 217-01627) Oa-14
Power senscr HP B4B1A Us37292785 09-Oct-13 (No. 217-01827) Oct-14
Power sensor HP BABTA MY41002317 09-0ct-13 (No. 217-01626] Oct-14
Reterence 20 d8 Attonuator SN: 5058 (20) 03-Apr-14 (No. 217-01916) Apr15
Type-N mismatch comiination SN: 50472/ 06377  03-Apr14 (Mo, 217-01821) Apr-18
Roference Probe ESIOVI 8N: 3208 30-Dec-13 {No. ES3-3205_Dect3) Dec-14
DAEq SN 60% 30-Apr-14 (No. DAE4-601_Aprid) Apris
Secandary Standargs lioe Check Date {in house) Schedued Check
AF genorslor RAS SMT-08 | 100005 04-Aug-99 (1 house check Oct+13) in houss check: Oct-16
Network Analyzor HP 87536 | US37300585 54206  18-0ct-01 (in house eheck Oct-13) In house check: Oct-14
/
Name Function | 8
Calitwased by: Claudio Lautie Laboratory Techmcimn

Approved by Kt Pokavic Techrical Managee W

Issuad: July 25, 2014

This calibration cerdificate shall not be reproduced except In full without witien enproval of the laborasory
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FCC ID: ZNFH815PX

Issue Date: Nov. 24, 2015

Calibration Laboratory of S,
Schmid & Partner S

Engineering AG L —
Zaoghlgl:u'nnu?s, 8004 Zurich, Switzerland "-,,,'/,‘\\/\“\?

Accrediied by the Swiss Accreditation Servce (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Muttilateral Agr for the gnition 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:

G Schwetzerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accreditation No.: SCS 108

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.

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

parallel to the body axis.

* Feed Point Impedance and Retumn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low

reflected power. No uncertainty required.

» FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.

No uncertainty required.

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

Centificate No: D2450V2-743_Jultd Page 20l 8
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 251 of 281
of KOREA 0

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFH815PX

Issue Date: Nov. 24, 2015

Measurement Conditions
DASY systorn configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The foltowing parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 382 1.80 mha/m
Measured Head TSL parameters (220=:02)°C 378:68% 1.85 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 Candition
SAR measured 250 mW input power 13.6 Wia
SAR for nominal Head TSL parameters nomalized to 1TW 53.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.28 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.8 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 52.7 1.95 mho/m
Measured Body TSL parameters (2204 02)"C 506 +6% 2.03 mhoim + 8 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.2 Wikg
SAR for nominal Body TSL parametars normakized 1o 1W 51.3 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 6.07 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 23.8 Wikg = 16.5 % (k=2)
Certificate No: D2450V2-743_Jul14 Page 3 of B
HCT CO., LTD.
Report No. 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep. 252 of
of KOREA of 281

HCT-A-1510-F001-2

TEL: +82 31 645 6300

FAX: +82 31 645 6401



HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

Appendix (Additional assessments outside the scope of SCS108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed point 532044510
Retum Loss -255d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50B0+631KQ
Retumn Loss ~241dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) ] 1.160 na ]

Aftar 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 semirigid coaxial cable. The center conductor of the feeding line is directly cannected 1o the
sacond arm of the dipole. The antenna is therefore short-circuited for DC-gignals. On some of the dipoles, small end caps
are added to the dipole armns in order to improve maitching 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

leadpoint may be damaged.
Additional EUT Data
Manufactured by SPEAG
Manutactured on Decamber 01, 2003
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DASYS5 Validation Report for Head TSL

Date: 24.07.2014
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 = 1.85 S/m: & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

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

DASY52 Configuration:
« Probe: ES3DV3 - SN3203; ConvF(4.53, 4,53, 4.53); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 30.04.2014
e Phantom: Flat Phuntom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001

« 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 = 102.3 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(1 g) = 13.6 W/kg: SAR(10 g) = 6.28 Wikg

Maximum value of SAR (meuasured) = 17.8 W/kg

—~ 0
s
4.9
1.5
1w,
22%
0dB = 17.8 W/kg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.07.2014
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 = 2.03 S/m; & = 30.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSIC63.19-2011)

DASY32 Configuration
« Probe: ES3DV3 - SN3205; ConvFi4.35, 4.35, 4.35); Calibrated: 30.12.2013;
« Sensor-Surfuce: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.04.2014
« Phantom: Flat Phantom 5.0 (back);, Type: QDOOOPSOAA; Serial: 1002

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

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

Reference Value =95.80 V/m: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 27.7 Wikg

SAR(1 g) = 13.2 W/kg: SAR(10 g) = 6.07 W/kg

Mauximum value of SAR (measured) = 17.5 W/kg

a8
0
480
a0
1580
LE ]
Jimm
0dB =175 W/kg= 1243 dBW/kg
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Impedance Measurement Plot for Body TSL
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CALIBRATION CERTIFICATE

Accreditation No,: SCS 0108

Cartificate No: D2600V2-1015_Mar15

Quject D2600V2 - SN: 1015
Catteation procecurels) QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz
Calbration dase March 25, 2015

This calibration centiicalo documents the iraceabiity 10 natonal standards, which realkze the physical units of measucements (S1)
The measuremeants and 1he uncertaintias wih confidence probahiity are gven on the lollowing peges and are pan of the centibcate

Al nave bean oor In the closed abomory Tacilily: eavironment Jompamiure (22 « 3)"C and humidity < 70%

Calibention Equipment used (MATE critical for caldration)

Primary Siandands 0 Cal Date (Cersificate No.) = J
Power matar EPM-442A GHITAB0T 07-0ct-14 (No. 217-02020) Oc115
Power sensoc HF 8481A US37202783 07-Cct-14 (No. 217-02020) Oct15
Fowor sensor HP B4B1A MY41092317 07-Oct-14 (No. 217.02021) Oot-15
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| TypeN mismadch combination | SN: 50472/ 06327 03-Apr 14 (No, 217-01821) Ape-15
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Schmid & Partner %& g Service sulsse diialonnage
Engineering AG P Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzecfand ‘-4,,_‘/';:%”\_.\? S swiss Callbration Service

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

The Swins Accroditation Service s one of the signatories to the EA

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

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 onented
parallel to the body axis.

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and caloulations were apphed,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mhoim
Measured Head TSL parameters (220+02)°C 372+6% 2.00 mha/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 parametors narmalized 1o 1W 56,5 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measurod 250 mW input power 6540 Wikg
SAR for nominal Head TSL parametars normalized to 1W 253 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameaters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL paramaters 220°C 52.5 2.18 mho/m
Measured Body TSL parameters (220202)"C 60326% 2.20 mho/m £ 6 %
Body TSL temperature change during test <0s5°'C — —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input powaer 14.1 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 55.4 Wikg = 17.0 % (k=2)
SAR averaged over 10cm’ (10 g) of Body TSL condition
SAHR measured 250 mW Input power 6.27 Wikg
SAR for nominal Body TSL paramaters nomalized to 1W 24.8 W/kg = 16.5 % (k=2)
HCT CO., LTD.
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed point s00Q-21Q
Raturn Loss -33.5 0B

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4880Q-19iQ
Heturn Loss -278dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.150 ns |

Aftor long term use with 100W radiated power, anly a slight waming of the dipole naar the feedpoint can be measured.

The dipoie is made of standard semirigid coaxial cabla. The center conductor of the leeding line is directly connected 1o the
second arm of the dipole. The antenna is therefore short-circulted tor DC-signais. On soma of the dipokes, small end caps
are added to the dipole arms in order to improve matching when loaded according to the poesition as explained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length is still

acoording 1o the Standard
No excessive lorce must be appbed 10 the dipole arms, becsuse 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 vsed: T = 2600 MHz: o = 2 S/m; ¢ = 37.2; p = 1000 kg/m’
Phantom section: Flat Section

Mensurement Stundard: DASYS (IEEEAEC/ANSI C63.19-2011)

DASY32 Conliguration:
o 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: Flut Phantom 5.0 (front); Type: QDODOPSOAA; Serial: 1001

« DASY32528.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 102.2 V/m; 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) = 18.9 Wikg

o

.

an
1048
A
Jum
e

0dB =189 Wikg = 1276 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, Zunch, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1015

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

Medium parameters used: f = 2600 MHz; a = 2.2 S/m; &, = 50.3; p = 1000 kg/m’
Phantom section: Flat Scction

Mecasurement Stundard; DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS2 Configuration:
e Probe: ES3DV3 - SN320S; ConvFi4.13, 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: QDOOOPS0OAA; Sernal: 1002

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

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

Measurement grid: dx=5mm, dy=Smm, 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
Muaximum value of SAR (measured) = 18.6 Wikg

d8
0

-5.00

-15.00

-20.00

-25.00

0dB = 18.6 W/kg = 12,70 dBW/kg

Report No.

HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, 17383. Rep.

of KOREA

HCT-A-1510-F001-2 TEL: +82 31 645 6300  FAX: +82 31 645 6401

264 of 281



aCT
HCTCO,LTD

FCC ID: ZNFH815PX Issue Date: Nov. 24, 2015

Impedance Measurement Plot for Body TSL
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Accreditation No.: SCS 0108

Certiticate No: DSGH2ZV2-1107_Jan15

Caliration dale

CALIBRATION CERTIFICATE
Object D5GHzV2 - SN:1107
Cattiraton procodure(s) QA CAL-22.v2

Calibration procedura for dipole validation kits between 3-6 GHz
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Calibration Laboratory of

Schmid & Partner $ Service ldu:.‘ﬂliou-::n :
Engineering AG C  servizio svizzaro di taraturs

Zeughausstrasse &3, BO04 Zurich, Switzerand S Swiss Calibration Service

Accretiled by the Swiss Acoreditation Service {SAS) Accreditation No.: SCS 0108

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

Muttilateral Agr 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) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

c) |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

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

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

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

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5288
Extrapoiation 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)
5200 MHz + 1 MHz
5300 MHz & 1 MHz
Frequency 5500 MHz = 1 MHz
5600 MHz 4 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 36.0 4.66 mho/m

Measured Head TSL parameters (220202)°C B3t6% 456 mhom +6 %

Head TSL temperature change during test <05°C - -
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 cm’ (1 g) of Head TSL Condition

SAR measurad 100 mW input power 7.89 Wikg

SAR for nominal Head TSL parametars normalized to 1W 79.0 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input powar 226 Wikg

SAR for nominal Head TSL parameters normalized to 1W 22.6 Whg = 18.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parametars and calculations were applhed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.76 mho/m
Measured Head TSL parameters (220:02)°C 361+6% 4.66 mho/m = 6%
Head TSL temperature change during test <05°C - -
SAR resulit with Head TSL at 5300 MHz
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters nommalized to TW 80.8 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input pawer 2.32 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were spphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 356 4,96 mho/m
Measured Head TSL parameters (220:202)°C 350+6% 486 mho/m+6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measursd 100 mW input power B.16 Wikg
SAR for nomenal Head TSL parameters normalized 10 1W 81.6 Wikg = 19,9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 2,32 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 23.2 Wikg = 18,5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and caloulations were applied,
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 355 5.07 mho/m
Measured Head TSL parameters (220=02)"C B7+£6% 4,97 mho/m 8 %
Head TSL temperature change during test <05°C —_ -
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B.15Wikg
SAR for nominal Head TSL parameters normatized to 1W 81.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.32 Wiy
SAR for nominal Head TSL parameters normalized to 1W 23.2 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and cakulations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho/m
Measured Head TSL parameters (220=:02)°C 354:26% 518 mho/m+ 6 %
Head TSL temperature change during test <05°C om -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.78 Wikg
SAR for nomina! Head TSL parameters normalized to 1W 77.8 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 nominal Head TSL parameters

normalized to 1W

22.1 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and caiculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL paramelers 220°C 490 5,30 mho/m
Measured Body TSL parameters (220=02)°C 494+6% 542 mho/m + 6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.36 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 73.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 MW input power 2.05 Wikg
SAR for nominal Body TSL parametars normalized 1o 1W 20.6 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mho/m
Measured Body TSL parameters (2202 02)°C 49226% 5.55 mho/m = 6 %
Body TSL temperature change during test <05°C e -_—
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.34 Whg
SAR for nominal Body TSL parameters normalized 10 1W 73.5 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 100 mW input power 205 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.6 W/kg = 18.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and caiculations were appled.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220*C 488 5.65 mho/m
Measured Body TSL parameters (220202)°C 48926% 5.82 mho/m £+ 6 %
Body TSL temperature change during test <05°C —- -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW Iinput power 7.87 Wikg
SAR for nominal Body TSL parameters normalized to 1W 78.9 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 218 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 21.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The lollowing parameters and caiculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220'C 485 5,77 mho/m
Measured Body TSL parameters (220+0.2)"C 487 26% 5.96 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 mput power 775 Wikg
SAR for nominal Body TSL parameters normalized to 1W 77.7 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW Input power 215 Whkg
SAR for nominal Bady TSL parameters normalized to 1W 21.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations wesa applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 48.2 6.00 mho/m
Measured Body TSL parameters (220=02)"C 484 +6% 6.25 mho/m =6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.51 Wikg

SAR for nominal Body TSL parameters normalized to 1W 75.3 W/kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAH measured 100 mW input power 2.07 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 20.7 Wikg = 19.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS0108)
Antenna Parameters with Head TSL at 5200 MHz
Impedance, transformed 1o feed point A77Q-84iQ
Retum Loss -20.1dB
Antenna Parameters with Head TSL at 5300 MHz
Impedance, transiormed 1o feed point 481 Q-691
Reaturn Loss -2314dB
Antenna Parameters with Head TSL at 5500 MHz
Impedance, transformed to teed point 5040-40(Q
Return Loss -262d8
Antenna Parameters with Head TSL at 5600 MHz
impedance, transformed to feed point 536{(-581
Aeturn Loss -23.7d8
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed 1o feed point 5430Q-541Q
Return Loss -236dB
Antenna Parameters with Body TSL at 5200 MHz
Impedance, transformed to feed point 4730-921Q
Roturn Loss -202dB
Antenna Parameters with Body TSL at 5300 MHz
Impedance, transformed to feed paint 4A960-65K)
Retumn Loss -23.7dB
Antenna Parameters with Body TSL at 5500 MHz
Impadance, transtormed to faed point 50702-3810
Returmn Loss -283d8
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed 1o feed poim 54.10-54Q
Retum Loss -238dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed 1o feed point 5480-43jQ
Retumn Loss ~242d8

General Antenna Parameters and Design

[ Etectrical Detay (one direction) | 1.195 ns |

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

The dipole s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected o the
second arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in ocder to improve matching when loaded according to the position as explainad in the
*Measuremant Conditions® paragraph, The SAR data are not allected by this change. The overall dipole length is shill

according to the Standard.
No excessive force must be applied 1o the dipole arms, because they might bend or the soldered connections near the
feadpoint may be damaged.
Additional EUT Data

Manufactured by SPEAG

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

Date: 28.01.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; 0 = 4.56 S/m; & = 36.3; p = 1000 kg/m’ , Medium parameters
used: = 5300 MHz; o =4.66 S/m; £ = 36.1; p= 1000 kg,lm‘ , Medium parameters used: f= 5500 MHz; 0 =
4.86 S/m; & = 35.9; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz; 6 =4.97 S/m; ¢, =357; p=
1000 kg/m” , Medium parameters used: f= 5800 MHz; o = 5.18 S/m; &, = 35.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS2 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51); Calibrated: 30.12.2014, ConvF(5.21, 5.21,
5.21); Calibrated: 30,12.2014, ConvF(5.12, 5.12, 5.12); Calibrated: 30.12.2014, ConvF(4,92, 4.92,
4.92); Calibrated: 30.12.2014, ConvF(4.9, 4.9, 4.9); Calibrated: 30.12.2014;

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

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Sernal: 1001
« DASYS5252.8.8(1222), SEMCAD X 14.6.10(7331)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.92 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.8 W/kg

SAR(1 g) = 7.89 W/kg; SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measured) = 17.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.41 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 232 Wikg

Maximum value of SAR (measured) = 18.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, =5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.51 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.2 Wikg

SAR(1 g) = 8.16 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 18.9 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.39 V/im; Power Dnift = 0.04 dB

Peak SAR (extrupolated) = 32.2 W/kg

SAR(] g) = 8.15 W/kg; SAR(10 g) = 2.32 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 61.53 V/im; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 32.0 W/kg

SAR(1 g) = 7.78 W/kg; SAR(10 g) =2.21 W/kg

Maximum value of SAR (mecasured) = 18.5 W/kg

dB8
0
-6.00
-12.00
-18.00
-24.00
-30.00
0dB =178 W/kg = 12.50 dBW/kg
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Impedance Measurement Plot for Head TSL

28 Jan 2013 17:129:94
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DASYS5 Validation Report for Body TSL

Date: 20.01,2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN:1107

Communication System: ULD 0 - CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500
MHz, Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: = 5200 MHz; o = 5.42 S/m; &, = 49.4; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: o = 5.55 S/m; & = 49.2; p = 1000 kg/m” , Medium parameters used: = 5500 MHz; 6 =
582 S/m; g, =48.9; p= 1000 kg/m" , Medium parameters used: { = 5600 MHz; 6 =596 S/m; g, =48.7:p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; o = 6.25 S/m: & = 48.4; p = 1000 kg/m’

Phantom section: Flat Section

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

DASYS52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.95, 4.95, 4.95); Culibrated: 30.12.2014, ConvF(4.78, 4.78,
4.78); Calibrated: 30.12.2014, ConvF(4.45, 4.45, 4.45): Calibrated: 30.12.2014, ConvF(4.35, 4.35,
4.35); Calibrated: 30.12.2014, ConvF(4.32, 4.32, 4,32); Calibrated: 30.12.2014;

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

+ Electronics: DAE4 Sn601; Calibrated: 18.08.2014

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
« DASYS5252.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.76 V/m; Power Drift =-0.00 dB

Peak SAR (extrapolated) = 28.7 W/kg

SAR(1 g) = 7.36 W/kg: SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 16.9 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 58.01 V/m; Power Drift =-0.01 dB

Peak SAR (extrupolated) = 29.4 W/kg

SAR(1 g) = 7.34 W/kg; SAR(10 g) = 2.05 W/kg

Maximum value of SAR (measured) = 17.1 Wikg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.02 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 33.5 W/kg

SAR(1 g) = 7.87 W/kg: SAR(10 g) = 2,18 W/kg

Maximum value of SAR (measured) = 18.8 W/kg
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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 = 57.52 V/m: Power Drift = 0.00 dB

Peak SAR (extrupolated) = 34.1 W/kg

SAR(1 g) = 7.75 W/kg; SAR(10 g) = 2,15 W/kg

Maximum value of SAR (mcasured) = 18.7 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.60 V/m: Power Drift = -0.01 dB

Peak SAR (extrupolated) = 34.8 W/kg

SAR(1 g) = 7.51 W/kg: SAR(10 g) = 2,07 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

dB
— 0
-10.00
-20.00
-30.00
-40.00
50,00
0dB =169 W/kg = 12.28 dBW/kg
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Impedance Measurement Plot for Body TSL
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