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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

ET3DV6~ SN, 1798

Apeil 29, 2013
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Fraquency Response of E-field: £ 6.3% (k=2)
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ET30V6- SN:1708 April 28, 2013

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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ET3DVB- SN: 1798 Apni 26, 2013

Dynamic Range f(SARpead)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 800 MHz WGLS RS (H_convf) f= 1760 MHz WGLS R22 (H_comF)
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Deviation from Isotropy in Liquid
Error (9, 8), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Contificate No: ET3-1768_Apr13 Page 100of 11

HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811
TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr

Aug. 2, 2013

124 of 177



HET S LT
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ET30VE- SN:1798 Aprii 26, 2013

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1798

Other Probe Parameters
Sensor Arrangament Tnangular |
Connector Angle (°) 564 |
“Mechanical Surface Detection Mode ‘enabled |
Optical Surface Detection Mode disabled |
Probe Dverall Length 337 mm |
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip to Sensor Z Calitwation Point 2.7 mm
Recommended Measurement Distance from Surface 4 mm
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013
Calibration Laboratory of Py,
Schmid & Partner SN
Engineering AG 2
zoumg.wnun%. 0004 Zurich, Switzerland T

ANt

Accracited by the Swes Accreditaton Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Muttiiateral Agreement for the recognition of calibration certificates

Caibrution date March 18, 2013

This calitration centficate documents the iracaabilly 10 Natanal Standards, which resice e physcal unes of meosurements (S1)
™e and the weth conficy probubilty se given on Ihe following pages and are part of Ihe certfcate
Al b harve besn cond n the closed | y faciity: envi (22 £ 3)°C and humidity < 70%

Calbaton Equipment used (MATE critcal for calibration)

Frimary Swedards 0 Cal Dats (Certificate No.) Schacuind Caleration
Powar meter £44158 6541203874 20 Mar-12 (No. 217-01508) Agr13

Powet ssrucr EA412A MY41408087 20-Mar-12 (No. 217-01508) Ape13

Reforence 3 dB Aftenustor SN: 55054 (3c) Z7-Mar-12 {No, 217-01531) Ap13

Relarence 20 B Al SN 55086 (205) 27-Mar-12 {No. 217-01529) Ape1d

Reference 30 9B Aenuator | SN: 55129 (30b) 27.Mar-32 (No. 217-01532) Apr13

Raference Probe ES30V2 SN: 3013 20-Dec-12 (Na_ ES3-3013_Dec12) Dec-13

DAEL SN 660 31-4an.13 {No. DAE4-560_Jan13) Jan-18

s ry Standords i Chsech Date [in house] s Check

AIF ganerator HP BAIEC US3642U01700 4-Aug-99 (in houss chack Apr11) In house check Apr-13
Network Analyzer HP 8753F | LUS3739058% 18-CctD1 {in houss check Oct-12) In house check: Oci-13

Name Fuscton

Apwrved by Katja Pokonic

FEaes

Issued: Mach 18, 2013

This catbrabon conficate shall not be reproduced axcept in Al without wrtten approval of the ¥ i
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013
Calibration Laboratory of ik or ol
Schmid & Partner Service suisse d'dtalonnage

Engineering AG Servizso svizzero di taraturs
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accrudited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Secvice is one of the signatories 1o the EA
Mudtilateral Agreement for the recognition of calibration certificates
Glossary:

TSL tissue simulating liquid

NORMx.y 2 sensitivity in free space

ConvF sensitivity in TSL / NORMx.y,z

DCP diode compression point

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

A B, CD modulation dependent linearization paramelers

Polarization ¢ @ rotation around probe axis

Polarization & 8 rotation around an axis that is in the plane normal to probe axis {at measurement center),

iLe, & =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommaendad Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Muman Head from Wireless Communications Devices: Measurement
Techniques’, December 2003

b) IEC 62209-1, "Procedure to measure the Specilic 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:

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

o NORM(x,y.z = NORMx,y.z * frequency_respanse (see Frequency Response Chart). Thig linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the fraquency response is included
in the stated uncertainty of ConvF.

* DCPx,y.2: DCP are numerical inearization parameters assessed based on the data of power sweep with CW
signal (no uncentainty required). DCP does not depend on frequency nor media.

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

o Axyz Bxyz Cxyz Dxyz VRxyz A 8 C, D are numerical inearization parameters assassed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum ca¥bration range expressaed in RMS voltage across the diode

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

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

« Sansor Offset: The sensor offset corresponds to the offset of virtual measurement canter from the probe tip
(on probe axis). No tolerance required
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EX30V4 - 8N:3903 March 18, 2013

Probe EX3DV4

SN:3903

Manufactured:  September 4, 2012
Calibrated: March 18, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatibie with DASY2 system!)

Cectificale No: EX3-3903_Mar13 Page 3of 11

HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 128 of 177

TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr



HET S LT

Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EX3DV4- SN:3903 March 18, 2013

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Noem (pVAVIm)Y" 0.52 0.48 0.53 +101%
DCP (mV)" 98.8 103.2 100.1

~

Modulation Calibration Parameters
uiD [

ication Sy Name A B c D VR Unc
o8 dBvVuv dB mV (k=2)
0 cw | x| 00 | o0 10 | 000 | 1290 | 135%
Yy | 00 00 | 10 | | %220 |
2| o0 0.0 1.0 1247

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 uncenainties of NomC Y, Z do not slfect the E™-fishl uncenainty nekde TSL (see Pages 5 and 6)
¥ Numerical lnearzation pansmeter. uncensinty not required
¥ Uncartainty iy detarmined using the max. deviatiorn from fineer response applying rectanguier distrution and s expressed for the square of the

fakd value
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EX30V4- SN.:3903 March 18, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.

| f(MH2)© | Permittivity " {8im)" | ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 435 0.87 10.72 10.72 10.72 0.15 1.68 £134%
750 4148 0.88 10.21 10.21 10.21 0.21 1.28 2120%
835 415 0.90 9.87 9.87 8.87 0.28 1.07 2120%
900 415 0.97 9.77 9.77 9.77 0.17 1.66 +120%
1450 40.5 1.20 8.59 B8.59 8,59 0.18 1.76 +£120%
1750 401 1.37 8.60 8.60 8.60 0.61 0.67 +12.0%
1800 400 1.40 8.30 8.30 8.30 0.45 0.76 +120%
1950 40.0 1.40 8.10 8.10 B.10 0.30 0.90 2120 %
2450 | 392 1.80 7.43 7.43 7.43 033 | 085 | 2120%
2600 38.0 1.96 7.23 7.23 723 0.31 0.95 +120%
5200 36.0 4 66 479 4.79 479 0.40 1.80 £131%
5300 359 4.76 4 60 4.680 4.60 0.40 1.80 £13.1%
5500 356 4.96 4.49 4.49 448 045 1,80 2131 %
5600 355 507 446 446 448 040 1.80 £131%
5800 353 5.27 414 414 414 045 1.80 +£13.1%

‘Fremyvmdwdn\wWawmeASYﬂlwhW(mMZ)mnamw 50 MHz. The rcertanty is the RSS
dmOmwFummy o casbeation freq y and the y y band

" At frequoncies below 3 Gz, |Muuydwm(cwe)mumm lcm:uwdwmmfummsnwn
Mmeusured SAR volues. Al Fequencies above 3 GHE. the validity of tssue parameters (z and o) is restncled 10 + 5% The uncenainty is tha RSS of
the ConvF uncestainty for indicated target Lssus parameters
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EX3DV4- SN:3903 March 18, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unect.

f(MHz)© | Permittivity” (Stm)” ConwF X | ConvFY | ConvFZ | Alpha | (mm) (k=2)
450 56.7 0.94 11.20 11.20 11.20 0.08 110 | £134%
750 555 0.96 991 99 9.01 027 1.21 £120%
835 552 0.87 975 9.75 8.75 033 1.08 £120%
1750 53.4 1.49 7.82 7.82 7.82 0.35 0.87 £12.0%
1900 53.3 1.52 7.53 7.53 7.53 0.28 103 | +120%
2450 527 1.95 7.14 7.14 7.14 0.80 0.57 £120%
2600 525 2.18 6.89 6.89 6.89 0.80 050 | +120%
5200 49.0 5.30 4.32 4.32 4.32 0.40 180 | +131%
5300 48.9 5.42 424 424 424 0.40 180 | +131%
5500 438 5.65 3.86 3.86 3.88 045 1.80 £131%
5600 48,5 577 3.73 373 373 0.40 1.90 £131%
5800 48.2 8.00 4.01 4.0 4.01 0.50 1.90 +131%

* Eroguency validity of = 100 MHz only apples for DASY ve.4 and hgher {see Page 2), e it ia resincted fo 4 50 MHZ. The uncenainty i the RSS
of the Comd uncenainly 8t caltrason froquancy and the unceriainty for the indicated froguency band.

" AL requencias below 3 Gz, the validity of lissue parsmeters (¢ and o) can be retaxed to ¢ 10% # Mquid compensation formia i appiled to
measured SAR values. Al froquencies above 3 GHz, the visicity of tissios paramaters (c and o} m rasticled 1o £ 5% The uncertandy = the RSS of
the ComvF uncedainty for indicated target tissue parsmeten
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EX30V4- SN:3903 March 1B, 2013

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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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EXIDV4- SN-3903 March 18, 2013

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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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EX3DV4- SN:3903 March 18, 2013

Dynamic Range f(SARcad)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

= 835 MH2 WGLS RS (H_comf) = 1900 MHz WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (6, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: 1 2.6% (k=2)
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

EX30V4- SN.3003 March 18, 2013

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

Other Probe Parameters

Sensor Arrangement Trangular
Connector Angle (°) 853
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode ' disabled
Probe Overall Length | 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25 mm
Probe Tip 1o Sensor X Calibeation Paint 1 mm |
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 2 mm
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug
Calibration Laboratory of S, Schweizerischer Kalibrisrdienst
Schmid & Partner e G Service suisse Gétalonnage

Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzeriand “ 4@‘\.? S swiss Calibration Service
Accredited by the Swise Acoteditation Service (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

client  HCT (Dymstec) Cortiticat No: DB35V2-441_Apri13

. 2,2013

CALIBRATION CERTIFICATE

Otyect D835V2 - SN: 441

Calibration procedura(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calbration date April 25, 2013

This calibration canificate documaents the ility to nabional standards, which realze the physical units of moasurements (St}
The s ared the with canfidence probabiity are given on the followsng pages and are part of the cortificale
All calt have been d in the closed laboratory faciity: amvironmaent temparture (22 « 3)°C and humidty < 70%

Calibration Equipment used (MATE critical for calbration)

Primary Standards 0 # Cal Date (Centéicate No.) S dod C:

Powsr meter EPM-442A GB3I7AB0OTO4 01-Nav-12 (No, 217-01640) Oct-13

Power sensar HP 4B1A US37292783 01-Nav-12 (No. 217-01840) Oc-13

Reference 20 dB Attenustor SN 5048 (20k) 04-Apr-13 (No. 217-01736) Apr-14

Typa-N mismatch combination SH 50473106327 04-Apr13 {No. 217-01739) Agr1d

Aeference Probe ES30V3 5N 3205 28-Dac-12 (No, ES3-3205_Dect2) Dec-13

DAE4 SN 900 11:5ep-12 (No. DAE4-009_Sep12) Sap13

Sacondary Standasos 1D » Chack Date (in housa) Scheduled Check
Power sansor HP BABIA MY41062317 18-0ct-02 (In house chock Oct-11) In housa chack: Oct-13
AF gonerator R&S SMT-06 100005 04-Aug 29 (in house chack Oct-11) In house chack: Oct-13
Notwork Analyzer HP §753€ US37300585 54206 18-0c1-01 (In house check Oct-12) In house chack: Oct-13

Name Function y
CaRorated by: Claudio Leubler Laboeatory Technican \

Approved by Kadja Pokovic Tochnical Managar .5-'-274’ % -

Insuod: April 26, 2013

This calibration certilicate shall not be reproduced except in full without written approval of the laborsory

Certticate No; D835V2-441_Apr13 Page 1 of 8
HCT CO., LTD.
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

Calibration Laboratory of S Schwelzerischer Kalibrierdienst
Schmid & Partner % Service sulsse d'étalonnage
Engineering AG b Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzertand -.;‘,‘/;}_\y Swiss Calibration Service
Accradited by the Swiss Accractation Sorce (SAS) Accroditation No.: SCS 108

Tho Swiss Accreditation Service is one of the signatories to the EA
Multilatoral Agreesment 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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

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 flat phantom section, with the arms oriented
parallel to the body axis.

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

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

o 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 caiculate 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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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5286
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, &z =5 mm
Frequency 835 MHz « 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL paramoters 220°C 415 0.80 mho/m
Measured Head TSL parameters (220+02)"C 408+6% 0.94 mho/m + 6%
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measurad 250 mW input power 251 Whkg
SAR for nominal Head TSL parameters normalized to TW 9.68 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.62 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 6.30 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Tomperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 552 0.97 mho/m
Measured Body TSL parameters (220+02)"C 54.04+6% 1.0 mhoim £ 6 %
Body TSL temperature change during test <05'C — nasa
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAA measured 250 mW input power 2,51 Wikyg
SAR for nominal Body TSL parameters normalized to 1W 9.69 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.64 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 6.38 Wkg = 16.5 % (k=2)
Certficate No: DB3SV2-441_Apr13 Page 30t 8
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

Appendix

Antenna Parameters with Head TSL
Impedance, transformed to fead point 5200-16jQ
Aetum Loss -319dB

Antenna Parameters with Body TSL

Impedance, transiormed to feed point 4700-46 K2
Retumn Loss -249d8

General Antenna Parameters and Design

| Esectrical Delay (one direction) | 1.372ns il

Aftar long term use with 100W radiated power, only a sfight 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 connected 1o the
sacond arm of the dipole. The antenna is therefore short-circulted for DC-signals. On some af 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 1his change. The overall dipole length is stll
according to the Standard

No excessive forcs must be applied to the dipole arms, because they might band or the soldered connections near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manutactured on March 09, 2001
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

DASYS Validation Report for Head TSL

Dute: 25.(04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

Communication System: UID 0 - CW - Frequency: 8§35 MHz

Medium parameters used: = 835 MHz; o = 0.94 S/m; & = 40.8; p = 1000 kg/m'
Phuntom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI C63.19-2007)

DASYS52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.03, 6.05, 6,05); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn909; Calibrated: 11.09.2012
« Phantom: Flat Phantom 4.9L; Type: QDOOOPAGAA; Serial: 1001

e« DASYS5252.8.6(1115); SEMCAD X 14.6.9(7117)

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

Reference Value = 57.617 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.84 Wikg

SAR(1 g) = 2.51 W/kg: SAR(10 g) = 1.62 W/kg

Maximum value of SAR (measured) = 2.94 Wikg

0 dB = 2.94 W/kg = 4.68 dBW/kg
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Impedance Measurement Plot for Head TSL
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

DASYS5 Validation Report for Body TSL

Date: 24.04.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 441

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

Medium parameters used: [ = 835 MHz; o = 1.01 S/m; & = 54; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY352 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28.12.2012;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn909; Calibrated: 11.09.2012
« Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA: Senal: 1001

o DASYS2528.6(1115); SEMCAD X 14.6.9(7117)

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 = 55.722 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,72 W/kg

SAR(1 g) = 2.51 W/kg: SAR(10 g) = 1.64 W/kg

Maximum vitlue of SAR (measured) = 2,93 Wikg

[
8
1
|
n
£0
4m
1208
1500
0dB =293 W/kg = 4.67 dBW/kg
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

Impedance Measurement Plot for Body TSL
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

Calibration Laboratory of '_;*@'g,_ Schweianrincher Kalibriordionst
Schmid & Partner % Servioe suisse CHalnANIQN
Engineering AG 7 Servizio svizzero di tarsturs
Zoughausstrasse 43, 0004 Zurioh, Switzorlend vwﬁyv Swiss Catibration Sorvics
Accroditnd by e Swis Acoustation Senvioo (SAS) Accreditation Mo.: SCS 108

The Swiss Accraditation Service ia one of the signalories to the EA
Muttilateral Agreesent for the recogniion of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF senslitivity in TSL / NORM xy,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) In the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62203-1, "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)",
Fabruary 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields, Additional Information for Evaluating Compliance of Moblle and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

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 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 Retum Loss ensures low
reflected power. No uncertainty required.

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

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

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

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

The r uncertainty of measurement is stated as the standard uncertainty of measurement
multipied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013
Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS Va2 4.1
Extrapolation Advanced Extrapolation
Phantom Maduiar Fat Phamom
Distance Dipole Centor - TSL 10 mim with Spacor
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 1800 MHz + 1 MHz
Head TSL parameters
Tha following parameters and calculations wers applied
Tompersture Parmittivity Conductivity
Nominal Head TSL parameters 20°C 40.0 1.40 mhoim
Meoasured Head TSL parametors (220202)°C 30026% 138 mho/m 4 6 %
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR avaraged over 1 em’ (1 g) of Head TSL Conditon
SAR measured 250 mW mput power 966mW /g
SAF for nominal Head TSL parameters normaiized 10 1W 30.0MW /g £ 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW Input powsr S1TmW/ig
SAR for nominal Hoead TSL parameters normadized 1o 1W 205 mW /g £ 185 % (ks2)
Body TSL parameters
MIMWMWMW'
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1.52 mho/m
Measured Body TSL parameters (220+02)°C 266" 1.52 mhoim & 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Candition
SAR measured 250 mW input power 100mW /g
SAR tor nominal Body TSL paramaetars normalized o 1TW 309 mW /g 2 77.0 % (h2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR measured 250 mW Input power 530mW /g
SAR for nominal Body TSL pammaters normalized 10 1W 212mW /g 2185 % (k=2)
Cortificate No: D100OVE-50032_Jul12 Pagedot
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013
Appendix
Antenna Parameters with Head TSL
Impadance, transformed 10 fead point 500Q+3150
Retumn Loss 30148

Antenna Parameters with Body TSL

Impedance. transformed 1o feed pant 4620+37 12
Return Loss -2624dB

General Antenna Parameters and Design

[ Etectrical Delay (one direction) | 1964 ns |

Alet long term use with 100W radiated powse, only & sight wirrming of the dipols near this tesdpokit can be measurod

The dipols s made of standarnd semingid coaxlal cable. The center conductor of the feeding line & dirctly connectad o the
sacond arm of the dipole. The antenna is therstore shodt-circuited for DC-signals. On some of the dipoles, amall ond caps
are sdded 1o the dipole arms in order 10 improve matching when loaded sccording 1o the position as sxplained in the
“Measurernent Conditions* paragmph. The SAR data are not affected by this change. The overall dipole length is still
according 10 the Standand

No excessve force must be applied 10 the dipole arms, becauss they might bend or the soldersd conneclions near the

feadpoint may be darmaged
Additional EUT Data
Manufactured by SPEAG
Manutactured on March 17, 2003
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

DASYS Validation Report for Head TSL

Date: 20,07 2012

Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1900 MHz; Typo: D190V 2; Serial: DI90OV2 - SN: 54032

Communication System: CW;, Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.38 mho/m; & = 39.9; p = 1000 kg/m
Phantom section: Flat Section

Messurement Standacd: DASY S (IEEE/ITEC/ANSI C63.19-2007)

DASYS52 Configuration
- Probe: ESIDV3 - SN3205; Convii5.01, 5.01. 5.01 . Calibrated: 30.12.2011)

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

o  Electromcs: DAE4 So601; Calibrued; 27.06.2012

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Senial: 1001

o DASYS2 S28.1(838); SEMCAD X 14.6.5(6469)

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

Reference Value = 96.864 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17,209 mW/g

SAR(I g2) = 9.68 mW/g; SAR(10 g) =511 mW/g

Maximum value of SAR (measured) = 12.1 mW/g

ALY _J
L e

0dB= 121 mW/g=2166d8 mW/g
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Impedance Measurement Plot for Head TSL
HCT CO., LTD.
105-1, Jangam-ri, Majang-myeon, Icheon-si,Gyeonggi-do,Korea 467-811 151 of 177

TEL: +82 31 645 6300 FAX: +82 31 645 6401 www.hct.co.kr



T LT

Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

DASYS Validation Report for Body TSL

Date: 20.07.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D190V 2; Serial: D1990V2 - SN: 54032

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: (= 1900 MHz; o = |.52 mho/m; & = 52.6; p = 1000 kg/m
Phantom section: Flat Section

Measurement Stundard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration
« Probe: ESIDV3 - SN3205; ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011
o  Seosor-Sarface: 3mm (Mechanical Surface Detection)
o  Electronics: DAE4 Sn601; Calibrated: 27.06.2012
¢ Phantom: Flat Phantom 3.0 (back): Type: QDOOOPSOAA; Senul: 1002

o DASYSZS2E1BIE), SEMCAD X 14.6.5(6469)

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

Reference Value = 95 470 Vi, Power Drift = -0.00 JdB

Peak SAR (extrapolated) = 17.332 mW/g

SAR(I g) = 10 mW/g: SAR(10 g) = 53 mW/g

Maximum value of SAR (measured) = 12.6 mW/g

“»
ites

ULy

DdB =126 m\\‘,:__' =201 dB mW/g
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Date of Issue:
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Service suisse d"étalonnage
Servizio svizzero o tarstura
Swins Calibeation Sorvice

Cartificate No: D2450V2-743_Augi12

Aug. 2, 2013

CALIBRATION CERTIFICATE

D2450V2 - SN: 743

Calibration procedure for dipole validation kits above 700 MHz

Cattwation proosduss(s) QA CAL-05.v8
CaRtmaton date August 23, 2012
Then calibeation cediticate documunts the sty 1o

, Wi renkew B rrmical oits of measursments (51)
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Calibration Laboratory of A, 3 ot Kakibriords
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The Swiss Accroditation Servioe is one of ihe signatories to the EA
Muttitatersl Agreement for tha recognition of callbration 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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques", December 2003

b) IEC 82209-1, "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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

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 Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurameant at tha 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 coniguration, as far as not gven on page 1
DASY Version DASYS V5282
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacsr
Zoom Scan Resolution dx, dy, dx =5 mm
Frequency 2450 MHz + 1 MH2
Head TSL parameters
The foll Qg o and calculations were applied.
Temperatura Permittivity Conductivity
Nominal Head TSL parameters 20°C 392 1.80 mhoim
Measured Head TSL parameters (220=202)°C W2+8% 1.81 mho/m 26 %
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 morsured 250 mW input power 132mW/ig
SAR for nominal Head TSL paramsters nomalized to 1W 52.7 mW /g = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR moasured 250 mW Input power G18mW/g
SAR for nominal Head TSL parameters normalized 10 TW 247 mW /g ¢ 16,5 % (k=2)
Body TSL parameters
The fallowing paramsters and calculations wera apphed.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 527 1.85 mho'/m
Measured Body TSL paramotors 220+02)"°C 513+6% 1.96 mho/mi 2 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR moasured 250 mW Input powser 130mW/g
SAR for nomanal Body TSL paameters normalized fo 1W 51.2mW /g £17.0% (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measured 250 mW Input power 810mW /g
SAR for nominal Body TSL paramelers nomalized to 1W 242 mW /g =165 % (k=2)
Cunificate No: D2450V2-743 Augi12 Paped ol B
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Appendix
Antenna Parameters with Head TSL
Impedance. transiormad to foed point 5400 +«4750
Aeturn Loss -246d8

Antenna Parameters with Body TSL

Impedance, transformed 1o {eed point 5080+65)Q

Return Loss -237dB

General Antenna Parameters and Design

| Elactrical Delay (one direction) | 1.158 ns

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

Tha dipole is made of standard semingid coaxial cable. The center conductor of the feeding line 1s directly connected 1o the
sacond am of the dipole. The antenna s therefore short-cirowitad foe DC-signais. On some of the dipoles, amall ond caps

are added to the dipole arms in ordaer to improve matching when loaded according to the position as sxplained in the
"Massarement Conditions® paragraph, The SAR data are not alfected by this change. The overall dipole langth is still
necording to the Standard

NoO axcessive [oree must be appiod 10 the dipole arms, bocause they migh band or the soldersd connections near the
feedpoint may bo damaged

Additional EUT Data
Manutactured by SPEAG
Manufactured on December 01, 2003
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DASYS Validation Report for Head TSL

Date: 23.08.2012
Test Luboratory: SPEAG, Zurnich, Switzeriand
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

Commumication System: CW, Frequency: 2450 MHz

Medium parameters used; = 2450 MHz: o = 181 mho/m; & = 392, p= 1000 ke/m’
Phantom section: Flut Section

Measurement Standard: DASYS (IEEE/NEC/ANSI C63,19-2007)

DASY352 Configumtion
« Probe: ES3IDVI - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30,12.201 |
o Sensor-Surface: 3mm (Mechanical Surface Detection)
o Electronics: DAE4 So60 1 Calibrated: 27062012
o  Phantam: Flal Phantom 5.0 (front); Type: QDUOOPSOAA Senal: 1001

o DASYS2 52.82(969), SEMCAD X 14.6,6{6824)

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

Reference Value = 98.554 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.584 mW/g

SAR(I g) = 13.2 mW/g; SAR(10 g) = 6,18 mW/g

Maximum value of SAR (measured) = 16.5 Wikg

dB
0

-10.00
15.00

-20.00

25.00

0dB = 16,5 Wikg = 2435 dB Wikg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 22.08.2012
Test Laborutory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serinl: D2450V2 - SN: 743

Communication System: CW; Frequency: 2450 MHz

Medium parumeters used: { = 2450 MHz; o = 1.99 mho/m; & = 51.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Sumdard: DASY S (IEEETEC/ANSI C63,19-2007)

DASYS2 Configurathion:
e Probe: ES3DV3 - SN3205: ConvF(4.26, 4.26, 4.26), Calibrated: 30.12.201 |,
«  Sensor-Surface: Imm (Mechanical Surface Detection)
o Electronics: DAES Sn601: Calibrated: 27.06,.2012
« Phantom; Flat Phantom 5.0 (buck); Type: QDOOOPSDAA; Serial: 1002

o DASY52528.2(969). SEMCAD X 14.6.6(6824)

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

Reference Value = 95.699 Vim; Power Drift = 0.01 dB

Peak SAR (extrupolated) = 26 489 mW/g

SAR(I g) = 13 mW/g; SAR(10 g) = 6,1 mW/g

Maximum value of SAR (measured) = 16.9 Wikg

e

1920

-2AA0
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HCTA1307FS02

Report No.: FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013
Calibration Laboratory of FRVN Schwolzerischer Kalibriordienst
Schmid & Partner N ] Service suisse d'éalonnage
Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

Sl

Accredited by the Swiss Accredilation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA

Accreditation No.: SCS 108

Multilateral Age for the recognition of calibration certificates
client  HCT (Dymstec) Canificate No: D5GHZV2-1107_Feb13
CALIBRATION CERTIFICATE
Otjoct D5GHzV2 - SN: 1107
Calibrition procedurels) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Calibration date February 21, 2013

This calbration certificate documants the traceabiity 1o national standards, which realize the physical units of measurements (S1)
The and the uncer with confidence probability are given on the fallowing pages and are part of the cedilicale.

All cafibeations have bean conducied in the closal Wboratory facility: anvironment tempernsture (22 « 3)*C and humidily « 70%

Calibrason Equipment usod (METE critical for callbration)

Primary Standards 10 & Cal Date (Certificate No ) Scheduled Calbraton

Pawser meter EFM-4424 GBITA80T04 01-Nov-12 (No_217-01640) Oc213

Pawer sansor HP B481A US37202783 01-Now-12 {No. 217-01640) Oct-13

Roference 20 3B Attsrustor SN 5058 (20%) 27-Mar-12 (No. 217-01530) Apr13

Type-N mismatch combanation SN 50473 /06327 27 Mar12 (No. 217-01533) Apr-13

Redarence Probe EXA0DVE SN 3503 28-00c-12 (No. EX3-3503_Deci2) Dec-12

DAES SN e 27Jun-12 (No. DAE4A-801 _Jun12) Jun-13

Secondary Standards D # ChackDate nhouse)  Scheduled Chack

Powor sonsor HP B4B1A MY&1082317 18-0ct-02 (In houss chuck Oct-11) in house chack: Oce13

RAF generalor RAS SMT-06 100005 04-Aug-99 (in house chack Oct-11) in house check: Oct13

Network Analyzer HP 8753E US37390585 54206 18-0ct-01 {In house chack Dct-12) In house chack: Oc13
Name Functon Signature

Calibrated by: Leit Kiysnee Laboeatory Techricaan %;/ /g

Approved by Katja Pokovic Technical Manager

This casbration canificale shall not be 1eproduced excopt in full without wiitten approval of tha laboratocy

issued: February 21,2013
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Report No.: HCTA1307FS02 FCC ID: ZNFLO1F Date of Issue: Aug. 2, 2013

Calibration Laboratory of Schwetzartschor Kalibriergionst
Schmid & Partner Service sulsse d étalonnage
Engineering AG Sarvizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
hccredand by the Swess Acoreditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
¢) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

The 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 coafiguration, as far as not given on page 1.
DASY Version DASYS V5285
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz £ 1 MHz
5300 MHz + 1 MHz
Frequency 5500 MHz + 1 MHz
5600 MHz + 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 220°C 36.0 4 .66 mho/m
Measured Head TSL parameters (220+02)°C 347+6% 4.47 mho/m 28 %
Head TSL temperature change during test <05°C eee eee
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 80.1 Wikg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 100 mW input power 231 Wikg
SAR for nominal Head TSL parameters normalized to W 22.8 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parameters and calculstions were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.78 mho/m
Measured Head TSL parameters (220202)°C 345:26% 457 mho/m + 6 %
Head TSL temperature change during test <05°C — -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.18 Wikg
SAR for nominal Head TSL parameters normmalized to 1W B81.0 W/ kg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.36 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 23.3 W/kg = 19,5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were applied
Temperature Permittivity Cenductivity
Nominal Head TSL parameters 220°C 356 4,98 mho/m
Measured Head TSL parameters (220+02)°C M2:6% 474 mho/m = 6 %
Head TSL temperature change during test <05°C ot —
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wikg
SAR for nominal Head TSL parameters normalized to 1W 80.0 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 228 Wig
SAR for nominal Head TSL parameters normalized to TW 22.6 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20°C 355 5.07 mho/m
Measured Head TSL parameters (220:02)°C 3M4126% 4,63 mho/m +6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measwed 100 mW input power B.53 Wikg
SAR for nominal Head TSL parameters normalized to 1W 84.4 Wi = 19,9 % (kn2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 MW input power 243 Wika
SAR for nominal Head TSL paramaters nosmalized to 1W 24,0 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho/m
Measured Hoad TSL parameters (220+02)°C 339:+6% 5.05 mho/m = 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.91 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 78.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 100 mW input power 225 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 222 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameaters and calculations were applied
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 49.0 5.30 mho/m
Measured Body TSL parameters (220202)C 468+6% 5.36 mho/m = 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.50 Wig
SAR for nominal Body TSL parameters normalized to 1W 74.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’® (10 g) of Body TSL condition
SAR measured 100 mW input power 210 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.8 W/kg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.42 mhoim
Measured Body TSL parameters (220=x02)"C 467 +6% 548 mho/m £ 6 %
Body TSL temperature change during test <05°C -
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 7.67 Wikg
SAR for noménal Body TSL parameters normalized 1o 1W 76.0 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measurad 100 mW input power 215 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 21.3 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 486 5.65 mho/m
Measured Body TSL parameters (220202)C 463+6% 571 mho/m 6 %
Body TSL temperature change during test <05"C s -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 em’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.92 Wikg
SAH lor nominal Body TSL parameters normalized to 1W 78.4 Wikg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.20 Wikg
SAR for nominal Body TSL parameters normalized to 1W 21,7 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 485 5.77 mho/m
Measured Body TSL parameters (220x02)°C 462+6% 583 mho/m + 86 %
Body TSL temperature change during test <05°C = s
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAH measured 100 mW input power 8.18 Wikg
SAR for nominal Body TSL parameters normalized to 1W 81.0 Wikg = 19.9 % (k=2)
SAR averaged aver 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 2.26 Wikg
SAR for nominal Body TSL parameters normalized to 1W 223 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
Thae following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220C 482 6.00 mho/m
Measured Body TSL parameters (220202)'C 4509+6% 6.12 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 measurad 100 mW input power 7.50 Wikg
SAR for nominal Body TSL parameters normalized to 1W 74.3 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
SAR measuted 100 mW input power 2.07 Wikg
SAR for nominal Body TSL parameters nomalized to 1W 20.4 Wikg = 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transtormed 1o leed point 4870-97 02

Retum Loss -20.148
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed paint 50.10Q-6.7j0Q

Returmn Loss -235d8
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 515Q-58jQ

Retum Loss -246d8
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed 1o lead point 5380-50iQ

Retun Loss -24.4d8
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5580Q-61i0

Ratumn Loss -220d8
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transiormed 1o lead point 4880-94i0

Ratum Loss -20.4d8
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5060Q-71Q

RAetum Loss -230d8
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed 1o feed pont 518Q-589jQ

Return Loss -2444dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5540-47 0

Return Loss -233dB

Antenna Parameters with Body TSL at 5800 MHz

Impedance, ransformed to feed point 568Q-51K
Retum Loss -22.0d8

General Antenna Parameters and Design

| Etectrical Dalay (one direction) [ 1195 ns B

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna s therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 1o improve maiching when loaded according to the position as explained in the
“Measurement Conditions® paragraph, The SAR data are not atfected by this change. The overall dipole length is still

according to the Standard
No excessive force must be applied 10 the dipole arms, because they might bend or the soldered connections near the
leedpoint 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: 20.02.2013
Test Luboratory: SPEAG, Zurich, Switzerland

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

Communication System: CW; Frequency: 5200 MHz, Frequency: S300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: S800 MHz

Medium parameters used: = 5200 MHz: o = 4.47 S/m; &, = 34.7; p = 1000 kg/m’ , Medium parameters
used: { = 5300 MHz; 0 = 4.57 S/m; &, = 34.5; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; o =
4.74 S/m; & = 34.2; p = 1000 kg/m’ , Medium parameters used: f = 5600 MHz; o = 4.83 S/m; & = 34.1; p=
1000 kg/m”* , Medium parameters used; f = 5800 MHz; 6 = 5.05 S/m; &, = 33.9; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2007)

DASYS52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.91, 491, 4.91); Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76),
Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81); Calibrated: 28.12.2012;

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

« Electronics: DAE4 Sn601; Calibrated: 27.06.2012

« Phantom: Flat Phantom 5.0 (front): Type: QDOOOPSOAA; Serial: 1001
« DASYS5252.8.5(1059); SEMCAD X 14.6,8(7028)

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

Refetence Value = 65.648 V/m; Power Drift = (0,03 dB

Peak SAR (extrapolated) = 30.0 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.31 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 65.925 V/m; Power Dnift = -0.04 dB

Peak SAR (extrapolated) = 30.9 Wrkg

SAR(] g) = 8.18 W/kg: SAR(10 g) = 2.36 W/kg

Maximum value of SAR (measured) = 19.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64.482 Vim; Power Drift = 0.06 dB

Peak SAR (extrupolated) = 33.1 W/ikg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.29 W/kg

Maximum value of SAR (measured) = 19.8 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=!.4mm

Reference Value = 66.269 V/im; Power Drift = 0.04 dB

Peak SAR (extrupolated) = 34.0 W/kg

SAR(] g) = 8.53 W/kg: SAR(10 g) = 243 Wikg

Maximum value of SAR (measured) = 20.8 W/kg

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

Reference Value = 61,769 V/m; Power Drift = 0,05 dB

Peak SAR (extrapolated) = 33.1 W/ikg

SAR(] g) = 7.91 W/kg; SAR(10 g) = 2.25 W/kg

dB
— 0
—{-10.00

-20.00

-30,00

-40.00

50.00

0dB =198 W/kg = 1297 dBW/kg
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Impedance Measurement Plot for Head TSL

20 Feb 2013 16:09:28
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DASYS5 Validation Report for Body TSL

Date: 21.02.2013
Test Laboratory: SPEAG, Zunch, Switzerland

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

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

Medium parameters used: f = 5200 MHz; o = 5.36 S/m; & = 46.9; p = 1000 kg/m’ , Medium parameters
used: f = 5300 MHz: 6 = 5.48 S/m; & =46.7; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz: ¢ =
5.71 S/m; £, = 46.3; p= 1000 kg/m" » Medium parameters used: { = 5600 MHz; 6 =583 S/m; &, =46.2; p =
1000 kg/m’ , Medium parameters used: f = S800 MHz; a = 6.12 S/m; & = 45.9; p = 1000 kg/m'

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

* Probe; EX3DV4 - SN3503; ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.43, 4.43, 4.43); Calibrated: 28.12.2012, ConvF(4.22, 4.22,
4.22); Calibruted: 28.12.2012, ConvF(4.38, 4.38, 4,38); Calibrated: 28.12.2012;

» Sensor-Surface: | 4mm (Mechanical Surfuce Detection)

« [Electronics: DAE4 Sn601: Calibrated: 27.06.2012

» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
» DASY5252.8.5(1059); SEMCAD X 14.6.8(7028)

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

Reference Value = 59.005 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 29.7 Wikg

SAR(1 g) = 7.5 W/kg; SAR(10 g) = 2.1 W/kg

Maximum value of SAR (measured) = 17.9 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 59.257 V/m; Power Drift = -0.01 dB

Peak SAR (extrupolated) = 31.3 W/kg

SAR(1 g) = 7.67 W/kg: SAR(10 g) = 2.15 W/kg

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

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

Reference Value = 59.157 V/m;, Power Drifi = -0.01 dB

Peak SAR (extrupolated) = 34.1 Wikg

SAR(1 2) =7.92 W/kg: SAR(10 g) = 2.2 W/kg

Maximum value of SAR (measured) = 19.4 Wikg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan.
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.204 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 36.5 Wrkg

SAR(] g) = 8.18 W/kg: SAR(10 g) = 2.26 W/kg

Maximum value of SAR (measored) = 20.4 Wikg

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

Reference Value = 55.755 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.2 Wikg

SAR(I g) = 7.5 W/kg; SAR(10 g) = 2.07 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

dB

0

-10.00
-20.00
-30.00
-40.00
-50.00

0dB =19.1 Wikg = 12.81 dBW/kg
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Impedance Measurement Plot for Body TSL

21 Feb 2013 11143109
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