Test report No.:

- Test Laboratory:

Applicant :

Testing has been
- carried out in
| accordance with:

Test result:

Signature

SR SAR TEST REPORT
HCT CO., LTD
EUT Type: 2.4/5GHz BT/WiFi Tablet
FCC ID: ZNFV480
cID: 2703C-V480
Model: LG-V480
* Additional Model: LGV480, vago
' Date of |ssu§: Ju-n. 26, 2014

HCT-A-1406-F011

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

TEL: +82 31 6456300 FAX: +82 31 645 6401

LG Electronics, MobileComm U.S.A,, Inc.
1000 Sylvan Avenue, Englewood Cliffs NJ 07632

RSS-102 Issue 4; Health Canada Safety Code 6
47CFR §2.1093

ANSI/ IEEE C95.1 — 1992

IEEE 1528-2003

The tested device complies with the requirements in respect of all parameters
subject to the test. The test results and statements relate only to the items tested.
The test report shall not be reproduced except in full, without written approval of the |
laboratory.

s

Approved by
: Dong-seob, Kim
Manager of SAR Part

Report prepared by
: Yun-Jeang Hur
Test Engineer of SAR Part




=HCT
FCCID: ZNFV480 Issue Date: Jun. 26, 2014

Revision History

Rev. Issue DATE DESCRIPTION

HCT-A-1406-F011 Jun. 26, 2014 Initial Issue

Report No HCT CO., LTD.
P ’ 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 2 of 96
HCT-A-1406-F011 TEL: +82 31 6456300 FAX: +82 31 645 6401




=HCT
FCCID: ZNFV480 Issue Date: Jun. 26, 2014

Table of Contents

I LV 30 70 10 Lo T T 4
2. TEST METHODOLOGY .....uciieiiiiramrairasmrsamsaamssasssassasmsssms samssasssasmsssmsssmssanssasssssmsssmsssmsssnssansennsssmsssnsssnssssnsas 5
3. DESCRIPTION OF DEVICE....... oo oiieiiaiiaieasieaessessessasmsasmsssmssesssesssa s assmsssmssams samssassessmssems samsssmsssnssssssssnnas 6
4. DESCRIPTION OF TEST EQUIPMENT .......ooioiieiiatiatersmnssmsssmssasssssmsssmssemssess s messmsssmssemssnsssssmessmssems emessmns 7
5. SAR MEASUREMENT PROCEDURE...........cooiiieiies e sss s s s e smessms s sass s sms sems semnsnmssmssms 15
6. DESCRIPTION OF TEST POSITION.......oo i scssessemss e mssems s sass s smsssmssems samnsesmsssmssemessmssnns 17
7. MEASUREMENT UNCERTAINTY ....ciiiieiresreiremne e s samssas s s ssms semssass s smsssmsssmssms s s s smessmssams samsssmns 18
8. ANSI/ IEEE C95.1 - 1992 RF EXPOSURE LIMITS ... s s e sms s s s s s 20
9. SAR SYSTEM VALIDATION ... ees e e e e s smssemssass s sms s s sems samssasn e s sme s smesems s s s sm e messmssmnsssmnsms 21
10. SYSTEM VERIFICATION......c..iiiieiieeeeersessesses s e s s smsssmssemssasssamessmssms samssanssasmessmsssmssemensmessmessmssns 22
11. RF CONDUCTED POWER MEASUREMENT ........cccieeiieirereatremnssms s semssesss s smsssms s s s e smsssmssmenan 24
12. SAR Test configuration & Antenna INformation ... 30
13. SAR TEST DATA SUMMARY .....ooiiiiiiirimeessesses s e sssmsssmssemssasssasssamssams samssasssasmsssmsssmsssmsssnsssmsssnsssns 31

13.1 Measurement ReSUItS (WLAN SARY) ... 31

13.2 SAR TESTINOLES ...ttt e bt s e e s b e e b e e nineas 32
14. SAR Measurement Variability and Uncertainty ..........ccccccmvimmniminssnnscsmns s s snsssssses s 33
T 00 T 0 I [0 34
16. REFERENGCES .........ooi ittt s s s s s s e e st s S e e e e s msbae R e e m e s mnnnnnans 35
Attachment 1. — SAR TeSt PIOtS ....ccuiiiiiiiiis s s s s s s s s 36
Attachment 2. — Dipole Verification PIOts........c.cccouviiiiiminssmmnnis s s s 42
Attachment 3. — Probe Calibration Data............ccccureminimmiimnnnnns s s ssss s seseses 49
Attachment 4. — Dipole Calibration Data .........c.ccccuviimiimmmisssmnsssins s s s sses s 72
Report No. HCT CO., LTD.

74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 3 of 96
HCT-A-1406-F011 TEL: +82 31 6456300 FAX: +82 31 645 6401



CT

T OO, LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

1. INTRODUCTION

The FCC has adopted the guidelines for evaluating the environmental effects of radio frequency radiation in
ET Docket 93-62 on Aug. 6, 1996 to protect the public and workers from the potential hazards of RF
emissions due to FCC-regulated portable devices.

The safety limits used for the environmental evaluation measurements are based on the criteria published by
the American National Standards Institute (ANSI) for localized specific absorption rate (SAR) in IEEE/ANSI
C95.1-1992 Standard for Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz. 1992 by the Institute of Electrical and Electronics Engineers, Inc.,
New York, New York 10017. The measurement procedure described in IEEE/ANSI C95.3-1992
Recommended Practice for the Measurement of Potentially Hazardous Electromagnetic Fields - RF and
Microwave is used for guidance in measuring SAR due to the RF radiation exposure from the Equipment
Under Test (EUT). These criteria for SAR evaluation are similar to those recommended by the National
Council on Radiation Protection and Measurements (NCRP) in Biological Effects and Exposure Criteria for
Radio frequency Electromagnetic Fields,” NCRP Report No. 86 NCRP, 1986, Bethesda, MD 20814. SAR is a
measure of the rate of energy absorption due to exposure to an RF transmitting source. SAR values have
been related to threshold levels for potential biological hazards.

SAR Definition

Specific Absorption Rate (SAR) is defined as the time derivative of the incremental electromagnetic
energy(d W) absorbed by (dissipated in) an incremental mass (dm) contained in a volume element(d V) of a
given density(r). It is also defined as the rate RF energy absorption per unit mass at a point in an absorbing
body.

SAR—d(dU)— d (dU)
S dt \dm/ — dt pdv

Figure 1. SAR Mathematical Equation
SAR is expressed in units of Watts per Kilogram (W/kg)
SAR = o E*/p

Where:

o = conductivity of the tissue-simulant material (S/m)

p = mass density of the tissue-simulant material (kg/m)
E = Total RMS electric field strength (V/m)

NOTE: The primary factors that control rate of energy absorption were found to be the wavelength of the
incident field in relations to the dimensions and geometry of the irradiated organism, the orientation of the
organism in relation to the polarity of field vectors, the presence of reflecting surfaces, and whether
conductive contact is made by the organism with a ground plane.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC KDB Procedure, IEEE Standard
1528-2003 & IEEE 1528a-2005 and the following published KDB procedures.

FCC KDB Publication 248227 D01v01r02(SAR Considerationa for 802.11 Devices)
- FCC KDB Publication 447498 D01v05r02 (General SAR Guidance)

- FCC KDB Publication 616217 D04v01r01 (Tablet SAR Considerations)

- FCC KDB Publication 865664 D01 SAR measurement 100 MHz to 6 GHz v01r03

- FCC KDB Publication 865664 D02 SAR Reporting v01r01
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3. DESCRIPTION OF DEVICE

Environmental evaluation measurements of specific absorption rate (SAR) distributions in emulated human
head and body tissues exposed to radio frequency (RF) radiation from wireless portable devices for
compliance with the rules and regulations of the U.S. Federal Communications Commission (FCC).

EUT Type

FCC ID:

IC ID:

Model:

Additional Model:

Trade Name

Application Type

Mode(s)
of Operation

Tx Frequency

Production Unit
or Identical
Prototype

Max. SAR

Date(s) of Tests

Antenna Type

Report No.
HCT-A-1406-F011

2.4/5GHz BT/WiFi Tablet
ZNFV480

2703C-V480

LG-V480

LGVv480, V480

LG Electronics, MobileComm U.S.A., Inc.

Certification

802.11a/b/g/n

2 412 - 2 462 MHz (802.11b/g/n) / 5 180 - 5 825 MHz (802.11a/n)

Prototype
Tx Frequency
Band (MHz)

802.11b 2412 -2462
802.11a 5745-5825
802.11a 5180 -5 240
802.11a 5260 -5 320
802.11a 5500-5700
Bluetooth 2402 -2480

Jun. 19, 2014 ~ Jun. 23, 2014

Integral Antenna

HCT co., LTD.

Equipment Class

DTS

DTS

UNII

UNII

UNII

DSS/DTS
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0.61
0.55
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4. DESCRIPTION OF TEST EQUIPMENT
4.1 SAR MEASUREMENT SETUP

These measurements are performed using the DASY4 automated dosimetric assessment system. It is made
by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland. It consists of high precision robotics
system (Staubli), robot controller, Pentium 1ll computer, near-field probe, probe alignment sensor, and the
generic twin phantom containing the brain equivalent material. The robot is a six-axis industrial robot
performing precise movements to position the probe to the location (points) of maximum electromagnetic field
(EMF) (see Figure.2).

A cell controller system contains the power supply, robot controller, teach pendant (Joystick), and remote
control, is used to drive the robot motors. The PC consists of the HP Pentium IV 3.0 GHz computer with
Windows XP system and SAR Measurement Software DASY4, A/D interface card, monitor, mouse, and
keyboard. The Staubli Robot is connected to the cell controller to allow software manipulation of the robot. A
data acquisition electronic (DAE) circuit performs the signal amplification, signal multiplexing, AD-conversion,
offset measurements, mechanical surface detection, collision detection, etc. is connected to the
Electro-optical coupler (EOC). The EOC performs the conversion from the optical into digital electric signal of
the DAE and transfers data to the PC plug-in card.

TTES

T "

N

Figure 2. HCT SAR Lab. Test Measurement Set-up

The DAE4 consists of a highly sensitive electrometer-grade preamplifier with auto-zeroing, a channel and
gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic unit.
Transmission to the PC-card is accomplished through an optical downlink for data and status information and
an optical uplink for commands and clock lines. The mechanical probe mounting device includes two different
sensor systems for frontal and sidewise probe contacts. They are also used for mechanical surface detection
and probe collision detection. The robot uses its own controller with a built in VME-bus computer. The system
is described in detail in.

Report No HCT CO., LTD.
P ’ 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 7 of 96
HCT-A-1406-F011 TEL: +82 31 6456300 FAX: +82 31 645 6401



CT

HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

4.2 DASY E-FIELD PROBE SYSTEM
4.1 ET3DV6 Probe Specification

Construction Symmetrical design with triangular core
Built-in optical fiber for surface detection System
Built-in shielding against static charges

Calibration In air from 10 MHz to 2.5 GHz
In brain and muscle simulating tissue at
Frequencies of 450 MHz, 900 MHz and
1.8 GHz (accuracy: 8 %)

Frequency 10 MHz to > 3 GHz; Linearity: + 0.2 dB
(30 MHz to 3 GHz)

Directivity + 0.2 dB in brain tissue (rotation around probe axis)
+ 0.4 dB in brain tissue (rotation normal probe axis)

Dynamic 5 pW/g to > 100 mWi/g;

Range Linearity: +0.2dB

Surface + 0.2 mm repeatability in air and clear liquids
Detection over diffuse reflecting surfaces.
Dimensions Overall length: 330 mm

Tip length: 16 mm

Body diameter: 12 mm

Tip diameter: 6.8 mm

Distance from probe tip to dipole centers: 2.7 mm

Application General dissymmetry up to 3 GHz
Compliance tests of WCDMA/LTE Phones
Fast automatic scanning in arbitrary phantoms Figure 3. Photograph of the probe

and the Phantom

The SAR measurements were conducted with the dosimetric probe
ET3DV6, designed in the classical triangular configuration and
optimized for dosimetric evaluation. The probe is constructed using
the thick film technique; with printed resistive lines on ceramic
substrates. The probe is equipped with an optical multifiber line
ending at the front of the probe tip. It is connected to the EOC box
on the robot arm and provides an automatic detection of the
phantom surface. Half of the fibers are connected to a pulsed
infrared transmitter, the other half to a synchronized receiver. As
the probe approaches the surface, the reflection from the surface
produces a coupling from the transmitting to the receiving fibers.
This reflection increases first during the approach, reaches a
maximum and then decreases. If the probe is flatly touching the
surface, the coupling is zero. The distance of the coupling
maximum to the surface is independent of the surface reflectivity
and largely independent of the surface to probe angle. The DASY4
software reads the reflection duringa software approach and looks
for the maximum using a 2" order fitting. The approach is stopped
at reaching the maximum.

Figure 4. ET3DVG6 E-field Probe
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4.2.1 EX3DV4 Probe Specification

Construction

Calibration

Frequency

Directivity

Dynamic Range

Dimensions

Application

Figure 6. EX3DV4 E-field Probe

Report No.
HCT-A-1406-F011

Symmetrical design with triangular core Interleaved sensors
Built-in shielding against static charges
PEEK enclosure material (resistant to organic solvents, e.g., DGBE)

Basic Broad Band Calibration in air

Conversion Factors (CF) for HSL 900 and HSL 1810
Additional CF for other liquids and frequencies upon request
10 MHz to 4 GHz; Linearity: = 0.2 dB (30 MHz to 4 GHz)

+ 0.2 dB in HSL (rotation around probe axis)
+ 0.3 dB in tissue material (rotation normal to probe axis)

5 uWi/g to > 100 mW/g; Linearity: = 0.2 dB

Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 3.9 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.0 mm

General dosimetry up to 4 GHz
Dosimetry in strong gradient fields
Compliance tests of mobile phones

Figure 5. Photograph of the probe
and the Phantom

The SAR measurements were conducted with the dosimetric probe EX3DV4,
designed in the classical triangular configuration and optimized for dosimetric
evaluation. The probe is constructed using the thick film technique; with printed
resistive lines on ceramic substrates. The probe is equipped with an optical
multifiber line ending at the front of the probe tip. It is connected to the EOC box on
the robot arm and provides an automatic detection of the
phantom surface. Half of the fibers are connected to a pulsed infrared transmitter,
the other half to a synchronized receiver. As the probe approaches the surface, the
reflection from the surface produces a coupling from the transmitting to the
receiving fibers. This reflection increases first during the approach, reaches a
maximum and then decreases. If the probe is flatly touching the surface, the
coupling is zero. The distance of the coupling maximum to the surface is
independent of the surface reflectivity and largely independent of the surface to
probe angle. The DASY4 software reads the reflection during a software
approach and looks for the maximum using a 2" order fitting. The approach is
stopped at reaching the maximum.

HCT co., LTD.
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4.3 PROBE CALIBRATION PROCESS
4.3.1 E-Probe Calibration

Each probe is calibrated according to a dosimetric assessment procedure with an accuracy better than + 10 %.
The spherical isotropy was evaluated with the proper procedure and found to be better than + 0.25 dB. The
sensitivity parameters (NormX, NormY, NormZ), the diode compression parameter (DCP) and the conversion
factor (ConvF) of the probe is tested.

The free space E-field from amplified probe outputs is determined in a test chamber. This is performed in a
TEM cell for frequencies bellow 1 GHz, and in a waveguide above 1 GHz for free space. For the free space
calibration, the probe is placed in the volumetric center of the cavity and at the proper orientation with the field.
The probe is then rotated 360 degrees.

E-field temperature correlation calibration is performed in a flat phantom filled with the appropriate simulated
brain tissue. The measured free space E-field in the medium correlates to temperature rise in a dielectric
medium. For temperature correlation calibration a RF transparent thermistor-based temperature probe is
used in conjunction with the E-field probe.

AT E2
SAR = C=— SAR = lEl-e
At p
where: where:
At = exposure time (30 seconds), o = simulated tissue conductivity,
C = heat capacity of tissue (brain or muscle), p = Tissue density (1.25 g/cn for brain tissue)
AT = temperature increase due to RF exposure.
SAR is proportional to AT/At, the initial rate of tissue
heating, before thermal diffusion takes place.
Now it’s possible to quantify the electric field in the
simulated tissue by equating the thermally derived
SAR to the E-field;
1
m
L] '.
' 1 b
{ =0 |
T -—r& — o 5 L
Y . 1
: ) Er= T iﬁn LMA = 10 mm |
; " Jssz] |
3 [ 2= 50 mm | |
b l e
|.3h.€£ %; I |ni‘ b, | ] & el
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)
Figure 7. E-Field and Temperature Figure 8. E-Field and temperature
measurements at 900 MHz measurements at 1.8 GHz
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4.3.2 Data Extrapolation

The DASY4 software automatically executes the following procedures to calculate the field units from the
microvolt readings at the probe connector. The first step of the evaluation is a linearization of the filtered input
signal to account for the compression characteristics of the detector diode. The compensation depends on the
input signal, the diode type and the DC-transmission factor from the diode to the evaluation electronics. If the
exciting field is pulsed, the crest factor of the signal must be known to correctly compensate for peak power.
The formula for each channel can be given like below;

Vi =U; + Uiz : dcf : with V; = compensated signal of channel i (i=x,y,z)
Pi U; =input signal of channel i (i=x,y,2)

cf = crest factor of exciting field (DASY parameter)

dcp; = diode compression poing (DASY parameter)

From the compensated input signals the primary field data for each channel can be evaluated:

E-field probes: with V; = compensated signal of channel i (i=x,y,z)
o Norm; = sensor sensitivity of channel i (i=x,y,z)
E; = \/m uv/(V/m)? for E-field probes
v ConvF = sensitivity of enhancement in solution
E; = electric field strength of channel i in V/m

The RSS value of the field components gives the total field strength (Hermetian magnitude):

Eior = EZ + E2 + EZ

The primary field data are used to calculate the derived field units.

[

SAR = E;2, - 271000 with SAR = local specific absorption rate in W/g
E.,; = total field strength in V/m
o = conductivity in [mho/m] or [Siemens/m]
p = equivalent tissue density in g/cm?

The power flow density is calculated assuming the excitation field to be a free space field.

2 . . .
Ppye = 357::) with Powe = equwalentlpoyver density qf a plane wave in w/cm?
E.: = total electric field strength in V/m
Report No HCT co., LTD.
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4.4 SAM Phantom

The shell corresponds to the specifications of the Specific Anthropomorphic
Mannequin (SAM) phantom defined in IEEE 1528 and IEC 62209-1. It enables the | —

dosimetric evaluation of left and right hand phone usage as well as body mounted ‘ T e |
usage at the flat phantom region. A cover prevents evaporation of the liquid. j
Reference markings on the phantom allow the complete setup of all predefined
phantom positions and measurement grids by teaching three points with the robot.

Figure 9. SAM Phantom

Shell Thickness 2.0 mm £ 0.2 mm (6 = 0.2 mm at ear point)
Filling Volume about 25 L
Dimensions 810 mm x 1 000 mm x 500 mm (H x L x W)

Triple Modular Phantom consists of tree identical modules which can be installed
and removed separately without emptying the liquid. It includes three reference
points for phantom installation. Covers prevent evaporation of the liquid.
Phantom material is resistant to DGBE based tissue simulating liquids. The MFP
V5.1 will be delivered including wooden support only (non-standard SPEAG
support).

Applicable for system performance check from 700 MHz to 6 GHz (MFP V5.1C)
or 800 MHz - 6 GHz (MFP V5.1A) as well as dosimetric evaluations for
body-worn operation.

Shell Thickness 2.0 mm +0.2 mm
Filling Volume approx. 9.2 L
Dimensions 830 mm x 500 mm (L x W) Figure 10. MFP V5.1 Triple Modular

Phantom

4.5 Device Holder for Transmitters

In combination with the SAM Phantom V 4.0, the Mounting Device (POM) enables the
rotation of the mounted transmitter in spherical coordinates whereby the rotation
points is the ear opening. The devices can be easily, accurately, and repeatable
positioned according to the FCC and CENELEC specifications. The device holder can
be locked at different phantom locations (left head, right head, flat phantom).

Note: A simulating human hand is not used due to the complex anatomical and
geometrical structure of the hand that may produced infinite number of configurations.
To produce the Worst-case condition (the hand absorbs antenna output power),

the hand is omitted during the tests. Figure 11. Device Holder
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4.6 Tissue Simulating Mixture Characterization

The mixture is characterized to obtain proper dielectric constant (permittivity) and conductivity of the tissue
of interest. The tissue dielectric parameters recommended in IEEE 1528 and IEC 62209 have been used as
targets for the compositions, and are to mach within 5%, per the FCC recommendations

Ingredients
(% by weight)
Tissue Type
Water

Salt (NaCl)
Sugar

HEC
Bactericide
Triton X-100

DGBE

Diethylene glycol hexyl ether

Salt:

Water:

DGBE:

Triton X-100(ultra pure):

Frequency (MHz)
1900 2450 ~2700 5200 - 5 800
Head Body Head Body Head Body Head Body
40.45 53.06 54.9 70.17 71.88 73.2 65.52 78.66
1.45 0.94 0.18 0.39 0.16 0.1 0.0 0.0
57.0 44.9 0.0 0 0.0 0.0 0.0 0.0
1.0 1.0 0.0 0 0.0 0.0 0.0 0.0
0.1 0.1 0.0 0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 19.97 0.0 17.24 10.67
0.0 0.0 44.92 29.44 7.99 26.7 0.0 0.0
- - - - 17.24 10.67
99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose
De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose

99 % Di(ethylene glycol) butyl ether,[2-(2-butoxyethoxy) ethanol]

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

Table 4.1 Composition of the Tissue Equivalent Matter

HCT co., LTD.
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4.7 SAR TEST EQUIPMENT

Manufacturer Type / Model S/IN Calib. Date | Calib.Interval | Calib.Due
SPEAG SAM Phantom - N/A N/A N/A

SPEAG Triple Modular Phantom - N/A N/A N/A

Staubli Robot TX90 XLspeag F11/5K3RA1/A/01 N/A N/A N/A

Staubli Robot ControllerCS7MB F11/5K3RA1/C/01 N/A N/A N/A

HP Pavilion t000_puffer KRJ51201TV N/A N/A N/A

SPEAG Light Alignment Sensor SE UKS 030 AA N/A N/A N/A

Staubli Teach Pendant (Joystick) D21142603 N/A N/A N/A

SPEAG DAE4 1417 Jan.03, 2014 Annual Jan.03, 2015
SPEAG DAE4 652 Mar.26, 2014 Annual Mar.26, 2015
SPEAG E-Field Probe EX3DV4 3968 Jan.08, 2014 Annual Jan.08, 2015
SPEAG E-Field Probe EX3DV4 3863 Jul. 31, 2013 Annual Jul. 31, 2014
SPEAG Dipole D2450V2 743 Aug. 23, 2013 Annual Aug. 23, 2014
SPEAG Dipole D5GHzV2 1107 Jan. 27, 2014 Annual Jan. 27, 2015
Agilent Power Meter(F) E4419B MY41291386 Nov. 01, 2013 Annual Nov. 01, 2014
Agilent Power Sensor(G) 8481 MY41090680 Oct. 30, 2013 Annual Oct. 30, 2014
HP Dielectric Probe Kit 85070C 00721521 CBT

HP Dual Directional Coupler 16072 Oct. 31, 2013 Annual Oct. 31, 2014
Agilent Base Station E5515C GB44400269 Feb. 10, 2014 Annual Feb. 10, 2015
HP Signal Generator 8664A 3744A02069 Nov. 04, 2013 Annual Nov. 04, 2014
Hewlett Packard 11636B/Power Divider 11377 Nov. 10. 2013 Annual Nov. 11. 2014
Agilent N9020A/ SIGNAL ANALYZER MY50510407 Mar. 25, 2014 Annual Mar. 25, 2015
TESCOM TC-3000C / BLUETOOTH 3000C000276 Apr. 11, 2014 Annual Apr. 11. 2015
HP Network Analyzer 8753ES JP39240221 Mar. 21, 2014 Annual Mar. 21, 2015
NOTE:

1. The E-field probe was calibrated by SPEAG, by the waveguide technique procedure. Dipole Verification
measurement is performed by HCT Lab. before each test. The brain/body simulating material is calibrated by HCT using the dielectric

probe system and network analyzer to determine the conductivity and permittivity
(dielectric constant) of the brain/body-equivalent material.

2. CBT(Calibrating Before Testing). Prior to testing, the dielectric probe kit was calibrated via the network analyzer, with the specified
procedure(calibrated in pure water) and calibration kit(standard) short circuit, before the dielectric measurement. The specific procedure
and calibration kit are provided by Agilent
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5. SAR MEASUREMENT PROCEDURE

The evaluation was performed with the following procedure:

1. The SAR value at a fixed location above the ear point was measured and was used as a reference value
for assessing the power drop.

2. The SAR distribution at the exposed side of the head was measured at a distance of 3.9 mm from the
inner surface of the shell. The area covered the entire dimension of the head and the horizontal grid
spacing was 15 mm x 15 mm. Based on this data, the area of the maximum absorption was determined
by spline interpolation.

3. Around this point, a volume of 32 mm x 32 mm x 30 mm was assessed by measuring 5 x 5 x 7 points. On
this basis of this data set, the spatial peak SAR value was evaluated with the following procedure:
a. The data at the surface were extrapolated, since the center of the dipoles is 2.7 mm away from the tip
of the probe and the distance between the surface and the lowest measuring point is 1.2 mm. The
extrapolation was based on a least square algorithm. A polynomial of the fourth order was calculated
through the points in z-axes. This polynomial was then used to evaluate the points between the surface
and the probe tip.
b. The maximum interpolated value was searched with a straight-forward algorithm. Around this
maximum the SAR values averaged over the spatial volumes (1 g or 10 g) were computed using the
3D-Spline interpolation algorithm. The 3D-spline is composed of three one-dimensional splines with the
“Not a knot” condition (in X, y, and z directions. The volume was integrated with the trapezoidal algorithm.
One thousand points (10 x 10 x 10) were interpolated to calculate the average.
c. All neighboring volumes were evaluated until no neighboring volume with a higher average value was
found.

4. The SAR value, at the same location as procedure #1, was re-measured. If the value changed by more
than 5 %, the evaluation is repeated.

Origin Y-axis
' o«

-

X-axis

Figure 12. SAR Measurement Point in Area Scan

First Area Scan is used to locate the approximate location(s) of the local peak SAR value(s).

The measurement grid within an Area Scan is defined by the grid extend, grid step size and grid offset. Next,
in order to determine the EM field distribution in a three-dimensional spatial extension, Zoom Scan is required.
The Zoom Scan is performed around the hightest E-field value to determine the averaged SASR-distribution
over 10g.

Area scan and zoom scan resolution setting follow KDB 865664 D01v01r03 quoted below
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Maximum area scan spatial resolution: Axams, AV ama

2-3GHz <12 mm

Issue Date: Jun. 26, 2014
=3GHz =3 GHz
Maxinmum distance from closest measurement pomt i
(geometric center of probe sensors) to phantom surface 541 mm A510(2) £ 0.5 mm
Maxinmm probe angle from probe axis to phantom surface G e Rl
; 3001 200%1

normal at the measurement location

=2GHz < 15mm 3-4GHz<12mm

4-6GHz <10 mm

pomt on the test device.

When the x or y dimension of the test device, mn the
measwrement plane cnientation. 1s smaller than the above, the
measurement resolution must be < the correspondmg x or y
dimension of the test device with at least one measurement

Maximum zoom scan spatial resolution” Axzaem. AVZoem

=2GHz: =8 mm
2-3GHz = 5Smm’

3-4GHz =5 nm’
4-6GHz: =4 mm’

3-4GHz=4mm
uniform grid: Azz,om(1) =5 mm 4-5GHz =3mm
5-6 GHz: = 2mm
Maximum zoom scan A2Zoc(1): between 1% 3-4GHz-=3mm
Wmmﬂﬁm two points closest to < 4 mm 4-5GHz <25mm
1o fo phantom phantom surface 5—6GHz <2
surface graded -
enid
AZzomd(n>1): between 1
subsequent points = 1.5-Azgpom(n-1)
finimum zoom 3-4GHz =28 mm
o e |==a = 30 mm 4-5GHz =25 nm
5-6GHz=22mm

2011 for details.

GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Note: & 15 the penefration depth of a plane-wave at normal incidence to the fissue medmm: see draft standard IEEE P1528-

" When zoom scan is required and the reporred SAR from the area scan based ]-g SAR estimation procedures of KDB
44749845 = 1.4 Wihke, < 8 nm_ < 7 mm and = 5 mm zoom scan resolution may be applied. respectively, for 2 GHz to 3
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6. DESCRIPTION OF TEST POSITION

6.1 Full size Tablet Configurations

Due to its diagonal dimension this device can be used in full sized tablet exposure conditions. Per FCC KDB
616217 D04v01r01, the back surface and edges of the tablet should be tested for SAR compliance with the
tablet touching the phantom. The SAR Test exclusion threshold in KDB 447498 D01v05r02 can be applied to

determine SAR test exclusion for adjacent edge configurations. The closest distance from the antenna to an

adjacent tablet edge is used to determine if SAR testing is required for the adjacent edges, with the adjacent
edge positioned against the phantom and the edge containing the antenna positioned perpendicular to the

phantom.
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7. MEASUREMENT UNCERTAINTY

Error Tol Prob. Standard

Description dist. Div. Ci Uncertainty Veif

(£ %) (x %)

1. Measurement System
Probe Calibration 6.00 N 1 1 6.00 g
Axial Isotropy 4.70 R 1.73 0.7 1.90 a
Hemispherical Isotropy 9.60 R 1.73 0.7 3.88 0
Boundary Effects 1.00 R 1.73 1 0.58 0
Linearity 4.70 R 1.73 1 2.71 0
System Detection Limits 1.00 R 1.73 1 0.58 0
Readout Electronics 0.30 N 1.00 1 0.30 a
Response Time 0.8 R 1.73 1 0.46 0
Integration Time 2.6 R 1.73 1 1.50 g
RF Ambient Conditions 3.00 R 1.73 1 1.73 g
Probe Positioner 0.40 R 1.73 1 0.23 g
Probe Positioning 2.90 R 1.73 1 1.67 0
Max SAR Eval 1.00 R 1.73 1 0.58 g

2.Test Sample Related
Device Positioning 2.90 N 1.00 1 2.90 145
Device Holder 3.60 N 1.00 1 3.60 5
Power Drift 5.00 R 1.73 1 2.89 0

3.Phantom and Setup
Phantom Uncertainty 4.00 R 1.73 1 2.31 a
Liquid Conductivity(target) 5.00 R 1.73 0.64 1.85 i
Liquid Conductivity(meas.) 2.07 N 1 0.64 1.32 9
Liquid Permitivity(target) 5.00 R 1.73 0.6 1.73 0
Liquid Permitivity(meas.) 5.02 N 1 0.6 3.01 9
Combind Standard Uncertainty 11.13
Coverage Factor for 95 % k=2
Expanded STD Uncertainty 22.25

Table 7.1 Uncertainty (800 MHz - 2 450 MHz)
Report No. 74, Seoicheon-ro 578 beon-gil, Maja:g:rmsgc;trc?\.eon-si, Gyeonggi-do, Korea 467-811 18 of 96
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Error Tol Prob. Standard
Description dist. Div. Ci Uncertainty Veif
(& %) (= %)

1. Measurement System
Probe Calibration 6.55 N 1 1 6.55 o0
Axial Isotropy 4.70 R 1.73 0.7 1.90 o0
Hemispherical Isotropy 9.60 R 1.73 0.7 3.88 o0
Boundary Effects 1.00 R 1.73 1 0.58 o0
Linearity 4.70 R 1.73 1 2.71 0
System Detection Limits 1.00 R 1.73 1 0.58 o0
Readout Electronics 0.30 N 1.00 1 0.30 0
Response Time 0.8 R 1.73 1 0.46 0
Integration Time 26 R 1.73 1 1.50 0
RF Ambient Conditions 3.00 R 1.73 1 1.73 0
Probe Positioner 0.40 R 1.73 1 0.23 0
Probe Positioning 2.90 R 1.73 1 1.67 o0
Max SAR Eval 1.00 R 1.73 1 0.58 0

2.Test Sample Related
Device Positioning 2.90 N 1.00 1 2.90 145
Device Holder 3.60 N 1.00 1 3.60 5
Power Drift 5.00 R 1.73 1 2.89 0

3.Phantom and Setup
Phantom Uncertainty 4.00 R 1.73 1 2.31 0
Liquid Conductivity(target) 5.00 R 1.73 0.64 1.85 0
Liquid Conductivity(meas.) 2.07 N 1 0.64 1.32 9
Liquid Permitivity(target) 5.00 R 1.73 0.6 1.73 0
Liquid Permitivity(meas.) 5.02 N 1 0.6 3.01 9
Combind Standard Uncertainty 11.43
Coverage Factor for 95 % k=2
Expanded STD Uncertainty 22.86

Table 7.2 Uncertainty (5 000 MHz - 5 900 MHz)
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8. ANSI/ IEEE C95.1 - 1992 RF EXPOSURE LIMITS

UNCONTROLLED CONTROLLED
HUMAN EXPOSURE ENVIRONMEN.T ENVIRON.MENT
General Population Occupational
(W/kg) or (mWi/g) (W/kg) or (mWi/g)
SPATIAL PEAK SAR* 160 8.00
(Brain)
SPATIAL AVERAGE SAR 0.08 0.40
(Whole Body)
SPATIAL PEAK SAR 4.00 20.00

(Hands / Feet / Ankle / Wrist)

Table 8.1 Safety Limits for Partial Body Exposure

NOTES:

* The Spatial Peak value of the SAR averaged over any 1 g of tissue (defined as a tissue volume in
the shape of a cube) and over the appropriate averaging time.

** The Spatial Average value of the SAR averaged over the whole-body.

*** The Spatial Peak value of the SAR averaged over any 10 g of tissue (defined as a tissue volume
in the shape of a cube) and over the appropriate averaging time.

Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure.

Controlled Environments are defined as locations where there is exposure that may be incurred by persons
who are aware of the potential for exposure, (i.e.as a result of employment or occupation).
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9. SAR SYSTEM VALIDATION

Per FCC KCB 865664 D02v01r01, SAR system validation status should be document to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system validation,
according to the procedures outlined in IEEE 1528-2003 and FCC KDB 865664 D01v01r03. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the
valid frequency range of the probe calibration point, using the system that normally operates with the probe
for routine SAR measurements and according to the required tissue-equivalent media.

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

Sj:teRm probe Probe Dielectric Parameters CW Validation Modulation Validation
Probe Type Ca:ijt;rierl]ttion Dipole Date Measured Measured e Probe Probe MOD. Duty
# Permittivity | Conductivity Sensitivity Linearity | Isortopy | Type | Factor PAR
9 3968 | EX3DV4 | Body | 2450 | 743 | Jan. 23,2014 53.2 1.94 PASS PASS PASS | OFDM N/A | PASS
1 3863 | EX3DV4 | Body | 5200 | 1107 | Feb.14,2014 48.9 5.27 PASS PASS PASS | OFDM N/A | PASS
1 3863 | EX3DV4 | Body | 5300 | 1107 | Feb.14,2014 48.5 5.38 PASS PASS PASS | OFDM N/A | PASS
1 3863 | EX3DV4 | Body | 5500 | 1107 | Feb.14,2014 48.1 5.63 PASS PASS PASS | OFDM N/A | PASS
1 3863 | EX3DV4 | Body | 5600 | 1107 | Feb.14,2014 47.8 5.72 PASS PASS PASS | OFDM N/A | PASS
1 3863 | EX3DV4 | Body | 5800 | 1107 | Feb.14,2014 47.3 5.94 PASS PASS PASS | OFDM N/A | PASS
SAR System Validation Summary
Note;

All measurement were performed using probes calibrated for CW signal only. Modulations in the table bove
represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01r03. SAR system were validated for modulated signals with a periodic duty cycle,
such as GMSK, or with a high peak to average ratio (>5 dB), such as OFDM according to KDB 865664
D01v01r03.
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10. SYSTEM VERIFICATION

10.1 Tissue Verification

Freq. Date Probe Dipole | Liquid 'II_'qurrljlp;:| Parameters Target Measured Deviation Limit
[MHZ] C] Value Value [%] [%]
| 952 | soo0 | 1y | oy | 107 | 5r |2l | o8 | 471 | e
a0 | @ coay | ava | —te| B0 |z |- 1de | s
oo | o | 0|t |- ar |
som | M l5 | s | w07 ooy | e | 5o | 0 | e | am |
5600 | 0. Body | 214 o 577 T sses | soat i
som | 5. ooy | ava | 5| w2 e |z | e

The Tissue dielectronic parameters were measured prior to the SAR evaluation using an Agilent 85070C
Dielectronic Probe Kit and Agilent Network Analyzer.

10.2 System Verification

Prior to assessment, the system is verified to the £ 10 % of the specifications at 2 450MHz / 5 200 MHz/ 5 300
MHz/ 5 500 MHz/5 600 MHz/ 5 800 MHz by using the system Verification kit. (Graphic Plots Attached)

System Verification Results

L 1 W Target 1W
Freq. Probe | Dipole _— Amb. Liquid SAR1q Measured Normalized | Deviation | Limit
Date Liquid | Temp. | Temp. SAR¢q
[MHZz] (SN) (SN) ] °C] (SPEAG) (MW/g) SAR1q [%] [%]
(mWig) 9 (mWig)
2450 | Jun- 23, Body | 19.9 | 19.7 50.5 4.98 49.8 -1.39 | +10
2014
Jun. 23 3968 743 -
2450 | “o0, Body | 19.9 | 19.7 52.4" 4.98 49.8 -496 | +10
5 200 “'“2%'1119’ Body | 21.6 | 21.4 74.7 7.47 74.7 +0.00 | +10
5300 JUZT)'1149’ Body 21.6 214 75.8 7.55 75.5 -040 |+10
5500 JUZT)'1149’ 3863 | 1107 Body 216 214 79.1 7.72 77.2 -240 |+10
5600 JUZT)'1149’ Body 21.6 214 80.2 7.81 78.1 -262 | +10
5800 JLJZ%'1119’ Body 21.6 21.4 74.4 7.54 75.4 +1.34 | £10
*Note 1 : Per RSS-102, 2450MHz body 1W target value(52.4 mW/g) is added for IC.
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10.3 System Verification Procedure

SAR measurement was prior to assessment, the system is verified to the + 10 % of the specifications at each
frequency band by using the system Verification kit. (Graphic Plots Attached)

- Cabling the system, using the Verification kit equipments.

- Generate about 100 mW Input Level from the Signal generator to the Dipole Antenna.

- Dipole Antenna was placed below the Flat phantom.

- The measured one-gram SAR at the surface of the phantom above the dipole feed-point should be within 10 %
of the target reference value.

- The results are normalized to 1 W input power.

Note;

SAR Verification was performed according to the FCC KDB 865664 D01v01r03.
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11. RF CONDUCTED POWER MEASUREMENT

Power measurements were performed using a base station simulator under digital average power.
The device was placed into a simulated call using a base station simulator in a shielded chamber.
Such test signals offer a consistent means for testing SAR and are recommended for evaluation SAR

11.1 Output Power Specifications.

This device operates using the following maximum output power specifications. SAR values were scaled to
the maximum allowed power to determine compliance per KDB publication 447498 D01v05r02.

Wifi
Mode / Band
Wifi
(Average 2.4 GHz 5 GHz
Power) 802.11n 802.11n
802.11b 802.11¢g 802.11n 802.11a (20MHz) (40MHz)
Maximum 13 dBm 10 dBm 8 dBm 9 dBm 8 dBm 8 dBm
Nominal 12 dBm 9 dBm 7 dBm 8 dBm 7 dBm 7 dBm
BT.
Bluetooth Mode / Band
(Average Power) 1Mbps(GFSK) 2Mbps(DPSK) 3Mbps(8DPSK) LE
Maximum 7 dBm 5dBm 5dBm 3 dBm
Nominal 6 dBm 4 dBm 4 dBm 2 dBm
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11.2 WiFi
11.2.1 SAR Testing for 802.11a/b/g/n modes

General Device Setup

Normal Network operating configurations are not suitable for measuring the SAR of 802.11 a/b/g transmitters.
Unpredictable fluctuations in network traffic and antenna diversity conditions can introduce undesirable
variations in SAR results. The SAR for these devices should be measured using chipset based test mode
software to ensure the results are consistent and reliable.

Chipset based test mode software is hardware dependent and generally varies among manufacturers. The
device operating parameters established in test mode for SAR measurements must be identical to those
programmed in production units, including output power levels, amplifier gain settings and other RF
performance tuning parameters. The test frequencies should correspond to actual channel frequencies
defined for domestic use. SAR for devices with switched diversity should be measured with only one antenna
transmitting at a time during each SAR measurement, according to a fixed modulation and data rate. The
same data pattern should be used for all measurements.

Frequency Channel Configurations

802.11 a/b/g and 4.9 GHz operating modes are tested independently according to the service requirements in
each frequency band. 802.11 b/g modes are tested on channels 1, 6 and 11.802.11a is tested for UNII
operations on channels 36 and 48 in the 5.15-5.25 GHz band; channels 52 and 64 in the 5.25-5.35 GHz band;
Channels 104, 116, 124 and 136 in the 5.470-5.725 GHz band; and channels 149 and 161 in the 5.8 GHz
band. When 5.8 GHz § 15.247 is also available, channels 149, 157 and 165 should be tested instead of the
UNII channels. 4.9 GHz is tested on channels 1, 10 and 5 or 6, whichever has the higher output power, for 5
MHz channels; channels 11,15 and 19 for 10 MHz channels; and channels 21 and 25 for 20 MHz channels.
These are referred to as the “default test channels”. 802.11g mode was evaluated only if the output power
was 0.25 dB higher than the 802.11b mode.

Turbo “Default Test Channels”
Mode GHz Channel §15.247
Channel 802.11D 802.11g UNII
2.412 1# v 0
802.11b/g 2.437 6 6 v i]
2.462 11# v 0
5.18 36 v
5.20 40 *
50 YV} 42 (5.21 GHz) =
5.24 48 v
36 3 50 (5.25 GHz) 3
5.28 56 &
330 50 58 (5.29 GHz) =
5.32 64 v
5.500 100 *
UNII 5.520 104 v
5.540 108
5.560 112
802.11a 5.580 116 \
5.600 120 Unknown &
5.620 124 v
5.640 128
5.660 132 *
5.680 136 v
5.700 140 *
5.745 149 v v
U(I)Vr“ 5.765 153 152 (5.76 GHz) %
5.785 157 v
15.247
§ 5.805 161 160 (5.80 GHz) * v
§15.247 5.825 165 v
802.11 Test Channels per FCC Requirements
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IEEE 802.11b Average RF Power

Fre 802.11b (2.4 GHz) Conducted Power [dBm]
Mode 9- Channel Data Rate (Mbps)
[MHz] 1 2 5.5 1
2412 1 12.26 12.48 12.50 12.49
802.11b 2437 6 11.86 12.00 12.09 12.10
2462 1" 12.29 12.28 12.38 12.38
IEEE 802.11g Average RF Power
Fre 802.11g (2.4 GHz) Conducted Power [dBm]
Mode 9| Channel Data Rate (Mbps)
[MHz] 6 9 12 18 24 36 48 54
2412 1 9.48 9.49 9.48 9.44 9.50 9.52 9.48 9.36
802.11g 2437 6 9.82 9.84 9.88 9.88 9.84 9.67 9.63 9.88
2462 1" 8.90 9.12 8.89 9.15 9.01 9.16 8.90 8.99
IEEE 802.11n Average RF Power
Fre 802.11n (2.4 GHz) Conducted Power [dBm]
Mode ok Channel Data Rate (Mbps)
LiE] 6.5 13 19.5 26 39 52 58.5 65
2412 1 7.42 7.61 7.62 7.59 7.64 7.61 7.42 7.48
802.11n 2437 6 6.96 7.00 7.02 6.97 7.03 7.03 7.1 6.78
2462 11 6.55 6.58 6.56 6.54 6.59 6.60 6.73 6.56
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IEEE 802.11a Average RF Power— 20 MHz Bandwidth

Freq. 802.11a (5 GHz) Conducted Power [dBm]
Mode Channel Data Rate (Mbps)

Ll 6 9 12 18 24 36 48 54
5180 36 7.78 7.77 7.73 7.77 7.74 7.75 7.62 7.65
5200 40 8.25 8.18 8.26 8.31 8.20 8.06 8.07 8.20
5220 44 8.23 8.17 8.25 8.26 8.20 8.08 8.05 8.16
5240 48 8.33 8.26 8.31 8.27 8.25 8.12 8.11 8.15
5260 52 7.65 7.64 7.67 7.63 7.58 7.51 7.44 7.48
5280 56 7.78 7.75 7.80 7.72 7.63 7.54 7.42 7.46
5300 60 7.91 7.89 7.92 7.85 7.93 7.81 7.67 7.72
5320 64 8.80 8.78 8.72 8.70 8.65 8.61 8.50 8.56
5500 100 8.49 8.44 8.53 8.54 8.50 8.58 8.26 8.38
5520 104 8.52 8.47 8.56 8.49 8.48 8.53 8.40 8.36

802.11a | 5540 108 8.58 8.51 8.58 8.50 8.44 8.48 8.39 8.35
5560 112 8.61 8.55 8.56 8.54 8.49 8.45 8.36 8.32
5580 116 8.67 8.70 8.61 8.44 8.46 8.50 8.28 8.27
5660 132 8.59 8.52 8.53 8.49 8.47 8.44 8.34 8.33
5680 136 8.56 8.40 8.37 8.42 8.43 8.23 8.14 8.21
5700 140 8.50 8.35 8.33 8.37 8.38 8.20 8.22 8.15
5745 149 8.10 8.16 8.1 8.14 8.13 7.98 8.01 8.02
5765 153 8.43 8.44 8.36 8.38 8.34 8.29 8.31 8.29
5785 157 8.63 8.65 8.57 8.57 8.53 8.46 8.40 8.40
5805 161 8.57 8.60 8.54 8.52 8.47 8.45 8.46 8.41
5825 165 8.75 8.59 8.68 8.64 8.55 8.50 8.50 8.48
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IEEE 802.11n Average RF Power — 20 MHz Bandwidth
= 20 MHz BW 802.11n (5 GHz) Conducted Power [dBm]
Mode Channel Data Rate (Mbps)

[MHz] 6.5 13 19.5 26 39 52 58.5 65
5180 36 7.05 7.02 7.05 6.95 6.89 6.84 6.82 6.88
5200 40 6.17 6.18 6.22 6.23 6.05 6.06 6.15 6.03
5220 44 6.64 6.62 6.59 6.61 6.57 6.59 6.55 6.54
5240 48 7.42 7.40 7.23 7.27 7.13 7.14 7.02 7.04
5260 52 6.49 6.53 6.41 6.39 6.37 6.20 6.16 6.31
5280 56 6.67 6.72 6.73 6.60 6.58 6.52 6.53 6.51
5300 60 6.87 6.91 6.95 6.64 6.76 6.77 6.81 6.56
5320 64 7.83 7.71 7.74 7.67 7.59 7.59 7.56 7.65
5500 100 7.60 7.40 7.37 7.20 7.14 7.19 7.22 7.28
5520 104 7.55 7.41 7.36 7.18 7.16 7.14 7.20 7.14

802.11n 5540 108 7.46 7.45 7.42 7.32 7.31 7.29 7.32 7.31
5560 112 7.52 7.44 7.40 7.23 7.25 7.24 7.24 7.19
5580 116 7.47 7.48 7.47 7.33 7.30 7.30 7.30 7.21
5660 132 7.43 7.38 7.36 7.44 7.40 7.36 7.38 7.32
5680 136 7.38 7.34 7.30 7.34 7.28 7.30 7.31 7.28
5700 140 7.31 7.29 7.21 7.39 7.19 7.03 7.18 6.95
5745 149 7.04 6.98 6.95 6.79 6.78 6.78 6.75 6.86
5765 153 7.46 7.48 7.45 7.28 7.26 7.24 7.20 7.19
5785 157 7.66 7.67 7.69 7.51 7.49 7.44 7.42 7.31
5805 161 7.70 7.59 7.68 7.60 7.53 7.46 7.50 7.54
5825 165 7.76 7.65 7.76 7.67 7.55 7.44 7.53 7.58

IEEE 802.11n Average RF Power — 40 MHz Bandwidth
Ere 40 MHz BW 802.11n (5 GHz) Conducted Power [dBm]
Mode Channel Data Rate (Mbps)

[MHz] 135 27 405 54 81 108 1215 135
5190 38 6.72 6.55 6.59 6.30 6.35 6.21 6.28 6.23
5230 46 6.46 6.34 6.39 6.26 6.32 6.15 6.32 6.28
5270 54 6.64 6.69 6.74 6.45 6.25 6.31 6.32 6.27
5310 62 6.73 6.67 6.75 6.68 6.56 6.26 6.25 6.21

802.11n | 5510 102 7.64 7.54 7.58 7.38 7.30 7.34 7.32 7.14
5550 110 7.78 7.69 7.74 7.43 7.48 7.54 7.40 7.31
5670 134 6.97 6.99 6.84 6.94 6.72 6.53 6.60 6.62
5755 151 7.19 712 7.1 6.84 6.88 6.67 6.68 6.89
5795 159 7.26 7.13 6.90 7.08 6.82 6.74 6.86 6.77
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11.3 Test Exclusions Applied

11.3.1 BT

BT
Per FCC KDB 447498 D01v05r02, The SAR exclusion threshold for distance < 50 mm is defined by the
following equation:

Max Power of Channel(mW)
Test Separation Distance (mm)

* \/Frequency(GHZ) <30

Frequency Maximum Seperation
Mode Allowed Power Distance <3.0
[MHZz] [mW] [mm]
Bluetooth 2480 5 5 1.56

Based on the maximum conducted power of Bluetooth and antenna to use separation distance, Bluetooth
SAR was not required [(5/5)*V2.480] = 1.56 < 3.0.

Note :
1) Per RSS-102 issue 4 Sec. 2.5.1, The BT SAR evaluation is not reuired for IC. BT Max target Power is less
than 20mW.

2) The frequency of Bluetooth using for estimated SAR was selected highest channel of Bluetooth for highest
estimated SAR.
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12. SAR Test configuration & Antenna Information

12.1 SAR Testing confiqurations

Mode Rear Front Left Right Bottom Top
2.4 GHz WLAN Yes No No Yes No Yes
5 GHz WLAN Yes No No Yes No Yes

12.2 Antenna and Device Information

Left
Right

Note;
1. Particular DUT edges were not required to be evaluated for SAR based on the SAR exclusion threshold in

KDB 447498 D01v05r01.
*Please see the LG-V480_Antenna distance for futher information.
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13. SAR TEST DATA SUMMARY

13.1 Measurement Resultis (WLAN SAR)

S v o o] O | oo | O | Sn etz S| s o n D
2462 | 11 13 12.29 0.03 Rear 1Mbps Ocm 0.502 N/A 1.178 | 0.591 1
2462 | 11 802.11b 13 12.29 -0.06 Right 1Mbps 0cm 0.237 N/A 1.178 | 0.279 -
2462 | 11 13 12.29 -0.09 Top 1Mbps 0cm 0.180 N/A 1.178 | 0.212 -
2412 1 802.11n 8 7.42 0.03 Rear 6.5Mbps 0cm 0.478 N/A 1.143 | 0.546 -
5825 | 165 9 8.75 0.19 Rear 6Mbps Ocm 0.317 0.320 | 1.059 | 0.336 2
5825 | 165 | 802.11a 9 8.75 0.15 Right 6Mbps Ocm 0.135 0.136 | 1.059 | 0.143 -
5825 | 165 9 8.75 0.12 Top 6Mbps Ocm 0.042 0.042 | 1.059 | 0.044 -
5795 | 159 | 802.11n 8 7.26 0.1 Rear 13.5Mbps | Ocm 0.181 0.182 | 1.186 | 0.215 -
5180 | 36 9 7.78 0.1 Rear 6Mbps Ocm 0.389 0.392 | 1.324 | 0.515 -
5200 | 40 9 8.25 0.1 Rear 6Mbps Ocm 0.510 0.514 | 1.189 | 0.606 3
5240 | 48 802.11a 9 8.33 0.1 Rear 6Mbps Ocm 0.418 0.422 | 1.167 | 0.488 -
5240 | 48 9 8.33 0.01 Right 6Mbps Ocm 0.126 0.127 | 1.167 | 0.147 -
5240 | 48 9 8.33 0.1 Top 6Mbps Ocm 0.104 0.105 | 1.167 | 0.121 -
5190 | 38 802.11n 8 6.72 0.18 Rear 13.5Mbps | Ocm 0.304 0.305 | 1.343 | 0.408 -
5230 | 46 802.11n 8 6.46 0.11 Rear 13.5Mbps | Ocm 0.256 0.257 | 1.426 | 0.365 -
5260 | 52 9 7.65 -0.1 Rear 6Mbps Ocm 0.403 0.407 | 1.365 | 0.550 -
5300 | 60 9 7.91 0.1 Rear 6Mbps Ocm 0.393 0.397 | 1.285 | 0.505 -
5320 | 64 802.11a 9 8.80 0.19 Rear 6Mbps Ocm 0.519 0.524 | 1.047 | 0.543 4
5320 | 64 9 8.80 0.11 Right 6Mbps Ocm 0.100 0.101 1.047 | 0.105 -
5320 | 64 9 8.80 0.1 Top 6Mbps Ocm 0.125 0.126 | 1.047 | 0.131 -
5310 | 62 802.11n 8 6.73 0.11 Rear 13.5Mbps | Ocm 0.287 0.288 | 1.340 | 0.384 -
5580 | 116 9 8.67 -0.14 Rear 6Mbps Ocm 0.312 0.314 | 1.079 | 0.337 5
5580 | 116 | 802.11a 9 8.67 0.18 Right 6Mbps 0cm 0.126 0.127 | 1.079 | 0.136 -
5580 | 116 9 8.67 0.12 Top 6Mbps Ocm 0.069 0.069 | 1.079 | 0.074 -
5550 [ 110 | 802.11n 8 7.78 0.12 Rear 13.5Mbps [ Ocm 0.277 0.278 | 1.052 | 0.291 -

ANSI/ IEEE C95.1 - 1992— Safety Limit Body
Spatial Peak 1.6 Wikg (mW/g)
Uncontrolled Exposure/ General Population Averaged over 1 gram
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13.2 SAR Test Notes

General Notes:

1.

2.

3.

The test data reported are the worst-case SAR values according to test procedures specified in IEEE
1528-2003, FCC KDB Procedure.

Batteries are fully charged at the beginning of the SAR measurements. A standard battery was used
for all SAR measurements.

Liquid tissue depth was at least 15.0 cm for all frequencies.

The manufacturer has confirmed that the device(s) tested have the same physical, mechanical and
thermal characteristics and are within operational tolerances expected for production units.

SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
447498 D0O1v05r02.

Per FCC KDB 865664 D01v01r03, variability SAR tests were not performed since the measured SAR
results for all frequency bands were less than 0.8 W/kg. Please see Section 14 for variability analysis
information.

WLAN Notes:

1.

Justification for reduced test configurations for WIFI channels per KDB 248227 D01v01r02 and Oct.
2012 FCC/TCB Meeting Notes for 2.4 GHz WIFI: Highest average RF output power channel for the
lowest data rate was selected for SAR evaluation in 802.11b. Other IEEE 802.11 modes (including
802.11 g/n) were not investigated since the average output powers over all channels and data rates
were not more than 0.25 dB higher than the tested channel in the lowest data rate of IEEE 802.11b
mode.

Justification for reduced test configurations for WIFI channels per KDB 248227 D01v01r02 and Oct.
2012 FCC/TCB Meeting Notes for 5 GHz WIFI: Highest average RF output power channel for the
lowest data rate was selected for SAR evaluation in 802.11a. Other IEEE 802.11 modes (including
802.11 n 20MHz and 40 MHz bandwidths) were not investigated since the average output power over
all channels and data rates were not more than 0.25 dB higher than the tested channel in the lowest
data of IEEE 802.11a mode.

Since the maximum extrapolated peak SAR of the zoom scan for the maximum output channel was
< 1.6 W/kg and the reported 1g averaged SAR was < 0.8 W/kg, SAR testing on other default
channels was not required.

According to IC Notice 2012-DRS0529, corrected SAR is added. For 2.4 GHz, OSAR is positive, so it
doesn’t neet to calculated corrected SAR .

802.11 n SAR measurement per Apr. 2014 TCBC workshop: SAR testing be conducted on channel
with the highest output power and highest channel BW configuration with highest output power.
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14. SAR Measurement Variability and Uncertainty

In accordance with published RF Exposure KDB procedure 865664 D01v01r03 SAR measurement 100 MHz
to 6 GHz. These additional measurements are repeated after the completion of all measurements requiring
the same head or body tissue-equivalent medium in a frequency band. The test device should be returned to
ambient conditions (normal room temperature) with the battery fully charged before it is re-mounted on the
device holder for the repeated measurement(s) to minimize any unexpected variations in the repeated results.

1) Repeated measurement is not required when the original highest measured SAR is < 0.80 W/kg; steps 2)
through 4) do not apply.

2) When the original highest measured SAR is = 0.80 W/kg, repeat that measurement once.

3) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the original and first
repeated measurements is > 1.20 or when the original or repeated measurement is = 1.45 W/kg (~ 10 % from
the 1-g SAR limit).

4) Perform a third repeated measurement only if the original, first or second repeated measurement is 21.5
W/kg and the ratio of largest to smallest SAR for the original, first and second repeated measurements is >
1.20.
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15. CONCLUSION

The SAR measurement indicates that the EUT complies with the RF radiation exposure limits of the ANSI/
IEEE C95.1 1992.

These measurements are taken to simulate the RF effects exposure under worst-case conditions. Precise
laboratory measures were taken to assure repeatability of the tests.
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Attachment 1. — SAR Test Plots
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Test Laboratory: HCT CO., LTD

EUT Type: 2.4/5GHz BT/WiFi Tablet

Liquid Temperature: 19.7 O

Ambient Temperature: 199 0

Test Date: Jun.23, 2014

Plot No. 1

DUT: LG-V480; Type: Tablet; Serial: 1

Communication System: UID 0, 2450MHz FCC (0); Frequency: 2462 MHz;Duty Cycle: 1:1
Medium parameters used (interpolated): f = 2462 MHz; o = 1.958 S/m; ¢, = 51.798; p = 1000 kg/m3
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.31, 7.31, 7.31); Calibrated: 2014-01-08;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1417; Calibrated: 2014-01-03

Phantom: Triple Flat Phantom 5.1C; Type: QD 000 P51 CA; Serial: xxxx
Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

LG-v480/802.11b 2.4GHz WIFI body Rear 1Mbps 11ch/Area Scan (121x71x1): Interpolated grid: dx=1.200
mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.869 W/kg

LG-V480/802.11b 2.4GHz WIFI body Rear 1Mbps 11ch/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 3.178 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 1.28 W/kg

SAR(1 g) = 0.502 W/kg; SAR(10 g) = 0.220 W/kg (SAR corrected for target medium)
Maximum value of SAR (measured) = 0.816 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.oo

0dB = 0.869W/kg = -0.61 dBW /kg
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Test Laboratory: HCT CO., LTD

EUT Type: 2.4/5GHz BT/WiFi Tablet

Liquid Temperature: 214 0

Ambient Temperature: 216 0

Test Date: Jun.19, 2014

Plot No. 2

DUT: LG-V480; Type: Tablet

Communication System: UID 0, WIFI 5GHz (0); Frequency: 5825 MHz;Duty Cycle: 1:1

Medium parameters used (interpolated): f = 5825 MHz; o = 6.155 S/m; €, = 46.694; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY4 Configuration:

Probe: EX3DV4 - SN3863; ConvF(3.95, 3.95, 3.95); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

; SEMCAD X Version 14.6.10 (7331)

LG-v480/802.11a Body Rear 165ch 6Mbps/Area Scan (111x101x1): Interpolated grid: dx=1.000 mm,
dy=1.000 mm
Maximum value of SAR (interpolated) = 1.36 W/kg

LG-V480/802.11a Body Rear 165ch 6Mbps/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm,
dy=4mm, dz=1.4mm

Reference Value = 0.6880 V/m; Power Drift = 0.19 dB

Peak SAR (extrapolated) = 1.48 W/kg

SAR(1 g) = 0.317 W/kg; SAR(10 g) = 0.073 W/kg
Maximum value of SAR (measured) = 0.928 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 1.36W /kg = 1.33 dBW /kg
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Test Laboratory: HCT CO., LTD

EUT Type: 2.4/5GHz BT/WiFi Tablet

Liquid Temperature: 214 0

Ambient Temperature: 216 0

Test Date: Jun.19, 2014

Plot No. 3

DUT: LG-V480; Type: Tablet

Communication System: UID 0, WIFI 5GHz (0); Frequency: 5200 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5200 MHz; 6 = 5.131 S/m; ¢, = 48.294; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY4 Configuration:

Probe: EX3DV4 - SN3863; ConvF(4.49, 4.49, 4.49); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

; SEMCAD X Version 14.6.10 (7331)

LG-V480/802.11a Body Rear 40ch 6Mbps/Area Scan (111x101x1): Interpolated grid: dx=1.000 mm,
dy=1.000 mm
Maximum value of SAR (interpolated) = 1.60 W/kg

LG-V480/802.11a Body Rear 40ch 6Mbps/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm,
dy=4mm, dz=1.4mm

Reference Value = 0 V/m; Power Drift = 0.1 dB

Peak SAR (extrapolated) = 2.72 W/kg

SAR(1 g) = 0.510 W/kg; SAR(10 g) = 0.125 W/kg
Maximum value of SAR (measured) = 1.39 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.oo

0dB = 1.60W /kg = 2.04 dBW /kg
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Test Laboratory: HCT CO., LTD

EUT Type: 2.4/5GHz BT/WiFi Tablet

Liquid Temperature: 214 0

Ambient Temperature: 216 0

Test Date: Jun.19, 2014

Plot No. 4

DUT: LG-V480; Type: Tablet

Communication System: UID 0, WIFI 5GHz (0); Frequency: 5320 MHz;Duty Cycle: 1:1

Medium parameters used (interpolated): f = 5320 MHz; o = 5.331 S/m; €, = 48.007; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY4 Configuration:

Probe: EX3DV4 - SN3863; ConvF(4.14, 4.14, 4.14); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

; SEMCAD X Version 14.6.10 (7331)

LG-V480/802.11a Body Rear 64ch 6Mbps/Area Scan (111x101x1): Interpolated grid: dx=1.000 mm,
dy=1.000 mm
Maximum value of SAR (interpolated) = 1.38 W/kg

LG-Vv480/802.11a Body Rear 64ch 6Mbps/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm,
dy=4mm, dz=1.4mm

Reference Value = 0.5410 V/m; Power Drift = 0.19 dB

Peak SAR (extrapolated) = 2.81 W/kg

SAR(1 g) = 0.519 W/kg; SAR(10 g) = 0.120 W/kg
Maximum value of SAR (measured) = 1.48 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 1.38W/kg = 1.40 dBW /kg
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Test Laboratory: HCT CO., LTD

EUT Type: 2.4/5GHz BT/WiFi Tablet

Liquid Temperature: 214 0

Ambient Temperature: 216 0

Test Date: Jun.19, 2014

Plot No. 5

DUT: LG-V480; Type: Tablet

Communication System: UID 0, WIFI 5GHz (0); Frequency: 5580 MHz;Duty Cycle: 1:1

Medium parameters used (interpolated): f = 5580 MHz; o = 5.759 S/m; €, = 47.297; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2007)

DASY4 Configuration:

Probe: EX3DV4 - SN3863; ConvF (3.6, 3.6, 3.6); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

; SEMCAD X Version 14.6.10 (7331)

LG-v480/802.11a Body Rear 116ch 6Mbps/Area Scan (111x101x1): Interpolated grid: dx=1.000 mm,
dy=1.000 mm
Maximum value of SAR (interpolated) = 1.45 W/kg

LG-V480/802.11a Body Rear 116ch 6Mbps/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm,
dy=4mm, dz=1.4mm

Reference Value = 1.887 V/m; Power Drift = -0.14 dB

Peak SAR (extrapolated) = 1.50 W/kg

SAR(1 g) = 0.312 W/kg; SAR(10 g) = 0.066 W/kg
Maximum value of SAR (measured) = 0.968 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 145W/kg = 1.61 dBW /kg
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Attachment 2. — Dipole Verification Plots
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FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (2 450 MHz Body)

Test Laboratory: HCT CO.,LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 19.7 0O

Test Date: Jun.23, 2014

DUT: Dipole 2450 MHz D2450V2; Type: D2450V2; Serial: D2450V2 - SN:743

Communication System: UID 0, CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; 0 = 1.94 S/m; ¢, = 51.8; p = 1000 kg/m3
Phantom section: Center Section

DASY5 Configuration:

Probe: EX3DV4 - SN3968; ConvF(7.31, 7.31, 7.31); Calibrated: 2014-01-08;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn1417; Calibrated: 2014-01-03

Phantom: Triple Flat Phantom 5.1C-2014-02-21; Type: QD 000 P51 CA; Serial: xxxx
Measurement SW: DASY52, Version 52.8 (7); SEMCAD X Version 14.6.10 (7331)

2450MHz Verification/Area Scan (81x81x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 5.76 W/kg

2450MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 49.09 V/m; Power Drift = -0.05 dB
Peak SAR (extrapolated) = 10.6 W/kg

SAR(1 g) = 4.98 W/kg; SAR(10 g) = 2.28 W/kg
Maximum value of SAR (measured) = 6.90 W/kg

-6.50
-13.00
-19.50

-26.00

-32.50

0dB =5.76 W /kg = 7.60 dBW /kg

Report No HCT CO., LTD.
p : 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 43 of 96
HCT-A-1406-F011 TEL: +82 31 6456300 FAX: +82 31 645 6401



CT

HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (5 200 MHz Body)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 214 10

Test Date: Jun.19, 2014

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0, CW (0); Frequency: 5200 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5200 MHz; 6 = 5.131 S/m; ¢, = 48.294; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(4.49, 4.49, 4.49); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

5200MHz Verification/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 17.7 W/kg

5200MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 41.06 V/m; Power Drift = 0.06 dB
Peak SAR (extrapolated) = 33.1 W/kg

SAR(1 g) = 7.47 W/kg; SAR(10 g) = 2.09 W/kg
Maximum value of SAR (measured) = 19.6 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 17.7W/kg = 12 49 dBW /kg
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FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (5 300 MHz Body)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 214 10

Test Date: Jun.19, 2014

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0, CW (0); Frequency: 5300 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5300 MHz; ¢ = 5.301 S/m; ¢, = 48.062; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(4.14, 4.14, 4.14); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAOQ01BB; Serial: TP:xxxx

Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

5300MHz Verification/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 17.5 W/kg

5300MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 42.24 VV/m; Power Drift = -0.11 dB
Peak SAR (extrapolated) = 31.3 W/kg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.11 W/kg
Maximum value of SAR (measured) = 19.5 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 17 5W /kg = 12 42 dBW /kg

Report No HCT CO., LTD.
P : 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 45 of 96
HCT-A-1406-F011 TEL: +82 316456300 FAX: +82 31 645 6401



CT

HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (5 500 MHz Body)

Test Laboratory: HCT CO.,LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 214 0

Test Date: Jun.19, 2014

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0, CW (0); Frequency: 5500 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5500 MHz; ¢ = 5.635 S/m; ¢, = 47.504; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(3.91, 3.91, 3.91); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

5500MHz Verification/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 18.4 W/kg

5500MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 40.42 V/m; Power Drift = 0.02 dB
Peak SAR (extrapolated) = 34.2 W/kg

SAR(1 g) =7.72 W/kg; SAR(10 g) = 2.14 W/kg
Maximum value of SAR (measured) = 20.6 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 18 4W /kg = 12 .66 dBW /kg
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FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (5 600 MHz Body)

Test Laboratory: HCT CO.,LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 214 0

Test Date: Jun.19, 2014

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0, CW (0); Frequency: 5600 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5600 MHz; ¢ = 5.788 S/m; ¢, = 47.234; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF (3.6, 3.6, 3.6); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAO001BB; Serial: TP:xxxx

Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

5600MHz Verification/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 19.3 W/kg

5600MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 40.68 V/m; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 34.0 W/kg

SAR(1 g) = 7.81 W/kg; SAR(10 g) = 2.13 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 19.3W /g = 12.85 dBW /kg
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FCCID: ZNFV480 Issue Date: Jun. 26, 2014

B Verification Data (5 800 MHz Body)

Test Laboratory: HCT CO., LTD
Input Power 100 mW (20 dBm)
Liquid Temp: 214 10

Test Date: Jun.19, 2014

DUT: Dipole D5GHzV2; Type: D5GHzV2; Serial: D5GHzV2 - SN:1107

Communication System: UID 0, CW (0); Frequency: 5800 MHz;Duty Cycle: 1:1
Medium parameters used: f = 5800 MHz; ¢ = 6.118 S/m; ¢, = 46.779; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: EX3DV4 - SN3863; ConvF(3.95, 3.95, 3.95); Calibrated: 2013-07-31;
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn652; Calibrated: 2014-03-26

Phantom: ELI v4.0; Type: QDOVAQ01BB; Serial: TP:xxxx

Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

5800MHz Verification/Area Scan (91x91x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
Maximum value of SAR (interpolated) = 18.7 W/kg

5800MHz Verification/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm
Reference Value = 37.53 V/m; Power Drift = -0.00 dB
Peak SAR (extrapolated) = 36.5 W/kg

SAR(1 g) = 7.54 W/kg; SAR(10 g) = 2.06 W/kg
Maximum value of SAR (measured) = 20.7 W/kg

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB = 18.7W/kg = 12.72 dBW /kg
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Attachment 3. — Probe Calibration Data
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FCC ID: ZNFV480 Issue Date: Jun. 26, 2014
Calibration Laboratory of
Schmid & Partner :m:m:mn"
Engingering AG ¢

5 Servizio svizzero di taratura

Zeughausstrasse 43, B004 Turich, Switzeriand Swiss Calibration Soervice

Accrodited by the Swiss Accredilabon Senice (SAS) Accroditation No.: SCS 108
The Swiss Accreditation Sorvice ks one of the signatories to the EA
Mudtilateral Agreement for the recognition of calibration cortificales

cient HCT (Dymstee) Cartificats Mo: EX3-3968_ Jan14
CALIBRATION CERTIFICATE 3 |
Otrject EX3DV4 - SN:3968

Calibistion pocedure{y) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25v6

\Callbration procedure for dosimetric E-field probes

Coplibension date January 8, 2014

This calibration ceficate documents the traceablity to national standards, which reakzs the physical units of measuremsnis. (31
The medsurements and ihe uncanaintes with confidence probabilty am ghen on Ihe following pages and are pat of the cendficals

All calibrations have been conducted in the cosed laboratory facilty: ervironment temperaturs (22 = 3)°C and Rumidity < 70%

Cadbration Equipment used (MATE crtical for calibrataon)

Primary Standarts D | Col Dt (Certificate Na.) Schetuiet Cabration
Perasst meter E4L198 CE4 1203874 | Dd-Apre13 {Na. 217-01733) Agr-14
| Powes sensor E4412A MY4 1408007 Dd-Apr-13 (Mo, 2AT-01733) Agw-14
Ak w3 ol ARoruainr Sh: 55064 (3c) Dd-Apr-13 (Mo, 217-01737) Apr-14
| Reforence 20 dB Atlenuater Sh: SEXTT (20x) -Apr-13 (Mo, 217-01735) Apr-14
Ral e 30 dB Atlenuaion SN 55129 [30b) 04-Apr-13 (Mo, 217-01738) Apr-14
L_nm-m Probe ESI0W2 SN 3013 30-Dec-13 (Mo, ES3-3013 Dﬂ_:;_'l_:}'l Dac-14
DAE4 SM: BED | 13-Dec-13 (Mo, DAE4-660_Des13) Diec-14
Secondary Standads D Chack Dale (n housa) Scheduled Chock
RF penerator HP BE4BC LIS T00 4-Aug-8 {in house check Agr-11) In houss chack: Apr-16
Metwork Arniabyzer HP BT53E US3T 300585 1B-0ct-01 (in house check Oct-13) In house check- Oc-14
Hame Funciion Signalure

Calibraled by um ! Laboratory Technician _ﬁk‘y @
w_—— p— ——_

Issued: Janusry B, 2014

Thes caltbration cenificate shall not be reproduced extept in full wihout written approval of the laboratory

Cetificate No: EX3-3968_Jan14 Fage 1.of 11
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HCT OO LT

FCC ID: ZNFV480 Issue Date: Jun. 26, 2014
Calibration Laboratory of A Schwelzerischer Kalibrigedionst
Schmid & Partner e Sarvice sulsse détalonnage

Engineering AG T 3 Servizio svizzoro di taratura
Zeughaussirasse 43, 1004 Zurich, Swittertand ‘-‘.wﬁvf Swiss Callbration Sarvics
Accradited by the Swiss Accraditation Sevvice [SAS) Accreditation No.: SCS 108
Tha Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for tho recognition of calibration certificates
Glossary:
TSL tissue simulating ouid
NORMx vz sensitivity in free space
ConvF sensilivity in TSL / NORMx, v,z
DCP dicde compression point
CF crest factor (1/duty_cycle) of the RF signal
ABC.D modulation dependent linsarization parametars
Polarization o p rotation around probe axis
Polarization 3 & rotation around an axis that is in the plane normal fo probe axis (81 measuremant centear),
Le.. & =0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the mbot coordinate system

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
»  NORMYy.y z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-call, { > 1800 MHz: R22 waveguide).
MORMyx.y.z are only intermediate values, i.e., the uncerainties of NORMs,y,z does not affect the E¥-field
unceriainty inside TSL (see below ConvF).

o NORM{0x.y.z = NORMX,y.z * 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 thae stated uncertainty of ConvF.

«  DCPyx.p.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal {no uncestainty required), DCP does not depend on frequency nor media.

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

o Axyz Beyz Cxy.z Deyz VRxy.r A B, G, D are numerical linearization parameters assessed based on
the dala of power sweep lor specific modulation signal, The parameters do not depend on frequency nor
media. VR & the maximum calibration range expressed in RMS vollage across the diode,

«  ConvF and Boundary Effect Paramaters: Assessad in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > BOO MHz. The sama setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which fypical uncertainty values are given, These paramelars ane
used in DASY4 software (o improve probe accuracy close fo the boundary. The sensitivity in TSL comesponds
o NORMx. v,z * ComvF whereby the unceriainty corresponds to that given for ConvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which alfows extending the validity from £ 50 MHz to = 100
MHz

= Spherical isotropy (30 deviation from isatropy): in a fisdd of low gradients realized wsing a flat phantom
exposed by a patch antenna,

= Sensor Offsef. The sensor offsel comesponds to the offset of virtual measurement center from the probe lip
(on probe axis). No lolerance required.

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

unceriainty required),
Certificate No: EX3-3968_Jan14 Page 2 of 11
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EX3DVE — SN:-3068 Jdanuary 8, 2014

Probe EX3DV4

SN:3968

Manufactured: = September 30, 2013
Calibrated: January 8, 2014

Calibrated for DASY/EASY Systems

{Mofe: non-compatible with DASY2 systeml)

Cartificalo Mo: EX3-3568_Jani4 Page 3ol 11
Report No HCT CO., LTD.
P : 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 52 of 96

HCT-A-1406-F011 TEL: +82 316456300 FAX: +82 31 645 6401



HCT OO LT

FCC ID: ZNFV480 Issue Date: Jun. 26, 2014
EXIDVa- SN-3968 Janusry 8, 2014
DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968
Basic Calibration Parameters

- Sensor X Sensor Y Sensor 2 Une [k=2}
Narm (iVivim))" 0.36 0.35 0.42 101 %
OCP {mv)" 1055 102.2 67.1
Medulation Calibration Parameters
] Communication System Name A | B C [+] VR Unc"
| d8 | dBviuv dB8 | mV (=2}
. | ow X | 00 00 | 10 | 000 | 1332 | 27 %
| ¥ 0.0 0.0 1.0 135.7 —
| Z [ oo 00 | 10 1422

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

* The unceraintios of Nom XY 2 do not affect 1he E°-feld uncestainty inside TSL {sae Pages 5 and &)

* Numancal linearizalion paramoter; uncertainty not reguined

¥ Unceranty is desermined wsing the max. deviation from linanr respanas apphying roctangidar distribution and is expressed for tha squans of (ke

field value

Contificate No: EX3-3968_Jan14
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HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

EXI0VE- SN30ES January 8, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Rulative Conductivity Dapth Unel.
| TiMHz)® | Permittivity” {5m)" f ComvFX | ConvEY | ConvFZ | Alpha® |  (mm) (k=2)
750 418 0.80 10.28 10.28 10.28 0.33 084 | £120%
835 41.5 0.90 9.87 9.87 9.87 0.32 108 | £120%
800 41.5 0.97 8.71 871 | 871 0.47 0.81 +12.0%
1450 40.5 1.20 B.58 8.58 B.58 0.68 064 | £120%
1750 401 1.37 .15 B8.15 815 0.80 058 | +120%
1900 40.0 1.40 791 | 781 7.91 0.76 059 | £120%
1950 40.0 1.40 768 | 7.0 7.80 0.80 050 | +120%
2450 392 1.80 710 | 710 7.10 0.39 081 | £120%
2600 39.0 1.98 T4 7.04 7.04 023 | 119 | #120% |
5200 36.0 466 5.14 5.14 5,14 0.40 1.80 +131%
5300 359 4.76 4.88 4.89 4.89 0.40 180 | +131%
5500 356 4.96 4,86 4.86 4,86 -l 0.40 1.80 +13.1%
5600 35.5 5.07 4.52 4.52 4.52 0.40 1.80 | +131%
S800 353 527 4.58 4.58 4.58 040 1.80 131 %

© Fraquency validity af £ 100 MHz anly applien fior DASY vd.4 and highor (see Page Z), sise il i restricled to 2 50 MHz. The uncoripinty is the RS5
of the CorvF ancentainly at calibrabion frequency and the uncertainty for the indicated frequency band

" At frequencies helow 3 GH, (he validity of tssue parameters (£ and =) can be retced 1o = 10% il gusd compensation fomuta & appliod 1o
mansuied SAR walues, Al frrquencies above 3 GHE, the valkiity of fisswe paramosaers (c and a) is restriched to 2 5% The uncertainty s the RSS of
the CorviF uncerainty lor indicated Lnrpet issue pararmelers

“ AlpharDapth are deteminsd during calbration. SPEAG warrants that the remaning deviation due 1o the boundany effect after compansation &=
always less (han + 1% for frequancies below 3 GHz and below 1+ 2% for frequencies betwean 3.8 GHr a1 amy detance ke than hull the peobe lip
dismebar from e boundaey
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Calibration Parameter Determined in Body Tissue Simulating Media

e | » Relative | Conductivity [ =z Duopth © Linet. ]
ermittivity (sim)" | ConvFX | ConvFY | CanvFZ | Alpha {rmim) {k=2)

750 555 0.96 9.74 8.74 a.74 0.54 0.79 +120%
B35 55.2 0.97 9.66 .66 9.66 0.24 1.35 12.0%
1750 534 1.48 7.83 7.83 7.93 0.63 0.68 £12.0%
1500 533 1.52 7.58 7.58 7.59 ] 0.28 1.07 +12.0%
2450 §2.7 1.95 7.3 7.31 7. 0.78 0.56 120 %

| 2500 52.5 2.16 6.96 6.96 6.96 0.65 0.50 2120 %
5200 48.0 5.30 4.66 4.66 4.66 0.45 1.90 +131%
5300 48.9 542 4.28 4.28 4.28 ! 0.50 1.90 £13.1% |
5500 48.6 5.65 4.01 4.m 4 | 050 180 | £131%
5800 48.5 577 4.7 447 417 ! 0.40 1.80 +13.1%
5800 48.2 .00 4.1 4.11 4.11 0.50 1.90 £13.1%

"Fl'&qn.lal'lt‘yulldtyﬂft1|I|H'H.?ul'ﬂ'rDWMlorDA.'.’-'I'vlllmm!mpmil.ﬂﬂumlmhzmm Thar uncortanty is the RESS
of 1he CoevF uncestiinty ol calibration frequenty ond the uncertainty far the indicated freguoncy band
'.l.lrrnqummb-alm:lGH:.Mvumﬁﬂ1mwmmuwn}unhqmmme 0% if ligusd compensatian formula is applied 1o
mapasuned SAR volues. Al keequencees sbove 3 GHz, the validity of tasue parametecs (o ond o s restriched 1o + 5%, The uncerairty is the RESS of
1h-s Comvf uncertainty for ndicated teget tesus paramslsm

ane detarmined during calibrabion. SPEAG wasrants thad the remaining dervantion dus 1o the boundary affect aftor compensation ©
uhwrlhnmtﬁiiu'hwmmluullw“lf.‘-t-h'lndb-alnurrﬂhhmuma-ﬁﬂﬂ:mlwmm1mnwlmumm
digeriotos 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-fleld: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAR}a4)

(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.8% (k=2)
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Conversion Factor Assessment

f = 800 MHz, WGLS RS (H_comf) I'= 1750 MHz WGLS R22 (H_comF)

el i [t

2| 1 2]

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

-0 -08 08 04 02 00 02 D4 OB 08 1a
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3968

Other Probe Parameters

[ Sensor Arrangemant Trianguiar
Connector Angle (%) 20,5

| Mechanical Surface Detection Mode enabled
“Dptical Surface Detection Mode o I disabled
"Probe Overall Length 357 mim |
'Probe Body Diameter 10 mm |
Tip Length T amm|
Tip Diametar 25mm
“Probe Tip to Sensor X Calibration Paint s

|ﬁbe Tip to Sensor ¥ Callbration Point gt

| Probe Tip ta Sensar Z Calibration Paint 1mm

' Recommended Measuramant Distance from Surface 2 mm
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Glossary:

TSL tissue simutating liquid

NORMgy.2 sensiivity in free space

ConvF sensilivity in TSL / NORM:xy.z

DCP dinde comprassion point

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

A B CD modulation dependent linearization paramelers

Palarization ¢ ¢ rotation around probe axis

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

l.e., & =0 s normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, *IEEE Recommended Practice for Determining the Peak Spatial-Averaged Spacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Davices: Measuremant
Techniques™, December 2003

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

Methods Applied and Interpretation of Parameters:
s NORM:y.z Assessed for E-field polarization & = 0 (f < 500 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMz.y.z are only intermediate values, i.e., the uncartainties of NORMx.y.z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM{xy.z = NORMy.y.z * frequency,_response (see Frequency Response Chart). This fnearization is
implementad in DASY4 softwara varsions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of ComeF.

« DCPyyz DCP are numerncal lingarization parametors assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP does nat depend on frequency naor media,

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

s Axy.z Buyr Cxy.z Deyz VRxy.z A 8, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do nol depend on frequency nar
media. VA is the maximum calibration range expressed in RMS voltage across the diode.

» ComvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temparature Transler
Standard for f < B00 MHz) and Inside waveguide using analytical field distributions based on power
measurements for = 800 MHz. The same selups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncerainty values are given. These parameters are
used in DASY4 software to improve probe accuracy closa to the boundary. The sensitivity in TSL comesponds
to NORMz,y,z * ConvF whereby the uncertainty cormespands to that given for ConvF. A frequency dapendent
ConvF s used in DASY version 4.4 and higher which allows exiending the validity from £ 50 MHz to £ 100
MHz

«  Spherical isolropy (30 deviation from isotropy): in a field of low gradients realized using a fiat phaniom
axposed by a palch antenna

s Spnsor Offsst The sansor offset comesponds to the offset of vinual measuremaent center from the probe tip
{on probe axis). No lolerance required,
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Calibrated for DASY/EASY Systems
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z | Unc (k=2) |
Norm (uvivim)’)" 0.36 0.35 0.45 | 2100 %
DCP (mv)” 105.0 102.2 87.9 |

Modulation Calibration Parameters

(T3] Communication System Name A B | [ D VR Une
dB | dBviv dB my (k=2)
0 = = 0.0 [ 1.0 D00 | 1048 | +27%
K 0.0 0.0 10 B EEX
[z 0.0 00 | 10 152.6

The reparted 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 uncertainties of MormX,¥,Z do not affect the E'-field uncertanty inside TSL (see Pages 5 and 6)

¥ Mumerical linearization paramieter. uncertainty not reduthed

¥ Uncertaingy in detemined using the max. denation from linear responss Bpptying reciangular distribution and is expressed for the squars af the
faid walud
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth Unet.
f(MHz)® | Permittivity" {sim)” ComvFX | ConvFY | ConvFZ | Alpha | (mm) | (k=2) |
750 419 0.89 ey | 8 977 | 0s0 | o0sa | s120%
B35 41.5 0.90 0.46 .46 946 048 | 074 | +120%
800 41.5 0.97 8.28 6.29 9.29 0.18 1.31 +120%
1450 40.5 120 | 840 8.40 8.40 0.18 1.21 +12.0%
1750 40.1 1.37 8.10 .10 8.10 043 | 073 | +12.0%
1900 40.0 1.40 7.86 7.86 7.86 0.45 075 | +120%
1850 40.0 1.40 7.70 7.70 7.70 0.38 080 | +120%
2450 39.2 1.80 7.08 7.08 7.08 0.38 080 | +120%
2600 390 1.88 6.52 6.82 B.82 0.25 113 | +12.0%
5200 36.0 4.66 511 511 5.11 0.33 180 [ #131%
5300 35.9 4.78 4.83 4.83 4.83 0.37 180 | +131%
5500 35.6 4.98 4.81 4.81 4.81 0.37 180 | £131% |
5600 35.5 5.07 444 4.44 4.44 0.44 180 | +131%
5800 353 527 470 4.70 470 0.40 180 | +131%

E Fraqusrsy valicty of + 100 MHz enly appiies for DASY w4 and highar (zos Page 21, olse § is restricled to 2 50 MHz Tho urcerainty is the RS
of fhe ConvF uncertainty ai calibration frequency and the uncerainky for the indcsied frequency band,

¥ AL frequencies balow 3 GHz. 1he validiy of fissue parameters (r and o) can be relaxed 10 £ 10% # liquid compansabon formula & applied 1o
measured SAR valuus. At frequoncies abave 3 GH. the valdity of issue parmmetnrs (o and o) is reatnched to £ 5% The uncenainty in the RSS of
thiy ConvF uncartminty for indicated targed lissue porameters
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DASY/EASY - Parameters of Probe: EX3DV4 - SN:3863

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz)© P-:;-urr.nul-:;y' m{‘gﬂwr ConvF X | ConwFY | ConwFZ | Alpha ?::-.:? l[{:n-';ti
750 55.5 0.96 8,57 9.57 857 018 1.54 £120%
B3s 55.2 0.97 9.59 9.59 0,50 0.24 0.99 +12.0 %
1750 53.4 1.459 7.84 7.84 7.84 0.27 0.99 £12.0 %
1900 533 1.52 7.49 7.49 7.49 0.27 1.02 :120%

2450 527 1.85 7.04 7.04 .04 0.77 0.56 +12.0 %
2800 525 218 6.78 6.79 8.79 0.80 0.50 +120%
5200 49.0 5.30 4.49 4.40 4.49 0.38 1.90 +13.1%
5300 489 | sa2 s14 | 414 | 414 | o048 | 190 | s139%

| 5500 486 | 585 3g | 391 | 3@ 0.51 | 1.80 l $131% |
5600 48.5 577 | 360 3.60 3.60 0.58 1.0 $13.1% |
5800 48.2 6.00 3.95 3.85 3.95 0.53 1.80 ] +13.1%

ranc'l'\'.Bllﬂll:fﬂl £ 100 MMz onby applies for DASY wi 4 and lagher {see Page 2), el I & resincled 10 = 50 Mz, Tha uncartainty is (ha R55
ol e Comd unoertmnty 8l calibralion Frequency and the uncertainty lor the indicabed frequency band

" Al frequmncies below 3 GHE. tha validity of tissue paramebers (£ and o) can be mined bo ¢ 10% i Squid compensation formula is appled o
mansured SAR values, Al frequencies above 3 GHz. the validity of tssus parametens (¢ and o) i resiricled 1o = 5% The uncertainty is the RSS of
the ConvF uncertainty for indicatod target lissus parampbers
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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(SAR}.a4)
(TEM cell , f =900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment

1= B35 MHz WGLS R (H_comF) 1= 1800 MHz. WGLS R22 (H_com#f)
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Deviation from Isotropy in Liquid
Error (&, 8), =900 MHz
-
&
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Uncertainty of Spherical Isotropy Assessmaent: £ 2.6% (k=2)
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Ex30via- 5N:3863 duly 31, 2013

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

Other Probe Parameters

[ Sansor Arrangement Triangutar |

| Eonnactor Angle () 735

Mechanical Surlace Detection Mode i | = l.!-i.'IIEEET:
Optical Surface Delaction Mode I disablad

“Probe Cverall Lt-!rlgl_h 337 mm

Prabe Body Diameter 10 mm
Tip Lﬂnmﬁ 8 mm .
Tip Diamater 2.5mm |
Probe Tip to Sensar X Calibration Paint 1 mm
Probe Tip lo Sensor ¥ Callbration Point imm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommaended Measurement Distanca from Surface 2 mm
Certificate Mo EX3-3863_Jul13 Page 110of 11
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Attachment 4. — Dipole Calibration Data
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Calibration Laboratory of S, Schweizerischer Kailbrierdisnst
Schmid & Partner Service suisse d'italonnage

Ao
Engineering AG %
Zeughaissatrassa it

43, 8004 Zurich, Switzeriand %

o

Accradited by tha Swiss Accreditation Senice (SA5)
The Swisa Accroditation Service is one of the signatories to the EA
Multlateral Agresment for the recognition of callbration certificates

Client HCT {Dymstec)

Servizio svizzero di taratura

Swizs Colibration Service

Accreditation No.: SCS 108

Certificate No: D2450V2-743_Aug13

CALIBRATION CERTIFICATE

Obiect D2450V2 - SN: 743

CalBmlion prooeunt|s)

QA CAL-05.v8

Calibration procedura for dipole validation kits above 700 MHz

Caliration date August 23, 2013

Calsrntion Equipmant used (MATE critical bar calibeataon)

Thig castration cenificaie documents he dacaabiity 1o natonal slandards, which realine o piwsical units of mansuremants (S),
This measummmonts and the uncariaentios with confidence probabilfy sre ghwen on the lofereing pages and ane parl of e cenilicate.

All calibentons have been contucted |n the closed labombnry 1acillty, environmen] tsmparstre (22 = 3])°0 and humidty < T0%

| Primary Standards i0# Cad Dain |Cortificabn Mo} Senachuled Calipmzon
| Poweat malsd EPM-L424 GRITAROTOL Oi=Maw=12 {Ma. 217-01540) Oet-13
| Powin sensor HP BAE1A US3TEEETAd O -Mav-12 (No. 21 T-0iB40) 2e1-13
| Aofarence 20 08 Atlenuaion S 5058 (20k) Od-Apr- 10 (Na. 217-017340) Apr-14
Typa-M mismakeh combinalion SN 50473/ DB32T H-Apr-13 [Na. 21701738 Apr-14
Falaranss Proba ES30VD SN 3205 26-Dec-12 (Mo, ES3-3205_Dec12) Dec-13
DAE4 S EN 25-Apr13 [ho. DAE4-S01_Apr13) Apr-14
Sanondary Slanaands s Chack Dato {in housa) Schadued Chock
Povenr sansor HP BASTA Y& 1082317 1E-Oet-02 (in housa chack Oet-11) In house chacke {813
AF penemicr RES SMT-06 100005 - Aug-B9 (in house check Oct-11) In house check: 0ct-13
Metwolk Analynar HP BTS3E US3TIEOSES 54208 16-0ct-01 {in hotse chock Oot-12) In house checic Oct-13
Hama Furciion Sigruluits
Catitmiod by: Jalon Hastrmil Laborabory Technician -
- [ L —
Appeoved oy Kata Pokovic Tocheical Marsgar W
Insumd Augueat 23, 2003
This calibention canficato shall nol be epoduced excopl in full without writien approvai of the labormabony,
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Calibration Laberatory of S, Schweizarischer Kallbrisrdionst
Schmid & Partner i Service suisss d'étmlennage
Engineering AG : = Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switreriand %ﬁ,‘f Swiss Calibration Servica
Accroditod by the Swiss Accreditation Service |SAS) Accreditation Mo.: SCS 108

Tha Bwiss Accreditation Service is one of the signalories (o the EA
Multilaioral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x.y,z
/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 Bate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, 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

c) KDB BB5664, "SAR Measurement Reguirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 Syslem 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 certilicate are valid at the frequency indicated.

« Anlenna 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,

= Fped Point Impedance and Return Loss: These parameters are measurad 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 uncerainty required.

= FElecirical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo 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.

« SARA 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%.

Cartificats Ma: D2450V2-T43_Aug13 Page 2 of 8
Report No HCT CO., LTD.
p : 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 74 of 96

HCT-A-1406-F011 TEL: +82 316456300 FAX: +82 31 645 6401



HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS VE28.7
Extrapolation Advanced Extrapolation
Phantom Modular Flal Phamtom
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution d, dy, dz =5 mm
Frequency 2450 MHz 1 MHz
Head TSL parameters
The lallowing parameters and calculations wene applisd
Temporature Parmittivity Conductivity
HNominal Head TSL parameters 220°C 3.2 1.80 mhafm
Measured Head TSL parameters [220=02)°C 7 8:6% 1,80 mhodim = 8 %
Head TSL temperature change during test <05°C e s
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition
SAR measured 250 mW Input power 13.3 Wikg
SAR for nominal Head TSL parameters normalized o 1W 52,8 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SARA measured 250 mW Inputl power B.18 Wikg
SAR for nomingl Head TSL parameters normalized to 1W 24,56 Wikg = 16.5 % (k=2)

Body TSL parameters
The following pamameters and caloulations werne applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20 52.7 1.85 mhaoim
Measured Body TSL parameters (220402 "C 508x6% 2.03 mha'm = 8 %
Body TSL temperature change during test <0.5"C e s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW iImpul power 13.0 Wiky
SAR for nominal Body TSL parameters nommakized o 1W 50.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR maasured 250 mW input power 6.01 Wikg

SAR for nominal Body TSL paramatars

normadized 1o 1W

23.6 Wikg = 16.5 % (k=2)

Cenificate Mo, D2450V2-743_Aug13
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Appendix
Antenna Parameters with Head TSL
Impedance, tranalormed to feed point 5390+ 42 H)
Reatum Loas - 251 dB

Antenna Parameters with Body TSL

Impedance, transformed fo feed paint 5000+55[K
Raturn Loss -252dB

General Antenna Parameters and Design

Elactrical Delay (one direction) 1.159 ns

After long term use with 100W radisled power, only a slighl warming of the dipode near the feedpoint can be measured

The dipole = made of standard semingid coaxial cable. The conter conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some of the dipales, small end caps
ara added fo the dipole arms in order o iImprove majching when loaded according 1o the position as explainad in the
"Measurement Conditions™ paragraph. The SAR data are not affectad by this change, The overall dipole length is still
accorcng fo the Standard

Mo excessive force must be applied to the dipole arms, because they might bend or the soidered connections near the
feadpain miy be damaged

Additional EUT Data

Manutactured by SPEAG
Manufactured on Decembar 01, 2003
Canilcate Mo D2450V2-743_Aug13 Page 4 of 8
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DASYS Validation Report for Head TSL

Date: 22.08.2013
Test Labormatory: SPEAG, Zurich, Switzerlund
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 743

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

Medium parmmeters used: F= 2450 MHz; o= 1.8 5/m; & = 37.8; p = 1000 L-E.a'm1
Phantom section: Flat Section

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

DASY 32 Configuration:
» Probe: ES3DV3 - SN3205; ConvFi4.52, 4.52, 4.52): Calibrated: 28.12.2012;
»  Sensor-Surface: Imm (Mechanical Surface Detection)
»  Electronics: DAES Sn601; Calibrated: 25.04.2013
+ Phontom: Flat Phantom 5.0 (front); Type: QDOOOPSDAA; Serial: 1001

« DASYS2S52BT(1137): SEMCAD X 14.6.10(7164)

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

Reference Value = 100.4 Vim; Power Drift = 0,06 dB

Peak SAR (extrapolated) = 27.8 Wike

SAR(1 g) = 133 Wikg: SAR(10 g) = 6.18 Wikg

Maximum value of SAR (measured) = 16.9 W/kg

0dB = 16.9 Wikg = 12.28 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Drate: 23,08.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 743

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

Medium parsmeters used: [= 2430 MHz; o = 2.03 §/m; & = 50.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (TEEEMEC/ANSIT C63.19-2007)

DASYS2 Configuration:
+ Probe: ES3DV3 - SN3205; ConvFi4.42, 4,42, 4.42): Calibrated: 28.12.2012;
= Sensor-Surface: Imum (Mechanical Surface Detection)
+ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

« DASYSZS2E7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7)/Cube 0:
Measurement grid: dx=5mm, dv=5mm, dz=3mm

Reference Value = 93,835 VWm; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 27.3 Wikg

SAR(I g) =13 W/kg: SAR(10 g) = 6.01 Wikg

Maximum value of SAR (measured) = 16.8 Wikg

dB

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =168 Wike = 12.25 dBW/kg
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Impedance Measurement Plot for Body TSL
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Engineering AG

Zoughoussirasse 431, 8004 Zurich, Switrerinnd

Accrediied by the Swiss Accredislion Serice (SAS)
Thee Swiss Accredilation Service is one of the signatories 1o the EA
Multilateral Agresment for the recognition of calibration certificates

cient  HCT (Dymstec)

Schweizerischer Kalibrierdienst
Service suisss délalonnage
Senizio svirzeno di tarsturs

S  swiss Callbration Service

Certificate No: D5GHzV2-1107 _Jan14

|CALIBRATION CERTIFICATE

Olbject

Calibrifion data:

Calibration proceduns(s)

D5GHzV2 - SN: 1107

QA CAL-22.v2

Calibration procedure for dipole validation kits between 3-8 GHz

danuary 27, 2014

Calirabon Equipment used (MATE critical for caBbration)

This calibration cenificale documanta the iraceability 1o natienal standasds, which realize the physical units of measuremants (51).
The maasurements and the unceraingies with confidence probabiity are given on tha following pages and are past of 1he cerificate.

Al calitations have bean conductad in the cdosed Inboratory Iacility: amdmnment lemperature (22 = 3)°C and humidity < T0%.

Primary Standands 10 Cal Date (Cortdficatn MNo.) ‘Schadulad Calfiration
Powid mlar EPL-L20 GHITA80704 09-0ct-13 (Mo, 217-0188T) Det-14
Povens sensos HP B4B1A USATReTEY 059-0ci-13 (Mo 217-01827) Oct-14
Power sansor HP B481A MYd 1082 T 08-0zt-13 (Mo, 217-01828) Oct-14
Raferonce 20 dB Attanustar SM: 5058 [20k) Od-Ape-13 (Mo, 217-01726) Agir-14
Type-MN mismatch combination SN: 50473/ DEA2T D4-Apd-13 (No. 217-01739) Apr-14
Felerance Proba EX30VE SH:- 3503 30-Dec-13 (Mo. EX3-3503_Dec3) Dhsc-14
OAEL Sk 601 25-Apr-13 (No. DAE4-601_Aprid) Apr-14
Secondary Slandands 10 # Check Date ([ houss) Scheduled Chack =
AF ganemior RAS SMT-DE 100005 Od-Aug-8 (in house chack Oct-13) In house check: Oct-16
Matwork Anafyzer HP BY53E US3TI00585 54206 1B-Det-0 (in houss check OC1-13) I housae check: Oct-14
|
Nama Function Signature
| calibrated by Istme El-Naoug Lakoratory Technician M
Appoved by Kaks Pokovic Tachnical Manmsgor

This calibration coriificate shall not ba reproduced except in full withou! wnlten approval of the inboratony.

Essued: Jarary 27, 2014
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Calibration Laboratory of eQ'*{fQ‘_,:a::'”>$ Schweizerischer Kalibrierdienst
Schmid & Partner % g Service sulsse d'étalonnage
Enginaeﬁng AG e Servitio svizzero di taratura
Zeughausstrasse 43, 5004 Zurich, Switzerland ’:-v,vﬁ”vb S  swiss Calibration Sarvice
Accrodited by the Swiss Accrediation Sanice (SAS) Accraditntion No.: SCS 108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilatoral Agreemant for the recognition ol calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
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 Requiremants for 100 MHz to 6 GHz"

c) |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 Technigues™, June 2013

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 lo 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 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 Retum Loss ensures low
reflected power. No uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncertainty required.

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

s 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
multiphed 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 configuralion, as far as not given on page 1

DASY Version DASYS VE2.8.7
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 tollowing parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 360 4 66 mhoim
Measured Head TSL parameters (22.0 = 0.2) "C 35.0+6% 445 mho'/m = 6 %
Head TSL temperature change during test <0.5"C _—

SAR result with Head TSL at 5200 MHz
SAR averaged over 1 cm’ {1 g) of Head TSL Condition
SAF measured 100 mW Input power 7.83 Wikg
SAR for nominal Head TSL parameters normalized to 1W 77.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Hoad TSL condition
SAR measured 100 mW input power 2.25 Wikg
SAR for nominal Head TSL parameters normalized 1o 1W 22,3 Wikg =19.5 % (k=2)

Certillcate Mo: DSGEHZV2-1107_Jani4 Page 3 of 16
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Head TSL parameters at 5300 MHz
Tha following paramatars and calculations were applisd,
Temperature Permittivity Conductivity

MNominal Head TSL parameters 220°C 358 4,78 mho/m

Measured Head TSL parameters (22.0=0.2)°C 349+6% 4.54 mho/m = 6 %

Head T5L temperature change during test <05"C - -
SAR result with Head TSL at 5300 MHz

SAR averaged over 1 em” 1 g of Head TSL Condition

SAA measured

100 mW input powar

8.35 Wikg

SAR lor nominal Head TSL parameters

nomalized to 1W

82.9 W / kg = 19.9 % (k=2)

SAR averaged over 10 em® (10 g} of Head TSL

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized o 1W

23.9 Wikg £ 19.5 % (k=2)

Head TSL parameters at 5500 MHz
The lollowing parameters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 356 4,98 mho/m

Measured Head TSL parameters (22.0+02)°C MBE+E% A.74 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 measurad 100 mW input power B.AT Wikg

SAR for nominal Head TSL parameters nommalized 1o 1W 84.0 Wikg = 19.9 % (k=2)

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

SAHA measured 100 mW Input power 2.42 Wiy

SAR for nominal Head TSL paramelers nomalized o 1W 24.0 Wikg = 19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The lallowing parameters and cabculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 355 5.07 mho/m

Measured Head TSL parameters {22.0=0.2)"C 35+6% 4.86 mho/m + 6 %

Head TSL temperature change during test =05°C - e
SAR result with Head TSL at 5600 MHz

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

SAR measured 100 MW irput power B.37 Wikg

SAR for nominal Head TSL parameters normalized to 1TW B3.0 Wikg + 19.9 % (k=2)

SAR averaged over 10 em’ {10 g} of Head TSL condition

SAR measured 100 mW input power 2.39 Wikg

SAR for nominal Head TSL parametors normalized o W 23.7 Whkg £ 19.5 % (k=2)
Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C 353 527 mhal'm

Measured Head TSL parameters (22.0£0.2) °C 3M2=6% 5.07 mho/m £ 6 %

Head TSL temperature change during test <05°C =
SAR result with Head TSL at 5800 MHz

SAR averaged over 1 em” {1 g) of Head TSL Caondition

SAR measured 100 mW input power 8.01 Wikg

SAR lor nomanal Head TSL parameters

normalized to 1W

79.4 Wikg = 10.9 % (k=2)

SAR averaged over 10 em” {10 g) of Head TSL

condition

SAR measured

100 mW inpul powar

2.28 Wiy

SAR for nominal Head TSL parameters

nommalized to 1W

22.6 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and calculations ware applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0+0.2)"C 473 +6% 5.44 mho/m = 6 %
Body TSL temperature change during test <05°C wees -
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 7.52 Wikg
SAR for nominal Body TSL parameters nommakized to 1W T4.7 Wikg = 19.9 % (k=2)
SAR averaged aver 10 cm” (10 g) of Body TSL conditian
SAR measured 100 mW input power 2.10 Wikg
S5AR for nominal Body TSL paramelars nommalized to 1W 20.8 Wikg = 18.5 % (k=2)
Body TSL parameters at 5300 MHz
The lolkwwing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20°C 485 542 mha/m
Measured Body TSL parameters (22.0 2 0.2) "C 47.2+6% 5,57 mho/m £ 6 %
Body TSL temperature change during test <0.5"C == ==
SAR result with Body TSL at 5300 MHz
SAR averaged over 1 cm’ (1 g) of Bady TSL Condition
SAR measured 100 mW input power T.63 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 75.8 Wikg =19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 100 mW input power 214 Wikg
SAR for nominal Body TSL paramaters nomalized 10 1W 21.2 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.6 5.65 mho/m

Measured Body TSL parameters (220 0.2)"C 46.8 +6 % 5.84 mho/m £ 6 %

Body TSL temperature change during test <0.5°C —_ -
SAR result with Body TSL at 5500 MHz

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

Report No.

HCT-A-1406-F011

SAH measured

100 mW input power

7.96 Wikg

SAR for nominal Body TSL parameters

nomalized 1o 1W

79.1 Wikg £ 19.9 % (k=2)

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

condition

SAR measured

100 m\W input power

2.21 Wikg

SAR for nominal Body TSL parameters

nommakized to 1W

21.9 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The foliowing parameters and calculations were applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 220°C 48.5 5.77 mho/m
Measured Body TSL parameters (220 +02)°C 466+6% 5688 mho/m = 6%
Body TSL temperature change during test <0.5°C —

SAR result with Body TSL at 5600 MHz

SAR averaged over 1 em’ {1 g) of Body TSL Conditian
5AR measured 100 mW Input power 8.07 Wikg
SAR for nominal Body TSL parameters normalized to 1W B0.2 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm” (10 g) of Body TSL condition
S5AR maasured 100 mW input powar 2.24 Whig
SAR lor nominal Body TSL parametars normalized to 1W 22.2 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
Tha following parameters and calculations were applied

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.2 .00 mho/m
Measured Body TSL parameters {22.0+0.2)"C 463+86% 6.23 mho/m + 6%
Body TSL temperature change during test <05°C = s
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em” {1 g) of Body TSL Condition

SAR measured

100 mW imput power

7.49 Wikg

SAR for nominal Bady TSL paramaters

normalized to 1W

74.4 Wikg 2 19.9 % (k=2)

SAR averaged over 10 em” (10 g) of Bady TSL

condition

SAR measured

100 mW inpul power

2,07 Wikg

SAR for nominal Body TSL parameters

normalized 1o 1W

20,5 Wikg = 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz
Impedance, transtormed to feed point 48.9 (- 10.5 {1
Return Loss -19.5d8
Antenna Parameters with Head TSL at 5300 MHz
Impedance, transiormed to fead point 4920 -T4j0Q
Return Loss -226dB
Antenna Parameters with Head TSL at 5500 MHz
Impedance, trensfarmed 1o leed point 51.041-54 02
Aetum Loss -253dB
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed to feed point 537R-5T7/K
FAeturn Loss «23.7 dB8
Antenna Parameters with Head TSL at 5800 MHz
Impedance, transformed to lead paim 55060 -58[0
Fieturn Loss -228dB
Antenna Parameters with Body TSL at 5200 MHz
Impedance, transformed 1o leed point 48.201-9.7 0
Aeturn Loss -20.2 dB
Antenna Parameters with Body TSL at 5300 MHz
Impedance, transformed to feed poant 4960 -6.7 2
Return Loss -23.5dB
Antenna Parameters with Body TSL at 5500 MHz
Impedance, transformed to feed point 51.00-47j0
Return Loss - 26.5 dB
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Antenna Parameters with Body TSL at 5600 MHz

Impedance, ranslormed 1o leed paint 54560 -46j0

RAetumn Loss -24.1 dB8

Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 5616 -4.2(1
Return Loss -23.1d8

General Antenna Parameters and Design

| Electrical Delay (one direction) I 1.196 ns

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

The dipole is made of standard semirigid coaxial cable. Thi center conductor of the feeding line is directly connectad to the
sacond am 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 ordar 1o improve malching when loaded according 1o the position as explained in the
*Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 1o the Standard.

Mo excessive force must be applied to the dipole arms, because thay might bend or the soldered conneclions near the
feedpaint may be damagod,

Additional EUT Data

Manufactured by SPEAG
Manutactured an March 11, 2011
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DASYS Validation Report for Head TSL

Date: 27.01.2014
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: = 5200 MHz; o =4.45 b.nfm £ =35; p= 1000 kg/m’ , Medium parameters used: f
= 5300 MHz: o = 4.54 5/m; & = 34.9: p= 1000 kg/m” , Medium parameters used: = 5500 MHz: 0 =4.74
Sime ::,: 34.6; p= 1000 I».g,.l'm Medium parameters used: f = 5600 MHz; o = 4.86 5/m; &= 34.5; p= 1000
kg:'m Medium parameters used: = 35800 MHz; 0 =507 5/m; g, = 34.2; p= 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS (IEEEIEC/ANS] C63.19-2007)

DASYS2 Confliguration:

« Probe; EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.2, 5.2, 3.2
Calibrated: 30.12.2013, ConvF(5.01, 5.01, 5.01); Calibrated: 30,12.2013, ConvF(4.86, 4.86, 4.86);
Calibrated: 30.12.2013, ConvFi4.91, 4.91, 4.91); Calibrated: 30.12.2013;

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

« Electronics: DAE4 Sn601; Calibrated: 25.04.2013

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001
« DASYS5252.8.7(1137); SEMCAD X 14.6.10(7 164}

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=14mm

Reference Value = 63,171 Vim; Power Dnft = 0,01 JdB

Peak SAR (extrupolated) = 28.2 W/kg

SAR(I g) = 7.83 Wikg; SAR(10 g) = 2.25 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: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 64,166 V/m; Power Drifi = 0.06 dB

Peak SAR (extrapolated) = 31.1 Wikg

SAR(1 g) = 8.35 W/kg: SAR(10 g) = 2.41 Wikg

Maximum value of SAR (measured) = 19.3 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 = 63.499 Vim; Power Drift = 0.08 dB

Peak SAR (extrapolaed) = 32.9 Wikg

SARI1 g) = 8.47 Wikg: SAR(10 g) = 242 Wikg

Muximuom value of SAR (measured) = 19.7 Wikg
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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=1 4mm

Reference Value = 62,691 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolued) = 32.8 Wikg

SAR(1 g) = 8.37 W/ke: SAR(10 g) = 2.39 Wikg

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

Reference Value = 60.600 V/m; Power Drift = 0.07 dB

Peak SAR (extrapolated) = 33.0 Wikg

SAR(I g) = 8,01 Wikg; SAR(10 g) = 2.28 Wikg

a8
[
.60
12,00
Aus8
2400
-30.00
0dB=193W/keg=12.86dBW/kg
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Impedance Measurement Plot for Head TSL

27 Jan 2014 AT120133
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DASYS Validation Report for Body TSL

Date: 24,01.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; 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:; o = 5.44 5/m; g, =47.3; p= 1000 kg/m’ , Medium parameters
psed: = 5300 MHz; o = 5.57 5/m; = =47.2; p= 1000 kg/m’ , Medium parameters used: f = 5500 MHz: 6 =
5.84 5/m; +., = 46.5; p= 1000 Lg,n’m , Medium parameters used: f = 5600 MHz; o = 5.98 5/m: ::, = 46.6; p=
1000 kg/m’ , Medium parameters used: = 5800 MHz: o = 6.23 S/m; & =46.3; p= 1000 ke/m'

Phantom section: Flat Section

Measurement Standard; DASYS (IEEEMEC/ANS] C63,19-2007)

DASY52 Configuration:

«  Probe: EX3DV4 - SN3503; ConvF(3.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.76, 4.76,
4.76); Calibrated: 30.12.2013, ConvFi4.52, 4,52, 4.52); Calibrated: 30.12.2013, ConvF(4.3, 4.3, 4.3);
Calibrated: 30.12.2013, ConvF(4.47, 4.47, 4.47); Calibrated; 30.12.2013;

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

»  Electronics: DAE4 Sn601; Calibrued: 25.04.2013

« Phantom: Flat Phantom 5.0 (back); Type: QDODOPS0AA; Serial: 1002
= DASYS2528.7(1137); SEMCAD X 14.6.10(7164)

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

Reference Value = 58,992 Vim; Power Dnft = 0,01 dB

Peak SAR (extrapolated) = 29.6 Wikg

SAR(1 g)=7.52 Wikg; SARI(10 g) = 2.1 Wike

Maximum value of SAR (measured) = 17.3 Wikg

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 = 58.567 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31.0 Wikg

SAR(] g) = 7.63 Wikg: SAR(10 g) = 2.14 Wikg

Maximum value of SAR (measured) = 17.8 Wikg

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

Reference Value = 58.552 Vim; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 34.3 W/kg

SAR(I gh = 7.96 Wikg: SAR(10 g) = 2.21 Wikg

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

Reference Value = 58.338 V/m; Power Dnft =-0.01 dB

Peak SAR (extrapolated) = 35.7 Wikg

SAR(] g) = 8.07 Wikg: SAR(10 g) = 2.24 Wikg

Maximum value of SAR (measured) = 19,4 Wikp

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 = 55,156 V/m; Power Drift =-0.02 dB

Peak SAR (extrapoluted) = 34.8 Wikg

SAR(1 g) =749 W/kg; SAR(10 g) = 2.07 Wikg

Maximum value of SAR (measured) = 18.2 Wikg

il
o
08
1300
18,00
pise
0,00
0dB =152 Wikg = 12.60 dBW/kg
Carificate Mo: DSGHV2-1107 _Jan14 Page 15 of 16
Report No HCT CO., LTD.
p : 74, Seoicheon-ro 578 beon-gil, Majang-myeon, Icheon-si, Gyeonggi-do, Korea 467-811 95 of 96

HCT-A-1406-F011 TEL: +82 316456300 FAX: +82 31 645 6401



CT

HCT OO LT

FCCID: ZNFV480 Issue Date: Jun. 26, 2014

Impedance Measurement Plot for Body TSL
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