FCC ID: ZNFE972
Report No.: DRTFCC1210-0631
Total 131pages

DIGITAL

EMC

SAR TEST REPORT

Test item . Cellular/PCS GSM/GPRS/EDGE/WCDMA/HSDPA/HSUPA Phone
with Bluetooth, WLAN and NFC

Model No. . LG-E972, E972, LGE972

Order No. . DEMC1209-01843

Date of receipt : 2012-09-18

Test duration . 2012-10-05 ~ 2012-10-15

Date of issue . 2012-10-16

Use of report . FCC Original Grant

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

Test laboratory : Digital EMC Co., Ltd.
683-3, Yubang-Dong, Cheoin-Gu, Yongin-Si, Kyunggi-Do, 449-080, Korea

Test specification :  §2.1093, FCC/OET Bulletin 65 Supplement C[July 2001]
Test environment :  See appended test report

Test result . X Pass [] Fail

The test results presented in this test report are limited only to the sample supplied by applicant and
the use of this test report is inhibited other than its purpose.  This test report shall not be reproduced except in full,
without the written approval of DIGITAL EMC CO., LTD.

Tested by: Witnessed by;. Reviewed by:
Engineer Engineer ' Technical Directér/
N.K.Lim S.K. Ryu Harvey Sung

DF-403-01(01)100601 Digital EMC Co., Ltd.



Report No. : DRTFCC1210-0631 FCC ID: ZNFE972 Date of issue : Oct.16, 2012

Table of Contents

1. INTROCUCTION
2. DESCRIPTION OF DEVICE... ...ttt s b s s bbb bbb e e s ba s 4
3. DESCRIPTION OF TEST EQUIPMENT ....ooiiiiiiiiiiiiie ittt s 5

3.1 SAR MEASUREMENT SETUP ...ttt ettt ettt e e ettt e e e et e e et e e e s eabaeestaeeesbaeesbaeeesnreaeenses 5
3.2 EX3DV4 Probe SPECIfICALION ......cc.eiiiiiiiiiiiii ittt b et sb et 6
3.3 Probe Calibration Process

3.3. 1 E-Probe Calibration..............eiiiiiiiiiiiiii ettt e e e e e et e e e e e e e et b b e e e e e e aabbaeeeaeeaaaatraaaaaeaaaaann

A T = Wt = T Lo F= Lo o USRS
3.5 SAM TWIN PHANTOM ...ttt ettt e et e e e e et e e e et e e e et e e e eateeeeeateeeaasteeeaesteaeeesaeeesseeeasaeeeeseeeeannens
3.6Device Holder for Transmitters........c.cccoeevvvvveeeeeeeciinnnennn.
3.7 Brain & Muscle Simulation Mixture Characterization....
3.8 SAR TEST EQUIPMENT ....cooiiitiiiiiee e
4. TEST SYSTEM SPECIFICATIONS. ...ttt eetee ettt ettt e et e ettt e ettt e e e ettee e s etteeeaeaaeeesesteeeessseeessseeeseesseeeesasseeeseneens

5. SAR MEASUREMENT PROCEDURE ........oocoiiiiiiiii i s 13
6. DESCRIPTION OF TEST POSITION.....coctiiiiiiiiiiii i 14

6.1 HEAD POSITION ...ttt ettt ettt e e e e ettt e e e e e e e b bt et ee e e e asbbaeeeae e e e s bbb eeaeeeeesasabbeeeeeansbbbneaaaeeaanssnreeaens 14
6.2 POSItioNing fOr ChEEK/TOUCK ......cooeiiii et s e e et ae e e e te e e esta e e s snneeeesnseeeennes 15
6.3 POSItIONING TOr EAr / 15 Tl eeeeeieiie ettt ettt e ettt e e s e e st e e e snbe e e e anne e e e nneeeeenneeeennee 15
6.4 Body Holster /Belt Clp CONfIQUIALIONS .........vuiiiiiiiee ettt e e e e et e st e e s s e e s nneeeeennes 16
7. IEEE P1528 —MEASUREMENT UNCERTAINTIES ......oeiiiiiiiiiee ettt ettt a e e e e e e e e aeae e 17

8. ANSI| / IEEE C95.1-2005 RF EXPOSURE LIMITS ..ottt st 29
9. SYSTEM VERIFICATION ...ttt et st e b e e st e e b e s b e s b e e s ba e s b e e sane e e

9.1 Tissue Verification ...........
9.2 Test System Validation
10. Multiple TRANSMITTERS SAR CONSIDERATIONS ....eiiiiiiiiiiiie ettt sttt ettt et ne e b e snneens 33

10.1 SAR for SIMUItANEOUS TraNSMISSION.....cciuutitieitieiteeeieesieesteeesteeateeaabeesteeebeessteesbeeasbeeanbeessseeaseesnbeessseesteeanee

10.2 DeSCription Of VOIUME SCAN ....cc.uiiieiiiieeciiie et e et e e st e e st e e e s e e e st e e e s sae e e e s steeeansseaesnsseeessseaeesaneeannseaeensnes

10.3 SAR ASSESSIMENL.....ceiiiiiiiiiiiiiiiee et e e eeea e
11. Configuring 802.11 a/b/g Transmitters for SAR Measurement

12. SAR Measurement Co NAItiIoNS fO T UMTS ....oiii i e e e e e e e e e et s st raeaaeeeeens
13. SAR CONSIDERATIONS ...ttt ettt ettt e e ettt e e e et e e e e eba e e e s bee e e abteeeebaeeeeabeeeeaabaeeeasbeaes sbeeesansseeeataeeesasreeeas 44

13.1 SAR TeSt CONFIQUIALIONS ......eeiiiiiieeiiiee ettt e sttt e e st e ettt e e et e e e s see e e e st e e e asaeeeessaeee e sseeeeasseesassaeeensaneeannseeeensnes 44
R B0 N 1 (=T o F= 1) = o= SRS SR 44
14. SAR TEST SUMMARY AND POWER TABLE ...ttt ettt e e e e e s snttanaaaaes taeeeeeanns 45

15. SAR TEST DATA RESULTS ..ottt sttt e e s b e saes sabaeesbesesbaesbeesinee e 50

15.1 Measurement Results (GSMB850 HEAA SAR) .......ueviiiuiieiiiiieesieee et e e siee e e s e e snaee e s st e e e ssaeeeannneeesnreeeaneees
15.2 Measurement Results (GSM850 GPRS Head SAR) ......cooiiiiiiiie et
15.3 Measurement Results (PCS1900 Head SAR) ......coiiiiiiiiiiieeie ettt
15.4 Measurement Results (PCS1900 GPRS Head SAR)
15.5 Measurement Results (WCDMA 850 HEAA SAR) .......cuuiiiiiieeiiieeeeiiee et e e see e seee e snee e e seeeeesnaeeeesnneeesnneeas
15.6 Measurement Results (WCDMA 1900 HEad SAR).....ccuuii i iieeeeiee e see e e see e ssee e snneeaesseeeesnaeeeesneeennnees
15.7 Measurement Results (802.110 Head SAR) ......cou ittt ea et e e e
15.8 Measurement Results (802.11a - 5.8 G Band Head SAR)
15.9 Measurement Results (802.11a - 5.2 G Band Head SAR)

15.10 Measurement Results (802.11a - 5.3 G Band Head SAR) ........oviiiiireiiiee e e snnee e 59
15.11 Measurement Results (802.11a - 5.5 G Band Head SAR).........ceviiiiieiiiiee e esee e 60
15.12 Measurement Results (GSM850 GPRS Hotspot BodY SAR) .....cocuiiiiiiiieiiiee e 61
15.13 Measurement Results (PCS1900 GPRS Hotspot BOY SAR)........cciiiiiiierinieriiereniee st 62
15.14 Measurement Results (WCDMA 850 Hotspot Body SAR)
15.15 Measurement Results (WCDMA 1900 Hotspot BOAY SAR).......cceuiuiieiriireeiieeeenieeessieeeessreeeesnaeeeesneeeesneees 64
15.16 Measurement Results (802.11b HOtSpOt BOAY SAR)......c.uiiiiiiieeiiieeesiie e e seeeesee e ssee e e seeeeesnaee e nnneeeenneeas 65
15.17 Measurement Results (802.11a - 5 G Band BOdY SAR).......cooiuiiiiiiiii it 66
16. Scaled SAR Values to the Maximum tUNE-UP TOIEIANCES .......cccueveiiiiieeciiie e ceee e see e e stee e e stae e e sraeeesnrees areeeeas 67

17. CONCLUSION
18. REFERENCES
Attachment 1. — Probe  CaliDration Data..........c.coiuiiiiiiiieiiieesiie ettt st e e e ate ebbeesbeesteessaeesseeas 71
Attachment 2. — DipOl € CaliDrati ON Daa ........coiuiiiiiiiieiiieeie ettt et e st e steesieeesbeeas 2anreesbeesneeesseeesseean 94

TRF-RF-601(00)120709

G

Copyright ¢ 2012, Digital EMC Co., Ltd. G

Page2 /131



Report No.: DRTFCC1210-0631 FCC ID: ZNFE972 Date of i ssue: Oct.16, 2012

1. INTROCUCTION

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*.1-2005 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 Definitio n

Specific Absorption Rate (SAR) is defined as the time derivative (rate) of the incremental energy (dU)absorbed by
(dissipated in) an incremental mass (dm) contained in a volume element (dV) of a given density (K It is also defined as
the rate of RF energy absorption per unit mass at a point in an absorbing body (see Fig. 1.1)

SAR is expressed in units of Watts per Kilogram (W/Kkg).

Where:
= conductivity of the tissue-simulant material (S/m)
= mass density of the tissue-simulant material (kg/m3)
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. 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). G
General Information

Equipment type

Cellular/PCS GSM/GPRS/EDGE/WCDMA/HSDPA/HSUPA Phone with Bluetooth, WLAN
and NFC

FCCID

ZNFE972

Equipment model name

LG-E972

Equipment add model

name

E972, LGE972
G Three models are same mechanical, electrical and functional.
G The only difference is the model name, which are changed for marketing purpose.

Equipment serial no.

Identical prototype

Mode(s) of Operation

GSM850, PCS1900, WCDMAS850, WCDMA1900, W-LAN(802.11a/b)

TX Frequency Range

824.2 ~ 848.8 MHz(Cellular Band) / 826.4 ~ 846.6 MHz(WCDMA FDD V)

1850.2 ~ 1909.8 MHz(PCS Band) / 1852.4 ~ 1907.6 MHz(WCDMA FDD II)

2412 ~ 2462 MHz(802.11b)

5180 ~ 5240 MHz(802.11a - 5.2 GHz Band) / 5260 ~ 5320 MHz(802.11a - 5.3 GHz Band)
5500 ~ 5700 MHz(802.11a - 5.5 GHz Band) / 5745 ~ 5825 MHz(802.11a - 5.8 GHz Band)

RX Frequency Range

869.2 ~ 893.8 MHz(Cellular Band) / 871.4 ~ 891.6 MHz(WCDMA FDD V)

1930.2 ~ 1989.8 MHz(PCS Band) / 1932.4 ~ 1987.6 MHz(WCDMA FDD II)

2412 ~ 2462 MHz(802.11b)

5180 ~ 5240 MHz(802.11a - 5.2 GHz Band) / 5260 ~ 5320 MHz(802.11a - 5.3 GHz Band)
5500 ~ 5700 MHz(802.11a - 5.5 GHz Band) / 5745 ~ 5825 MHz(802.11a - 5.8 GHz Band)

1g SAR (W/kg)
Band
Head GPRS Head Body - worn Hotspot
GSM850 0.465 0.538 1.030 1.030
Max. SAR Measurement PCS1900 0.253 0.561 1.120 1.120
WCDMAS850 0.317 - 0.541 0.541
WCDMA1900 0.576 - 1.040 1.040
2.4 G W-LAN(802.11b) 0.096 - 0.168 0.168
5 G W-LAN(802.11a) 0.086 - 0.370 -
Simultaneous SAR per KDB 690783 D01 0.672 0.657 1.490 1.288

FCC Equipment Class

Licensed Portable Transmitter Held to Ear (PCE)

Date(s) of Tests

2012-10-05 ~ 2012-10-15

Antenna Type

Internal Type Antenna

Functions

z GSM/GPRS(GPRS Class: 12) / EDGE(EDGE Class: 12) supported
* DTM not supported
z BT(2.4GHz)/WLAN(2.4GHz, 5 GHz, 802.11a/b/g/n) supported
* No simultaneous transmission between BT & WLAN
z Simultaneous transmission between GSM, WCDMA voice & WLAN / GPRS, WCDMA
& WLAN
VolP supported.
Mobile Hotspot supported.
When Hotspot is enabled, all 5 GHz bands are disabled.
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3. DESCRIPTION OF TEST EQUIPMENT

3.1 SAR MEASUREMENT SETUP

Measurements are performed using the DASY5 automated dosimetric assessment system. The DASY5 is made by
Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland and consists of high precision robotics system
(Staubli), robot controller, desktop 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 Fig. 3.1).

A cell controller system contains the power supply, robot controller teach pendant (Joystick), and a remote control used
to drive the robot motors. The PC consists of the Intel Core i7-2600 3.4GHz desktop computer with Windows NT
system and SAR Measurement Software DASY5, 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 that 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.

Figure 3.1 SAR Measurement System Setup

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.
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3.2 EX3DV4 Probe Specification

G Calibration G In air from 10 MHz to 6 GHz G

G G In brain and muscle simulating tissue at Frequencies of G
G G 450 MHz, 750 MHz, 835 MHz, 1750 MHz, 1900 MHz, 2300 MHz, 2450 MHz G
G G 2600 MHz, 3500 MHz, 5200 MHz, 5300 MHz, 5500 MHz, 5600 MHz, 5800 MHz
G
G Frequency G 10 MHzto 6 GHz G G
G
G Linearity G + 0.2 dB(30 MHz to 6 GHz) G
G
G Dynamic 5 uW/g to > 100 mW/g
G Range Linearity : +0.2dB
G Dimensions Overall length: 330 mm G
G Figure 3.2 Triangular Probe Configurations
G Tip length 20 mm
G

G Body diameter 12 mm

G Tip diameter 2.5 mm

G

G Distance from probe tip to sensor center 1.0 mm

G Application SAR Dosimetry Testing
G Compliance tests of mobile phones

G

DAE System

TRF-RF-601(00)120709

G

Figure 3.3 Probe Thick-Film Technique

The SAR measurements were conducted with the dosimetric probe EX3DV4,
designed in the classical triangular configuration (see Fig. 3.2) 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 multi fiber line ending at the front of the probe tip (see Fig. 3.3). ltis
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 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 2nd order fitting. The

approach is stopped at reaching the maximum. G
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3.3 Probe Calibratio n Process
3.3.1 E-Probe Calibration

Dosimetr ic Assessm ent Proced ure

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

Free Space Assess ment

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

Temperat ure Assess ment GQ G

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 the rmist or based temperature probe is used
in conjunction with the E-field probe.

where: where:

SAR is proportional to T / {t, 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;

Figure 3 .4E-Field and Tempera ture Figure 3.5 E-Field and Tem perature
Measurements at 900MHz Measurem ents at 1800 MHz
TRF-RF-601(00)120709 Page7 /131
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3.4 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; G
G

NONONONONINONANANANO]
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3.5 SAM Twin PHANTOM

The SAM Twin Phantom V4.0 is constructed of a fiberglass shell integrated in
a wooden table. The shape of the shell is based on data from an anatomical
study designed to determine the maximum exposure in at least 90% of all
users. It enables the dosimetric evaluation of left and right hand phone usage
as well as body mounted usage at the flat phantom region. A cover prevents
the evaporation of the liquid.

Reference markings on the Phantom allow the complete setup of all
predefined phantom positions and measurement grids by manually teaching
three points in the robot. (see Fig. 3.6)

SAM Twin Phantom Specification

Figure 3.6 SAM Twin Phantom

Construction The shell corresponds to the specifications of the Specific Anthropomorphic Mannequin
(SAM) phantom defined in IEEE 1528 and IEC 62209. It enables the dosimetric evaluation of
left and right hand phone usage as well as body mounted usage at the flat phantom region. A
cover prevents evaporation of the liquid. Reference markings on the phantom allow the
complete setup of all predefined phantom positions and measurement grids by teaching

three points with the robot.

Twin SAM V5.0 has the same shell geometry and is manufactured from the same material as

Twin SAM V4.0, but has reinforced top structure.

Shell Thickness 2+0.2mm

Filling Volume Approx. 25 liters

Dimensions Length: 2000 mm
Width: 500 mm

Height: adjustable feet

3.6Device Holder for Transmitters

In combination with the Twin SAM Phantom V4.0/V4.0c or ELI4, the Mounting
Device enables the rotation of the mounted transmitter device in spherical
coordinates. Rotation point is the ear opening point. Transmitter devices can be
easily and accurately positioned according to IEC, IEEE, FCC or other
specifications. The device holder can be locked for positioning at different
phantom sections (left head, right head, flat).

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

TRF-RF-601(00)120709
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3.7 Brain & Muscle Simulation Mixture Characterization

Figure 3.8 SimulatedTissue

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

Table3.1 Composition of the Tissue Equivalent Matter

SIMULATING TISSUE
5200 ~ 5200 ~
INGREDIENTS 835 MHZ 835 MHz 1900 MHZ 1900 MHz | 2450 MHZ 2450 MHz 5800 MHz | 5800 MHz
Brain Muscle Brain Muscle Brain Muscle -
Brain Muscle
Mixture Percentage
WATER 40.19 50.75 55.24 70.23 71.88 73.40 65.52 80.00
DGBE = = 44.45 29.48 7.990 26.54 = =
SUGAR 57.90 48.21 = = = = = =
SALT 1.480 0.940 0.310 0.290 0.160 0.060 = =
BACTERICIDE 0.180 0.100 = = = = = =
HEC 0.250 = = = = = = =
Triton X-100 = = = = 19.97 = 17.24 =
Diethylenglycol
monohexylether ) ) ) ) ) ) 17.24 )
Polysorbate(Tween) 80 - - - - - - - 20.00
Dielectric
Constant Target 41.5 55.2 40.0 53.3 39.2 52.7 - -
Corzdslf%""ty Target | 0.90 0.97 1.40 1.52 1.80 1.95 : :

Salt: 99 % Pure Sodium Chloride Sugar: 98 % Pure Sucrose

Water: De-ionized, 16M resistivity HEC: Hydroxyethyl Cellulose

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

Triton X-100(ultra pure): Polyethylene glycol mono[4-(1,1,3,3-tetramethylbutyl)phenyl]

Note: Please refer to the target of 5 GHz dielectric constant and conductivity on 30 pages of this report.
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