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1. General Information

1.1 Testing Laboratory

SGS Kaorea Co., Ltd.
Wireless Div. 2FL, 18-34, Sanbon-dong, Gunpo-si, Gyeonggi-do, Korea 435-040

Telephone : +82 +31 428 5700
FAX 1 +82 +31 427 2371
Homepage . All SGS services are rendered in accordance with the applicable SGS conditions

of service available on request and accessible at http://www.sgs.com/en/Terms-
and-Conditions.aspx

1.2 Details of Applicant

Manufacturer : Samsung Electronics Co., Ltd.

Address : 416, Maetan-dong, Yeongtong-gu, Suwon-city, Gyeonggi-do,
Korea

Contact Person : Hyung-dal- Kim

Phone No. : +82 +31 277 4109

E-mail : hd00.kim@samsung.com

1.3 Version of Report
Version Number Date Revision
00 2013-01-17 Initial issue

1.4 Description of EUT(s)

EUT Type : Digital Camera
Model : ST150F
Serial Number : ST150FDV2-010
H/W Version :DV211.02
S/W Version : fw1211161
Mode of Operation :WLAN
Body worn Accessory - None
Tx Frequency Range 12412 Mz ~ 2462 Mz (WLAN)
Max. Conducted RF Power :14.81 dB m (WLAN)
Battery Type : DC 3.7 V (Li-ion Battery)
Measured Reported SAR
Equipment Class Band & Mode Conducted
Power [dB m] 1g Body-Worn (W/kg)
DTS WLAN 14.81 0.089
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1.5 Nominal and Maximum Output Power Specifications
This device operates using the following maximum and nominal output power specifications. SAR values were scaled

to the maximum allowed power to determine compliance per KDB Publication 44798 D0O1v05.

Average power for Production

Mode Nominal & Maximum a b g n
Maximum 15.5 115 10.5
WLAN -
Nominal 15.0 11.0 10.0

1.6 Test Environment

Ambient temperature (22 £ 2)°C
Tissue Simulating Liquid |: (22 £ 2)°C
Relative Humidity : (55 £ 5)%R.H.

1.7 Operation Configuration

The client provided a special driver and test program which can control the frequency and power of the WLAN
module. Measurements were performed at the lowest, middle and highest channels of the operating band. The EUT
was set to maximum power level during all tests and at the beginning of each test the battery was fully charged.

The DASY4 system measures power drift during SAR testing by comparing e-field in the same location at the

beginning and at the end of measurement.

1.8 EVALUATION PROCEDURES
Step 1: Power Reference Measurement
The Power Reference Measurement and Power Drift Measurements are for monitoring the power drift of
the device under test in the batch process. The Minimum distance of probe sensors to surface determines the
closest measurement point to phantom surface. The minimum distance of probe sensors to surface is 2 mm.
This distance cannot be smaller than the Distance of sensor calibration points to probe tip as defined in the
probe properties.
Step 2 and 3: Area Scan & Zoom Scan Procedures
The entire evaluation of the spatial peak values is performed within the Post-processing engine (SEMCAD).
The system always gives the maximum values for the 1 g and 10 g cubes. The algorithm to find the cube
with highest averaged SAR is divided into the following stages:
1. The extraction of the measured data (grid and values) from the Zoom Scan.
2. The calculation of the SAR value at every measurement point based on all stored data (A/D values and
measurement parameters)
3. The generation of a high-resolution mesh within the measured volume
4. The interpolation of all measured values from the measurement grid to the high-resolution grid
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5. The extrapolation of the entire 3-D field distribution to the phantom surface over the distance from sensor
to surface
6. The calculation of the averaged SAR within masses of 1 g and 10 g.

< Area and Zoom Scan Resolutions per FCC KDB Publication 865664 D01v01 >
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Step 4: Power drift measurement

The Power Drift Measurement measures the field at the same location as the most recent power reference
measurement within the same procedure, and with the same settings. The Power Drift Measurement gives
the field difference in dB from the reading conducted within the last Power Reference Measurement. This
allows a user to monitor the power drift of the device under test within a batch process. The measurement
procedure is the same as Step 1.

Step 5: Z-Scan

The Z Scan measures points along a vertical straight line. The line runs along the Z-axis of a one-
dimensional grid. In order to get a reasonable extrapolation, the extrapolated distance should not be larger
than the step size in Z-direction
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1.9 The SAR Measurement System

A photograph of the SAR measurement System is given in Fig. a. This SAR Measurement System uses a
Computer-controlled 3-D stepper motor system ( Speag Dasy 4 professional system ). A Model ET3DV6
1782 E-field probe is used to determine the internal electric fields. The SAR can be obtained from the
equation SAR= ¢ (|Ei|2)/ p where ¢ and p are the conductivity and mass density of the tissue-simulant. The
DASY4 system for performing compliance tests consists of the following items:

«A standard high precision 6-axis robot (Staubli RX family) with controller, teach pendant and software. An
arm extension for accommodating the data acquisition electronics (DAE).

*A dosimeter probe, i.e., an isotropic E-field probe optimized and calibrated for usage in tissue simulating
liquid. The probe is equipped with an optical surface detector system.

*A data acquisition electronics (DAE) which performs the signal amplification, signal multiplexing, AD-
conversion, offset measurements, mechanical surface detection, collision detection, etc. The unit is battery
powered with standard or rechargeable batteries. The signal is optically transmitted to the EOC.

Aarrain Combe | B o

Fraiung
b

robot
cortrodler
[CSTHB-bype)

Tt P s

Fig a. The microwave circuit arrangement used for SAR system verification

* The Electro-optical converter (EOC) performs the conversion between optical and electrical of the signals
for the digital communication to the DAE and for the analog signal from the optical surface detection. The
EOC is connected to the measurement server.

* The function of the measurement server is to perform the time critical tasks such as signal filtering, control
of the robot operation and fast movement interrupts.

* A probe alignment unit which improves the (absolute) accuracy of the probe positioning.

» A computer operating Windows 2000 or Windows XP.
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* DASY4 software.

» Remote control with teach pendant and additional circuitry for robot safety such as warning lamps, etc.
* The SAM twin phantom enabling testing left-hand and right-hand usage.

* The device holder for handheld mobile phones.

* Tissue simulating liquid mixed according to the given recipes.

* Validation dipole kits allowing to validate the proper functioning of the system.
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1.10 System Components
ET3DV6 E-Field Probe
Construction : Symmetrical design with triangular core Built-in shielding

against static charges PEEK enclosure material (resistant to
organic solvents, e.g. glycol).

Calibration : In air from 10 Mk to 2.5 GHz In brain simulating tissue
(accuracy £ 8%)
Frequency : 10 Miz to>6 (Hz; Linearity: £0.2 dB (30 Miz to 3 GHz)
Directivity . £0.2 dB in brain tissue (rotation around probe axis)
+0.4 dB in brain tissue (rotation normal to probe axis)
Dynamic : 5 W/gto>100 mW/g; Linearity: 0.2 dB
Range
Srfce. Detect : +0.2 mm repeatability in air and clear liquids over diffuse
reflecting surfaces ]
Dimensions : Overall length: 330 mm

Tip length: 16 mm ET3DV6 E-Field Probe

Body diameter: 12 mm
Tip diameter: 6.8 mm
Distance from probe tip to dipole centers: 2.7 mm
Application : General dosimetry up to 3 Gz Compliance tests of mobile
phone

NOTE:
1. The Probe parameters have been calibrated by the SPEAG. Please reference “APPENDIX C” for the Calibration

Certification Report.
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SAM Phantom

Construction: The SAM Phantom 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

Shell Thickness: 2.0 mm £0.1 mm

Filling Volume: Approx. 25 liters SAM Phantom

DEVICE HOLDER

Construction In combination with the Twin SAM
PhantomV4.0/V4.0C or Twin SAM, the
Mounting Device (made from POM) enables the
rotation of the mounted transmitter in spherical
coordinates, whereby the rotation point is the ear
opening. The devices can be easily and accurately
positioned according to IEC, IEEE, CENELEC,
FCC or other specifications. The device holder
can be locked at different phantom locations (left
head, right head, flat phantom).

Device Holder

1.11 SAR System Verification

The microwave circuit arrangement for system verification is sketched in Fig. b. The daily system accuracy
verification occurs within the flat section of the SAM phantom. A SAR measurement was performed to see
if the measured SAR was within +/- 10% from the target SAR values. This test was done at 2450 M. The
test for EUT was conducted within 24 hours after each validation. The obtained result from the system
accuracy verification is displayed in the table 1 (SAR values are normalized to 1W forward power delivered
to the dipole). During the test, the ambient temperature of the laboratory was in the range (22 £ 2) ° C,
the relative humidity was in the range (55 = 5) % R.H. and the liquid depth above the ear reference
points was above 15 cm in all the cases. It is seen that the system is operating within its specification, as the
result is within acceptable tolerance of the reference value.
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Fig b. The microwave circuit arrangement used for SAR system verification

A. Agilent Model E4421B Signal Generator

B. EMPOWER Model 2001-BBS3Q7ECK Amplifier

C. Agilent Model E4419B Power Meter
D. Agilent Model 9300H Power Sensor
E. Agilent Model 777D/778D Dual directional coupling
F. Reference dipole Antenna

System Validation Results

F690501/RF-SAR002022-Al
2013-01-17

Fig c. Photo of the dipole Antenna

Measured -
— Input Target SAR 1 g . Liquid
Valldgtlon Tissue Power b EEEITED (Normalized to SARLg il Date Temp.
Kit SAR 1g (Normalized to (%) 9
(W) 1W) W) (°C)
D2450V2 2450 Mtz
S/N: 734 Body 0.1 5.22 50.20 W/kg 52.2 Wikg 3.98 2013-01-12 215

SGS Korea Co., Lid. (Gunpo Laboratory)

Table 1. Results system validation
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1.12 Tissue Simulant Fluid for the Frequency Band
The dielectric properties for this simulant fluid were measured by using the Agilent Model 85070D
Dielectric Probe (rates frequence band 200 Miz to 20 GHz) in conjunction with Agilent E5070B Network
Analyzer(300 kiz-3000 Mz ) by using a procedure detailed in Section V.

Tissue o Dielectric Parameters
f (Miz) Limits / Measured o . Simulated Tissue
type Permittivity Conductivity o
Temp(TC)
Measured, 2013-01-12 50.6 1.97 215
2450 Recommended Limits 52.7 1.95 21.0~23.0
Deviation(%) -3.98 1.03 -
2412 Measured, 2013-01-12 50.7 1.92 21.5
Body Deviation(%) -3.80 -1.54 -
2437 Measured, 2013-01-12 50.6 1.95 215
Deviation(%) -3.98 0.00 -
2462 Measured, 2013-01-12 50.6 1.99 215
Deviation(%) -3.98 2.05 -

Typical composition of ingredients for liquid liquid tissue phantoms

The following tissue formulations are provided for reference only as some of the parameters have not been
thoroughly verified. The composition of ingredients may be modified accordingly to achieve the desired
target tissue parameters required for routine SAR evaluation.

Ingredients Frequency (MHz)
(% by weight) 450 835 915 1900 2450
Tissue Type Head | Body | Head | Body | Head | Body | Head | Body | Head | Body
Water 38.56 | 51.16 | 41.45 | 52.4 | 41.05| 56.0 | 549 | 404 | 62.7 | 73.2
Salt (NaCl) 395 | 149 | 145 | 14 | 135 | 0.76 | 018 | 05 0.5 | 0.04
Sugar 56.32 | 46.78 | 56.0 | 45.0 | 56.5 | 41.76 | 0.0 | 58.0 | 0.0 0.0
HEC 098 | 052 | 1.0 1.0 1.0 | 1.21 | 0.0 1.0 0.0 0.0

Bactericide 019 | 0.05 | 0.1 0.1 01 | 027 | 0.0 0.1 0.0 0.0
Triton X-100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 36.8 | 0.0
DGBE 0.0 0.0 0.0 0.0 0.0 0.0 4492 | 0.0 0.0 | 26.7

Dielectric 435 | 56.7 | 415 | 552 | 42.0 | 56.8 | 40.0 | 53.3 | 39.2 | 52.7
Constant
CO”&‘;%"'W 087 | 094 | 090 | 097 | 1.0 | 1.07 | 1.40 | 1.52 | 1.80 | 1.95
Salt: 99"% Pure Sodium Chloride Sugar: 98"% Pure Sucrose
Water: De-ionized, 16 MQ" 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]ether
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1.13 Test Standards and Limits

According to FCC 47CFR §2.1093(d) The limits to be used for evaluation are based generally on criteria
published by the American National Standards Institute (ANSI) for localized specific absorption rate
(“SAR™) in Section 4.2 of “IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kiz to 300 GHz,” ANSI/IEEE C95.3-2003, Copyright 2003 by the
Institute of Electrical and Electronics Engineers, Inc., New York, New York 10017. 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, Section 17.4.5. Copyright NCRP, 1986, Bethesda, Maryland 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. The criteria to be used are specified in
paragraphs (d)(1) and (d)(2) of this section and shall apply for portable devices transmitting in the
frequency range from 100 kiz to 6 GHz. Portable devices that transmit at frequencies above 6 Gz are to be
evaluated in terms of the MPE limits specified in § 1.1310 of this chapter. Measurements and calculations to
demonstrate compliance with MPE field strength or power density limits for devices operating above 6 Gz
should be made at a minimum distance of 5 cm from the radiating source.

(1) Limits for Occupational/Controlled exposure: 0.4 W/kg as averaged over the whole-body and spatial
peak SAR not exceeding 8 W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in the
shape of a cube). Exceptions are the hands, wrists, feet and ankles where the spatial peak SAR shall not
exceed 20 W/kg, as averaged over an 10 grams of tissue (defined as a tissue volume in the shape of a cube).
Occupational/Controlled limits apply when persons are exposed as a consequence of their employment
provided these persons are fully aware of and exercise control over their exposure. Awareness of exposure
can be accomplished by use of warning labels or by specific training or education through appropriate
means, such as an RF safety program in a work environment.

(2) Limits for General Population/Uncontrolled exposure: 0.08 W/kg as averaged over the whole-body
and spatial peak SAR not exceeding 1.6 W/kg as averaged over any 1 gram of tissue (defined as a tissue
volume in the shape of a cube). Exceptions are the hands, wrists, feet and ankles where the spatial peak
SAR shall not exceed 4 W/kg, as averaged over any 10 grams of tissue (defined as a tissue volume in the
shape of a cube). General Population/Uncontrolled limits apply when the general public may be exposed, or
when persons that are exposed as a consequence of their employment may not be fully aware of the
potential for exposure or do not exercise control over their exposure. Warning labels placed on consumer
devices such as cellular telephones will not be sufficient reason to allow these devices to be evaluated
subject to limits for occupational/controlled exposure in paragraph (d)(1) of this section.(Table .4)
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H E Uncontrolled Environment Controlled Environment
uman EXposure General Population Occupational
Partial Peak SAR
Partial Average SAR
Partial Peak SAR
(Hands/Feet/Ankle/Wrist) 4.00 ni/g 20.00 ni/g
Table .2 RF exposure limits
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2. Instruments List
. Serial Due date of
Maunfacturer Device Type Number Calibration
Staubli Robot RX90BL FO3/5W05A1/A/01 N/A
Schmid& : : :
Partner Dosimetric E-Field ET3DV6 1782 April 27, 2013
Enginﬁerigg AG
Schmid&
Partner \Z/ialﬁgaﬁflichmS iSt%Tg D2450V2 746 January 24, 2014
Englnﬁerlgg AG P
Schmid& it
Partner Daéa}e%%?gr'lsigs'on DAE4 534 September 06, 2013
Engineering AG
Schmid&
Partner Software DASY 4 V4.7 - N/A
Engineering AG
Schmid&
Partner Phantom SAM\}D 4hgntom TP-1300 N/A
Engineering AG '
Agilent Network Analyzer E5070B MY42100282 January 03, 2013
Agilent D'e'eci'i‘t: Probe 85070D 2184 N/A
Agilent Power Meter E4419B GB43311125 July 01, 2013
. MY41495307 September 18, 2013
Agilent Power Sensor E9300H MY41495314 | September 18, 2013
Agilent Signal Generator E4421B MY43350132 March 29, 2013
Empower RF - 2001-
Systems Power Amplifier BBS3Q7ECK 1032 D/C 0336 March 31, 2013
Agilent Dual Directional 777D 50128 July 2, 2013
Coupler
Agilent Attenuator 8491B 50566 September 14. 2013
Spectrum
R&S Analyzer FSV30 100768 March 29, 2013
Microlab LP Filter LA-30N N/A September 14. 2013
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3.Summary of Results

3.1 FCC Power Measurement Procedures

Power measurements were performed using a base station simulator under digital average power.

The handset was placed into a simulated call using a base station simulator in shielded chamber. SAR measurements
were taken with a fully charged battery. In order to verify that the device was tested and maintained at full power, this
was configured with the base station simulator. The SAR measurement Software calculates a reference point at the
start and end of the test to check for power drifts. If conducted power deviations of more than 5 % occurred, the tests
were repeated.

3.2 Measured and Reported SAR

Per FCC KDB Publication 447498 D0O1v05, When SAR is not measured at the maximum power level allowed for
production units, the results must be scaled to the maximum tune-up tolerance limit according to the power applied to
the individual channels tested to determine compliance. For simultaneous transmission, the measured aggregate SAR
must be scaled according to the sum of the differences between the maximum tune-up tolerance and actual power used
to test each transmitter. When SAR is measured at or scaled to the maximum tune-up tolerance limit, the results are
referred to as reported SAR. Test highest reported SAR results are identified on the grant of equipment authorization
according to procedures in KDB 690783 D01v01r02.

3.3WLAN RF Conducted Average Power

802.11b Mode Rated Measured Average
Power
(Mbps)
Frequency (MHz) Channel No. (dB m)
1 14.81
2 14.79
2412 ! 5.5 14.80
11 14.71
1 14.73
2 14.34
2431 6 5.5 14.36
11 14.28
1 14.57
2 14.57
2462 1 5.5 14.55
11 14.51
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802.11g Mode Rated Measured Average
Power
Frequency (MHz) Channel No. (Mbps) (dB m)
6 10.72
9 10.68
12 10.64
18 10.65
2412 ! 24 10.45
36 10.12
48 10.34
54 10.22
6 10.78
9 10.72
12 10.68
18 10.69
2431 6 24 10.50
36 10.41
48 10.40
54 10.21
6 10.65
9 10.61
12 10.57
18 10.57
2462 1 24 10.40
36 10.30
48 10.35
54 10.30
802.11n_HT20 Mode Rated Meas”;gsv':‘r"erage
Frequency (MHz) Channel No. (915 (dB m)
MCS0 9.76
MCS1 9.62
MCS2 9.66
MCS3 9.59
2412 ! MCS4 9.57
MCS5 9.48
MCS6 9.47
MCS7 9.34
MCS0 9.78
MCS1 9.63
MCS2 6.67
MCS3 9.61
2431 6 MCS4 9.52
MCS5 9.50
MCS6 9.49
MCS7 9.33
MCS0 9.68
MCS1 9.52
MCS2 9.57
MCS3 9.49
2462 1 MCS4 9.41
MCS5 9.40
MCS6 9.38
MCS7 9.25
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3.3 SAR Test Configuration
IEEE 802.11 Transmitters

802.11 a/b/g and 4.9 iz operating modes are tested independently according to the service requirements in each
frequency band. 802.11 b/g modes are tested on channel 1, 6, and 11. 802.11a is tested for UNII operations on
channels 36 and 48 in the 5.15 ~ 5.25 (llz band, channels 52 and 64 in the 5.25 ~ 5.35 (llz band, channels 104, 116,
124 and 136 in the 5.470 ~ 5.725 (lz band, and channels 149 and 161 in the 5.8 (lIz band. When 5.8 Gz 815.247 is also
available, channels 149, 157 and 165 should be tested instead of the UNII channels. 802.11g mode was evaluated only
if the output power was 0.25 dB higher than the 802.11b mode.

od cits | Ctanm Tarho - ?seit'za:;t Test Channds”
ode z il
hannel 802.1%3 802.11g UNII
2412 1% o v
802.11 big 2437 6 f + v
2462 T + v
s 18 36 4
520 40 -
= r 42 (5.21 GHz) | =
5.24 48 4
T = 50 (5.25 GHz) | 3
528 56 -
=T 0 58 (5.29 GHz) =
532 64 ~
5500 | 100 -
u 5520 104 +
5540 | 1038 -
5560 | 112 -
802.11a 5580 | 116
5600 | 120 Unknowr -
5620 | 124 - i
5640 | 123 -
5660 | 132 -
5680 | 136
5700 | 140 = -
5745 149 4
I "=6s | 153 | 152 (576 GHz) - -
§15.247 | 5180 157 i -
5805 | 161 160 (5.50 GHz) - i
§15.247 | 5825 | 165 +

+ = “defalt test channels”

® = pozzible 20211 a chatinels with matimwn average outpng = the “defadt test chantels™

W = possible 202 11g channels with m avimum average output ¥4 dB = the “default test channel 8°

* = when outpat power 12 reduced for charmel 1 andfor 11 to meet restricted band recpurem ents the
highest outport charmels clogest to each of these chatmels should be tested

SGS Korea Co., Lid. (Gunpo Laboratory) # 18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+8231 428 5700 f+82 31 427 2370 www kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)



Report File No. :

F690501/RF-SAR002022-Al

Date of Issue : 2013-01-17
Page : 18/55
Ambient Temperature (°C) 234
Liquid Temperature (°C) 22.6
WLAN Body SAR Date 2013-01-12
Traffic Channel Tune- . 1g
Test EUT | Data Distance | Power Mss\s/cjerfd Up S%A%Q Scaling Sgigg SAR
Mode | Position | Rate | raquenc (mm) Drift(dB) Limit Factor Limits
AueNcy | cpannel [Bm] | (g | (Wka) 19 | wikg)
(M) J
Front 1 2412 1 5 -0.195 14.81 155 0.016 1.172 0.019
Back 1 2412 1 5 0.164 14.81 155 0.015 1.172 0.018
Right 1 2412 1 5 -0.007 14.81 155 0.002 1.172 0.002
WLAN 1.6
Left 1 2412 1 5 0.175 14.81 155 0.010 1.172 0.012
Top 1 2412 1 5 -0.061 14.81 155 0.076 1.172 0.089
Bottom 1 2412 1 5 -0.123 14.81 155 0.006 1.172 0.007
<Note>

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

2.
3.
4.
5.

Bulletin 65, Supplement C [June 2001] and FCC KDB Publication 447498 D01v05.

All modes of operation were investigated, and worst-case results are reported.

Battery is fully charged for all readings and the standard batteries are the only options.

The EUT is tested 2™ hot-spot peak, if it is less than 2 dB below the highest peak.

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 was < 1.2 W/kg, no additional SAR evaluations using a headset cable were required.

frequency band were greater than 0.8 W/kg. Repeated SAR measurements are highlighted in the tables above for clarity. Please

see section 12 for variability analysis.

channel for each test configuration is<0.8 W/kg then testing at the other channels is not required for such test configuration(s).

. Per FCC KDB Publication 648474 D04v01, SAR was evaluated without a headset connected to the device. Since the reported

. Per FCC KDB Publication 865664 D01v01, variability SAR tests were performed when the measured SAR results for a

. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB Publication 447498 D0O1v05.

. Per FCC KDB Publication 447498 D01v05, if the reported (scaled) SAR measured at the middle channel or highest output power

When the maximum outprt power variation across the required test channels is>*/, dB, instead of the middle channel, the highest

output power channel must be used

10. Justification for reduced test configuration for WIFI channels per KDB Publication 248227 and April 2010 FCC/TCB Meeting

Notes: Highest average RF output power channel for the lowest data rate were selected for SAR evaluation. Other IEEE 802.11

modes (including 802.11n and higher data rates) were not investigated since the average output powers were not greater than 0.25

dB than that of the corresponding channel in the lowest data rate IEEE 802.11a modes

12. WLAN transmission was verified using a spectrum analyzer.
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Appendix
List
Appendix A DASY4 Report - 2450 Mz
(Plots of the SAR Measurements) Validation Test
- Body Test
Appendix B Uncertainty Analysis
Appendix C Calibration Certificate - PROBE
- DAE4
- DIPOLE
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Appendix A
Test Plot - DASY4 Report
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2450 Mz Body Validation Test

Date: 2013-01-12

Test Laboratory: 3G8 Korea (Gunpo Laboratory)
File Name: Validation 2450 MHz_Body.dad

Input Power @ 100 mW
Ambient Temp : 22.2 C Tissue Temp : 215 C

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450%2 - SN:734
Frogram Name: Validation 2450 MHz_Body

Communication System: CW, Frequency: 2450 MHz, Duty Cyele: 1:1
Medium parameters used: = 2430 MHz; o = 1.97 mho'm; £ = 50.6; p = 1000 kg/m?
Phantom section; Flat Section

DASY 4 Configuration:

- Probe: ET3DV6 - SN1782, ConvF(4.11, 4.11, 4.11); Calibrated: 2012-04-27

- Bensor-Surface; dmm (Mechanical Surface Dataction)

- Eleetronies: DAE4 8n334; Calibrated: 2012-09-06

- Phantom: SAM MIC #2000-93 with CRP Right, Type: 8AM MIC #2000-93; Senal: TP-1300
= Measurement SW: DASYA, V4.7 Build #0; Postprocessing 8W: 8EMCAD, V1.8 Build 186

Validation 2450 l'ﬂ'[!_hd}'h\]‘ﬂ Scan (91x91x1): Measurement gric: dx=10mm, dy=1(mm
hwaimum value of SAR (mterpolated) = 6.27 mWig

WValidation 2450 MHz_Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm. dz="5%mm

Reference YWalue — 58.2 Vim: Power Drift —-01011 dB

Peak SAR (cxtrapolated) = 10.7 Wikg

SAR(I g) = 522 mW/g: SAR(10 g)= 2.48 mWig

Maximum value of AR (measured) = 594 mW /g

db
n.ooo

-4.10
-0.20
-12.3

-16.4

IdB = 554mW/g
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Z Scan
1g/10g Averaged SAR

BAR: Zoom Scan-Value Along Z, X=3, =3

6.0

5.5
5.0

4.5

4.0
35

E B
2.5

2.0

1.0

0.5

| 1 1 1 | | | | 1 1 1 | | 1 1 1 | 1 1 1 | | I—T

0.005 0.010 0015 0020 0.025 0030 0.035
m
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SAR Test Plot
Diate: 20130112

Test Laboratory: 3G Korea (Gunpo Laboratory)
File Name: Wi-Fi_Front_IMBps_CHI.dad

Ambient Temp : 22,2 °C Tissue Temp : 2153 C

DUT: STIS0F; Type: Digital Camera; Serial: STI1S0FDV2-010
Program Name: WLAN_ Body

Communication System: WLAN; Frequency: 2412 MHz:Duty Cyele: 1:1
Medium parameters used: £= 2412 MHz; o = 1.91 mho/m; & = 50.7; p = lllzli}lﬂ'lc;g\."rn3
Fhantom section; Flat Section

DARY S Configuration;

= Probe: ETADVE - BMITEE ConvFid. 11, 4.11, 4.11); Calibrated: 2012-04-27

- Bensor-Surface: dmm (Mechanical Surface Detection))

« Electronics: DAE4 Sn334; Calibrated: 20 12-09-06

« Phantom: SAM MIC #2000-93 with CRP_Right: Type: SAM MIC #2000-93; Serial: TP-1300
- Measurement 8%W: DASY 4, V4.7 Build 80:; Postprocessing SW: SEMCAD, V1.8 Buld 186

WLAN_ Front_Low gep Smm/Area Scan (131x181x1): Measurement grid: ds—10mm,
dy=1{mm

Alaximum value of SAR (inferpolated) = 3.0 19 mW/g

WLAN_ Front_Low gep Smm/Zoom Scan (7x7x7VCube 0: Measurement grid: dx—35mm,
dy=5mm, dz=5mm

Reference Walue = 2.20 Vim: Power Drift = -01193 dB

Peak SAR {extrapolated) — 0.033 Wikg

SAR(I g)= 0017 mW/g SAR(10 g) = 0.00803 mW/g

hlaximum valve of SAR (measured) = (L0220 mW/g

db
n.0oo

-10.0
<20.0
-30.0

-50.0

0dB = 0.020mW/g
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Date: 2013-01-12

Test Laboratory: SG8 Korea (Gunpo Laboratory)
File Name: Wi-Fi_Rear_IMBps CH).dad

Ambient Temp : 22,2 °C Tissue Temp: 21.5°C

DUT: STIS0F; Type: Digital Camera; Serial: STISOFDV2-010
Program Name: WLAN_Body

Communication System: WLAN, Frequency: 2412 MHz; Dty Cyvele; 101
Medium parameters used: f= 2412 MHz; o = 1.91 mho/m; &_= 50.7; p = 1000 Icg.l'm3
Fhantom section; Flat Section

IASY S Configuration;

= Probe: ET3DVE - SNITEE: ConvFid L1, .11, 4.11); Calibrated: 2012-04-27

- Bensor-Surface: dmm (Mechmmical Surface Detection)

« Electronics: DAES4 Sn334; Calibrated: 20 1208906

« Phantoan: SAM MIC #2000-93 with CRP_Right: Type: SAM MIC #2000.93; Serial: TP- 1300
- hensurement SW: DASYS, V4T Buld 80; Postprocessing 8W: SEMCAD, V1.8 Buld 186

WLAN_ Rear Low gep Smm/Area Scan (1521x181x1): Measurement grid: dx—10mm,
dy=10mm
Maximum valve of SAR (mterpolated) = 0.0 18 mWig

WLAN_ Rear Low gep Smm/Zoom Scan (7x7x7)Cube 0: Measuwenent grid: ds-5mm,
dy=5mm, dz=5mm

Reference Value = 0,773 Vim: Power Dnfi = 0,164 B

Peak SAR {extrapolated) = 0.037 Wikg

SAR(1 g)= 0015 mW/g: SAR(10 g) = 0.0066 mW /g

Maximum value of SAR (measured) = L0017 mW/g

di
0.ooo

-10.0

=20.0

-40.0

TdB =001 TmWg
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Date: 2013-01-12

Test Laboratory: SG8 Korea (Gunpo Laboratory)
File Name:; Wi-Fi_Right |MBps CHI.dad

Ambient Temp : 22,2 °C Tissue Temp: 21.5°C

DUT: STIS0F; Type: Digital Camera; Serial: STISOFDV2-010
Program Name: WLAN_Body

Communication System: WLAN, Frequency: 2412 MHz; Dty Cyvele; 101
Medium parameters used: f = 2412 MHz; o = 1.91 mho/m; &_= 50.7; p = 1000 Icg.l'm3
Fhantom section; Flat Section

IASY S Configuration;

= Probe: ET3DVE - SNITEE: ConvFid L1, .11, 4.11); Calibrated: 2012-04-27

- Bensor-Surface: dmm (Mechunical Surface Detection)

« Electronics: DAES4 Sn334; Calibrated: 20 120806

« Phantoan: SAM MIC #2000.93 with CRP_Right: Type: SAM MIC #2000.93; Serial: TP- 1300
- hensurement SW: DASYS, V4T Buld 80; Postprocessing 8W: SEMCAD, V1.8 Buld 186

WLAN_ Right Low gep Smm/Area Scan (101x151x1): Measwrement grid: ds—10mm,
dy=10mm
Maximum valee of SAR (mterpolated) = 0,004 mWig

WLAN_Right Low gep Smm/Zoom Scan (7x7x7VCube 0: Measurement grid: ds—3mm,
dy=5mm, dz=5mm

Reference Value = 0,791 Vim; Power Dt = -0.007 dB

Peak SAR (extrapolated) = 0.008 Wikg

SAR(T g)= 000179 mW/g SAR(10 g) = 0.000615 mW/g

Maximum value of SAR (measured) = (002 mW/'g

TdB = 0002mWg
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Date: 2013401-12
Test Laboratory: 3G8 Korea (Gunpo Laboratory)
File Name: Wi-Fi_Lefi_IMBps CHI.dad

Ambient Temp : 22,2 °C Tissue Temp : 2153 C

DUT: STIS0F; Type: Digital Camera; Serial: STI1S0FDV2-010
Program Name: WLAN_ Body

Communication System: WLAN; Frequency: 2412 MHz:Duty Cyele: 1:1
Medium parameters used: £= 2412 MHz; o = 1.91 mho/m; & = 50.7; p = lllzli}lﬂ'lc;g\."rn3
Fhantom section; Flat Section

DARY A Configuration;

= Probe: ET3DVE - BMITEE: ConvFid 11, 411, 4.11); Calibrated: 2012-04-27

- Bensor-Surface: dmam (Mechanical Surface Detection))

« Electronics: DAE4 Sn334; Calibrated: 20 12-09-0:6

« Phantom: SAM MIC #2000-93 with CRP_Right: Type: SAM MIC #2000-93; Serial: TP-1300
- Measurement 8%W: DASY 4, V4.7 Build 80:; Postprocessing SW: SEMCAD, V1.8 Buld 186

WLAN_ Left Low gep Smm/Area Scan {100x151x1): Measurement grid: dx—10mm.
dy=1{mm
Alaximum value of SAR (inferpolated) = 3011 mW/g

WLAN_ Left Low gep Smm/Zoom Scan (7x7x7)Cube 0: Measurement grid: ds—3mm.
dy=5mm, dz=5mm

Reference Walue = 2. 10 Vim: Power Drift = 0.175 4B

Peak SAR (extrapolated) = 0.018 Wikg

SAR(1 g)= 0.00963 mW/g: SAR(10 g) = 0.00424 mWig

hlaximum valve of SAR (measured)= 0011 mW/ig

db
n.0oo

-10.0
<20.0

0dB = 0.01 ImW/g
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Drate: 2013401-12

Test Laboratory: SG8 Korea (Gunpo Laboratory)
File Name: Wi-Fi_Top |MBps CH].dad

Ammbient Temp : 22,2 °C Tissue Temp : 2.5 °C

DUT: ST150F; Type: Digital Camera; Serdal: STIS0FDV2-010
Program Name: WLAN Body

Communication Syatem: WLAN; Frequency: 2412 MHz;Duty Cyele; 1:1
Medium parameters used: £ = 2412 MHz; o = 191 mho/m; & = 50.7; p = 1000 kg.l'm3
Phantom section; Flat Section

IDASY S Configuration:

« Probe: ETADVE « SN1T82: ConvFid 11 4,11, 4117 Calibeated: 201 2-04-27

- Bensor-Surface: 4mm (Mechameal Surface Detection)

« Electronics: DAE4 Sn334; Calibrated: 20 12-09-06

= Phantom: SAM MIC #2000-93 with CRP_Right, Tyvpe: SAM MIC #2006-93; Serial: TP-1300
- Measurement 3W: DASYY V47 Build 80; Postprocessing 3W: SEMCAD, V1.8 Buld 186

WLAN Top Low gep Smm/Area Scan (131x171x1): Measurement grid: dx=10mm,
dy=10mm

Maximum value of SAR (interpolated) = 0.086 mW/g

WLAN_ Top_Low gep Smm/Zoom Scan (7x7x7)Cube 0: Mensurement grid: de—Smum,
dy=3mm, dz=5%mm

Reference Valug — 3.98 Vim; Power Drift — -0.061 JdB

Peak SAR (extrapolated) = 0.215 Wike

SAR(T 2)= 0076 mW/ig SAR(LD g) = 0.030 mW/g

Maximum value of SAR (measured) = 0086 mW/g

db
n.noo

-10.0
=20.0
-30.0

-50.0

0dB = 0EemWg
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Z-Scan
1g/10g Averaged SAR
SAR: Zoom ScacValue Along Z, X=3, V=3
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Date: 2013-01-12

Test Laboratory: SG8 Korea (Gunpo Laboratory)
File Name: Wi-Fi_Bottom_IMBps_CH1.dad

Ambient Temp : 22,2 °C Tissue Temp: 21.5°C

DUT: STIS0F; Type: Digital Camera; Serial: STISOFDV2-010
Program Name: WLAN_Body

Communication System: WLAN, Frequency: 2412 MHz; Dty Cyvele; 101
Medium parameters used: f= 2412 MHz; o = 1.91 mho/m; &_= 50.7; p = 1000 Icg.l'm3
Fhantom section; Flat Section

IASY S Configuration;

= Probe: ET3DVE - SNITEE: ConvFid L1, .11, 4.11); Calibrated: 2012-04-27

- Bensor-Surface: dmm (Mechmmical Surface Detection)

« Electronics: DAES4 Sn334; Calibrated: 20 1208906

« Phantoan: SAM MIC #2000-93 with CRP_Right: Type: SAM MIC #2000.93; Serial: TP- 1300
- hensurement SW: DASYS, V4T Buld 80; Postprocessing 8W: SEMCAD, V1.8 Buld 186

WLAN_ Bottem_Low gep Smm/Arvea Scan (131x171x1): Memsurement grid: ds—mm,
dy=10mm
Maximum valve of SAR (mterpolated) = 0008 mWig

WLAN_ Bottem_Low gep Smm/Zoom Scan (Tx7x7)Cuabe (b Measurement grid: ds—3mm,
dy=5mm, dz=5mm

Reference Value = 1. 36 Vim, Power Difi = -0,123 dB

Peak SAR {extrapolated) = 0,012 Wikg

SAR(1 g)= 000606 mW/g: SAR(LD g) = 0.00274 mW/g

Maximum value of SAR (measured) = (1008 mW/g

dB = 000EmWg
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Appendix B

Uncertainty Analysis
Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram

a b C d e =|g i= K
f(d,k) cxg/e

Sectio | Tol Prob . Div. Ci 10 Vi

nin (%) Dist. (19) ui (%) | (Veff)
Uncertainty Component P1528
Probe calibration E.2.1 6 N 1 1 6 o
Axial isotropy E.2.2 0.5 R 1.73 0.71 0.21 ©
hemispherical isotropy E.2.2 9.6 R 1.73 0.71 3.94 o
Boundary effect E.2.3 0.8 R 1.73 1 0.46 ©
Linearity E.2.4 1.3 R 1.73 1 0.75 ©
System detection limit E.2.5 0.25 R 1.73 1 0.14 o
Readout electronics E.2.6 0.3 N 1 1 0.30 ©
Response time E.2.7 0 R 1.73 1 0.00 o
Integration time E.2.8 2.6 R 1.73 1 1.50 ©
RF ambient Condition —Noise E.6.1 3 R 1.73 1 1.73 o
RF ambient Condition - reflections E.6.1 3 R 1.73 1 1.73 o
Probe positioning— mechanical tolerance E.6.2 1.5 R 1.73 1 0.87 ©
Probe positioning— with respect to phantom E.6.3 2.9 R 1.73 1 1.68 o
Max. SAR evaluation E.5.2 1 R 1.73 1 0.58 ©
Test sample positioning E.4.2 5.84 N 1 1 5.84 9
Device holder uncertainty E.41 3.6 N 1 1 3.60 ©
Output power variation—-SAR drift measurement 6.62 5 R 1.73 1 2.89 ©
Phantom uncertainty (shape and thickness tolerances) E.3.1 4 R 1.73 1 2.31 o
Liguid conductivity — deviation from target values E.3.2 5 R 1.73 0.64 1.85 ©
Liquid conductivity — measurement uncertainty E.3.2 0.7 N 1 0.64 0.45 5
Liquid permittivity — deviation from target values E.3.3 5 R 1.73 0.6 1.73 ©
Liquid permittivity — measurement uncertainty E.3.3 0.56 N 1 0.6 0.34 5
Combined standard uncertainty RSS 11.49 o
(65% CONFIDENGE INTERVAL e 22.98
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Appendix C
Calibration Certificate
- PROBE
- DAE4
- 2450 ME Dipole
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- PROBE Calibration Certificate

Scirwsizarischar KalbrisnSensd
Service sulsse datalonnage
Barvizho svizzero di taaturs

Calibration Laboratory of Sy X
Schmid & Partner S
Enginaaring AG

Zaughaussirasse &3, BI04 Zurich, Ewitzeriand m Bwiiss Calibralion Service
Accradited by ihe Swiss Accrediiaiion Service [SA5) Accreditation Mo SCS 108

The Swiss Accreditation Sorvice s one of the signatarkes o tha EA

Mt A far the moognition of calibration certificates

Cliani 5G5S (Dymstec) Cortificate Ho: ET3-1782_Apri2
CALIBRATION CERTIFICATE

Object ET3DVE - SM.1TE2

Galbration procedursis) A CAL-01.vE, G CAL-1247, QA CAL-23 w4, Qb CAL-26.v4

Calbration procedurs for dosimetric E-fizld probes

Calbration dale: April 27, 2012

This calibralion cerlicals dooarans ha ity 1 naticnal darndy, which malkze B physical onis of messurements 151
The measwrements and the unceriainiies with confidenca proabd bty ane ghven an @ follosing pages and ane pan of the canfeate.

Al calbrations hawve boen conducsed in the cosed ebonatony facl ity emdronmant iemperaiune (22 £ 37°C and humiadity < 705,

‘Calibration Equipmant used (MATE rigcal Tor calbration)

Primary Standards o ‘Cal Date (Certficate Mo Scheduled Calkeion

Prewer melor E44185 GBI 2AEET4 25 Mar-12 (o 217-01508) Agraa

Power sensor E44128 LY 41480007 29 Mar-12 (Mo 21701 508) Agr-13

Rifarenos 3 0Bl Aflenusor Sri: 58084 {3c) Z¥-Mar-12 (Mo Z17-01831) Agr13

Reference 20 o Afienusior | SN SHODG {206 27-Mar-12 (Mo 217-0182%) Apr13

Rotoronos 30 B Atlenusbor SN 55123 {a0b) ZTMar-12 (Mo, 2701533 Ape-13

[Roferenos Probs ESI0W2 Sh: 3013 F8<Dpc-11 (Mo. EE3-3013_Decii] Deo-12

DAES SH: BED 10=Jan-12 (o, DAE4-BE0_Jan1Z) Jan-13

Sccaondary Slandards =] Check Diofo (in houss) Echaduied Chack

RF ganarminr HP BE4BG 53642001 700 4-Pusg-39 (in house check Agr-11) In house chedc Apr-13

Medwicr, Anglyzar HF BT5IE | 837300585 18Dt fin boun chack Oct-11) I Pt el Cocl-12
Flari Funsdion Signalure

— - e ¢ T
e

Isuad: April 2T, 2012

Approrad by Kalja Pokavic Techinial Marager

This calibeation cenflicas: shall nol be raproduced except in Sl withoul willan apoeoval of tha Bboraleny,

Certificate Mo: ET3-1782_Apri2 Page 1af 11
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Calibration Laboratory of ey, ischer Kalitr
Schmid & Partner % Survice suisss od'éalonnags
Engineering AG T B Sarviels sviEsare di larulura
z-mngumm Ea. B0 Zurich, Switzsrland ‘Sﬁ'ﬁf S swies Callbration Sarvice
MLl
Acoredied by the Swise Aoereditabion Service (SAS) Ancreditation Mo SCS 108

Thes Bwiss Accraditalion Barvice is ome of e signalcsias Lo tha EA
Multilateral Agreement for the recognition of calibration contfficates

Glossary:

TEL tiseua slmulabing ligusd

MORMzY. 2 senailivity In free space

CarF sensilivity in TSLJ/ NORME,y,2

DCP diode compression goint

CF crast factor {1iduby_cyela) of the: RF signal

ABC madulation gependent linearization paramaters

Polarization ¢ ip rodalion around probe axis

Palarizalion & 5 rolalion arcund an axis thal is in the plane nomal 1o probe asis (31 measuremeant cenlar),

le, & = i3 normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2003, “"IEEE Recommended Praciics for Determining the Peak Spatial-Avaraged Spocific
Absorption Rate (SAR) in the Human Head from Wirsless Communications Devices: Measurament
Tachniques™, Decambar 200

by IEC 62208-1, “Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in closa
proximily to the ear (frequency renge of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  MNORMz, .2 Assessed for E-field polarization & = 0 {f < BOD MHz in TEM-cell; f > 1800 MHz: R2Z waveguide).
MORM:,y,2 @re only intermedigle values, ie., the unceainies of NORMs, v,z does ol affect the E2feld
uncertainty irside TEL (see below ComF).

»  WORMTI .z = NORME .z * frequancy_response (sea Fregquency Responsa Chart). This linearization is
Implemented in DASY4 software versions lster than 4.2, The uncerainty of the frequancy response & included
in the atated uncerainty of Comd™.

& OGPy .z DCP are numerical Bnearizafion parametens assessed based on the data of power sweep with CW
signal (no uneerainty mequired), DCP doas not depend on frequency nor media,

= PAR: PAR = the Peak to Average Ratio that is not calibrated but detarminad based on the signal
characteriatice

#  Axyr Bupz Cxyr VR yz A B Care numerical linearization parameters assessed based on the data of
power swinp for specific modulation signal, The parameders do nof depend on frequency nor media. VR is the
mezimumn calibration range exprassed in RMS voltagae across tha diode

+«  ConvF and Boundary Effect Perameters: Assessed in flat phantom using E-feld {or Termperatune Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distribulions based on power
reasurements or § > D0 MHE The same selups are used lor assessment of e pararmelerns applied for
boundary campensation {alpha, depth) of which typical tncetainly values ang ghvien, Thiese paramebers ane
used in DASY4 softwara to mprove probe accuracy clese fo the boundary. The sensilivity in TSL comasponds
to NORMY, .z * ComeF wherely the uncerainty corresponds fo that given for Comd. & frequency dependent
CovvF 13 usad in DASY version 4.4 and higher which aliows extending tha validity from £ 50 MHz to + 100
MHZ

+ Sphancal isoiropy (30 dewation from sofopyl: in a field of low gradients realized wsing a flat phaniom
exposed by a patch antenna.

o Songor Qfel The sensor alfsel cormesponds 1o the offsel of vidual measurement cénbes from e probe tip
{on probe axis). Mo tolerance reguired.

Certificate Mo ET3-1782_Apri2 Papa 2 of 11
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ET30VE - SN:ATaE Agril 27, 2012

Probe ET3DV6

SN:1782

Manufactured:  April 15, 2003
Calibrated: April 27, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compalible wilh DASY 2 syslem!)

Certificaie Mo; ET3-1762_Apri2 Page 3 of 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Une [k=2}
[ Norm (uvifvim]y* 2.01 1.66 1.88 £10.1 %
QTP {mh] 86,2 96,7 8967
Modulation Calibration Parameters
uin Communication System Name PAR A 8 C VR unes |
dE dB dB my (=2}
a CW 000 | x 0.00 1,00 1.00 1548 | 219%
¥ .00 Q.00 1.00 1854
z .00 0.00 1.00 151.1

The reported uncertainty of measurement is stated as the standard unceartainty of measurement
multipliad by the covear factor k=2, which for a8 normal distribution corresponds to a covarage
probability of approximately 95%.

* Thee uncerlainies of Norm, ¥ 2 do nol atlect the E*-Seld wrcartainty insida TEL (6% Pages 5 and 6}
® Mumerical knoarization paramotor: unoariainty rod redusnad.

! Unceriainty is deierminad using tha mas. deviation from Bnaar reapades. applang rcianguis distiudon and i mpressed for the squane of the
Tiedd wadun,

Cartficale Mo: ET3-1782_Apr2

Page 4 af 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
FMHz)® | Permittivity ™ {Sim] " ConvF X | ConvFY | ComvFZ | Alpha | {mm) | ([&=2] |
450 43.5 0.7 AT 717 FAT 0.23 235 £154 %
435 41.5 0.50 640 fi.40 G40 0.3z 300 + 120 %
1750 40.1 197 | 530 | 539 | s39 | om0 | 186 | +120%
1000 40.0 1.40 512 5.12 5.12 0.B0 198 | +120%
2450 .2 1.80 448 448 448 060 1.97 2920 % |

F Prequency validity of 2 100 MHz only applies for DASY w44 and higher {sss Fage 2], else i is resricied 1o & 50 Mz, The uncerainty s S RE5
of the Com uncerainly at calitration freguency and the uncerainty for e indcated freguency band.

" A benduercies Balkve 3 GHE, P valisily of e parsmatinm (s and ) can be mlad b+ 10% ¥ loud corpensation femula is sppled 1o
maasred 5AR values. Al frequancios above 3 GHz2, the validity of lEsea | bars (x and o) B resinched b & 5%, The unossanly & 1ha RES of
iha Com uncatainty for indicalod targel lssue paramabans.

Carlificala Ma: ET3-17BZ_Apri2 Page 5of 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Detarmined in Body Tissue Simulating Media

f (MHz) ° Pi:llm:ﬁy' -:-unumgm ComFX | ConvF¥ | ComFZ | Alpha m I{Il:"-gi
450 56.7 084 1.87 T i.57 0.16 2208 +134 %
835 55.2 0.87 6.22 B.22 6.22 0.24 200 +12.0 %
ATED 63.4 1.48 4.7 4,78 4.7 0.76 24 +12.0 %
180 3.3 1.52 4540 4.58 450 0.75 218 +12.0%
P45 B2.7 1.05 411 411 411 0.76 225 | +120%

= Frequancy validly of £ 100 MHz only appies for DASY w4 and higher {see Page 2], elss il s reeircisd 1o £ 50 Mz, The uncerainty is the R55
dlhuhnﬁmﬁ\ﬁnlﬂlhmﬁﬁmmﬂIhmﬁnﬁfmhhﬂuﬂudfmqmm

¥ A tragquenciis balow 3 GHz, tha yakdly of S55U8 HAGMAIATS [x A0 o) CAN b8 KR 10 ¢ 10% I lguid Comy fion imuks s applad b
measured EAR values. Al frequencies above 3 GHz, mnlummlmmummummgm mumuq-hm REE of
1he ConvF uncertainty for indicated famel tissue parameters.

Cerilicate Mo: ET3-1782_Apri 2 Page Gal 11
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
16 :
1,4-§. L :
o 13 ;
B - i
-g L3 . B :
E g i | S
g E i
(=R [N - SRS I - e 24
5 09~ ......
% ras ------
= uT_E_ .......... l
':'B':- ..................... S — | —
D.:: 1 1 1_I 11 1 1 i | | 11 : 11 1_1 i 1 1 I 1 1 1 1 i 1
0 500 1000 1600 2000 2600 2000
f [MHz)
Ten =
Uncaertainty of Frequancy Responsa of E-field: £ 6.3% (k=2)
Carficale No: ET3-1T8Z_Apri2 Fage 7 of 11
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ETADVE- SH:1T82 Agpril 27, 2012

Receiving Pattern (¢), 8 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncartainty of Axial Isotropy Assassment: £ 0.5% [k=2)

Caarlificaba Moc ET3-1782_Apriz Paga 8of 11
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ET30VE— SN:1T82 April 37, 2012

Dynamic Range f(SARpead)
(TEM cell , f = 900 MHz)

Ty

1 i | G B R i g

ETo 20 O 8 A O 151 b i miiabi Ll B
it A 107 10 i i
SAR [mWWiemd]

"
SAR [mWem3]

Uncertainty of Linearity Assessment: & 0L6% (k=2)

Cerificale Mo; ET3-1782_Apri2 Faga S of 11
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Conversion Factor Assessment

1= B35 MHz, WGLE R3 (H_come) 1= 1800 MHz WELS R22 [H_cam)
51 -
amg »
FLE "_
= 1
. &
e x ] K
o |
I .
ib
B e . | F
_—— ST | — _-' Bl Lii3 80 i L
L ] o pol &0 L L] ] 3 L 12 fal = | ¥ L ]
¥ g E ]
[ 3 L &l ¥
e el iyl rencrd
Deviation from Isotropy in Liquid
Error (§, 3), f =900 MHz
1.0
os [}
il
c 04
2 0z
E 0.0
0.2
0.4
-0
-0.8
-1.0
a
&0
L
10 -08 06 -4 02 0D 02 D04 06 OA 1.0
Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
Corlificate Mo: ET3-1732_aApri2 Page 10l 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Other Probe Parameaters

Sensor drrangement o - T Trangular |
Connector Angle (%) 431
Mechanical Surface Deleclion Mode enabled
Optical Surface Delaction Modes s abibed
Frobe Owerall Length 337 mm
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diarneter .8 mm
Probe Tip o Sensor X Calibration Point 2.7 mm
Probe Tip to Sensor ¥ Calibration Paint 2.7 mm
Probe Tip to Sensoer £ Calibration Pont 2.7 mm
Recommended Measurement Dslance rom Surfaces 4 mm
Cartificata Moc ET3-1782_Apri2 Paga 11 of 11
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- DAE Calibration certification

Calibration Laboratory of

Schmid & Partner

Schweizerischer Kalibrierdienst

Service sutsse d'étalonnage
Enginearing AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Acoredited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SC5 108

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

client LG (Dymstec)

Certificate No: DAE4-534 Sep12

|CALIBR&'_I'IDH CERTIFICATE

. | Object

Calibrasian procedurels)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measuremants (51}
The measurements and the uncanainties with confidence probability are given on the lollowing pages and are pan of the cenificate.

A calirations have been conducted in the closed labaratory Facilty: environment bempesature (22 & 3)°C and humidity < 70%,

DAE4 - SD 000 D04 BJ - SM: 534

QA CAL-06.v25
Calibration procedure for the data acquisition electronics (DAE)

September 06, 2012

Calbration Equipmant used [MATE critical for calioration) |

Frimary Standards ID# Cal Date (Cenificata Mo.) Scheguled Calibration ]
Keithlay Multimatar Typa 2001 SM: DB102TE 28-Sep-11 (Moo11450) Sap-12
|
Secondary Standards D # Chack Date (in housa) Schaduled Check
{ Caliorator Box V2.1 SE UWS 053 AA 1001 05-Jan-12 (in house check) In house check; Jan-13
Nami Fundction Sigriaiung
Calibrated by: Dominigua Staffan Tochnician WL
Appraved by: Fin Bomholt RA&D Directar i )
o Eﬂﬁ Ul
Issued: Seplember 8, 2012

This calibration cenificate shall not be reproduced excapt in full without written approval of the labomabary,

Certificate No: DAE4-534_Sep12

SGS Korea Co., Lid. (Gunpo Laboratory)

Page 1of 5

# 18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 31 428 5700 {+82 31 427 2370 www.kr.sgs.com/ee
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Calibration Laboratory of Schweizerischer Kalibrierdienst
Schmid & Partner Service suisse d'élalonnage

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Sarvizio svizzero di taratura
Swiss Calibration Sarvice

Accredited by the Swiss Accreditation Servica [SAS) Accreditation Ho.: SCS 108
The Swiss Accreditaticn Service is ane of the signatories to the EA,
Multilateral Agresment for the recognition of calibration certificates

Glossary
DAE data acquisition electronics
Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
* DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

+ Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

+ The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

« DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

« Common mode sensifivity: Influence of a positive or negative common mode voltage on
the differantial measurement.

» Channe! separation: Influence of a voltage on the neighbor channels not subject to an
input valtage.

o AD Converler Values with inputs shorted: Values on the intermal AD converter
corresponding to zero input voltage

+ Input Offset Measurement: Output voltage and statistical results over a large number of
zZern voltage measurements.

# Input Offse! Current; Typical value for information; Maximum channel input offset
current, not considering the input resistance.

s [nput resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zercing and during measurement.

» Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated,

» Power consumption: Typical value for information. Supply currents in various operating

modes.
Cadificate No: DAE4-534 Sep1? Paga 2 of 5
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DC Voltage Measurement
A/D - Converter Resolulion nominal
High Range: 1LSE = G.uv, full range = =100.. +300 mY
Lo Rarsge: 1Lse = 61nV , fullrange= -1....... +3mh\
DASY measurement paramelers: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ¥ Z
High Range 404,398 + 0.1% (k=2) | 403.551 = 0.1% (k=2) | 403.432 = 01% (k=2)
Low Range 07473 0.7% (k=2) | 3.95424 2 0.7% (k=2) | 4.00654 £ 0.7% (k=2)
Connector Angle

F690501/RF-SAR002022-Al

|_¢unn|¢tnr Angle to ba usad in DASY sysiem

Certificate No: DAE4-534_Sepl?

SGS Korea Co., Lid. (Gunpo Laboratory)

Page 3of 5

# 18—34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+8231 428 5700 {+82 31 427 2370 www.kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)



Report File No. :  F690501/RF-SAR002022-A1

Date of Issue : 2013-01-17
Page : 46 /55
Appendix
1. DC Voltage Linearity
High Range Reading (pV) Difference (V) Errar (%)
Channal X + Input 190993.89 -2.83 -0.00
Channel X + |mpurt 2000082 115 0.0
Channel X - Input -19998.97 2.7T4 -0.01
Channel ¥ + Input 109993,.02 2,93 0,00
Channel ¥ + Impurt 1909859 -1.08 0.0
Channel ¥ = Input -20000.75 1.03 0,01
Channel Z + Inpuit 199995.20 -1.50 -0.00
Channel Z + Inpurt 19997 49 210 0.01
Channel Z = Input -20001 .54 on -0.00
Lew Range Reading (pV) Difference (uV) Error (%)
Channel X + Inpurt 19840 74 047 =001
Channel X + [npuit 200.36 0,01 0.0
Channel X = Input -199.38 018 -0.08
Channel ¥ + Input 1050.70 016 001
Channel ¥ + Input 195,88 -0, 40 -0.20
Channel ¥ = Input -1598.47 013 -0.06
Channel Z + Input 1999.85 0,01 -0.00
Channel Z + [mprt 199,35 .94 0,47
Channel Z = Input -200.76 -1.16 0.58
2. Common mode sensitivity
DASY measuwrement parameters: Auto Zero Time: 3 sec; Measuring fime: 3 sec
Common mode High Range Low Range
Input Vaoltage (mV) Average Reading (V) Average Reading {uV)
Channel X 200 -12.43 ~13.96
= 200 15.33 1320
Channel ¥ 200 4.53 4.13
= 200 4. B2 -5.32
Channel Z 200 -1.28 -1.17
- 200 .63 -0.78
3. Channeal separation
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring ime: 3 sec
Input Valtage (mV) | Channel X (pV) | Channel ¥ (uV) Channel Z {uV)
Channel X 200 - 2.06 -4.50
Channel ¥ 200 8.06 - 1.51
Channel Z 200 922 B.26 -
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4. AD-Converter Values with inputs shorted
DASY measurement paramelers: Aulo Zero Tima: 3 sec, Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16116 15808
Channel Y 15813 15845
Channel Z 15935 16059

5. Input Offset Measuremant
DASY measurement parametars: Auto Zero Time: 3 sec; Measuring time: 3 sec

Ingist 10M0
Average (u¥) | min. Offset (V) | max. Offset(WV) | ?:;r"“"

Channel X 0.82 0.08 1.90 0.30
Channel ¥ -().84 -2.48 018 0.32
Channel £ -1.50 -2.53 .72 033

6. Input Offset Current
MNominal Input circuitry offset current on all channels: <2644

7. Input Resistance (Typical values for information)

Zeraing (kOhm) Meaasuring {(MOhm)

Channel X 200 200
Channel ¥ 200 200
Channel Z Hi 200

8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (WDC)
Supply (+ Vec) +7.0
Supply (- Vee) 7.6

9. Power Consumption (Typical valuees for information)
Typical values Switched off {mA) | Stand by (ma} Transmitting (m#)
Supply (+ Vec) +0.01 +& +14
Supply (- Viec) =0.04 & g
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Calibration Laboratory of Sehwaizarischar Kallbrisedionat
Schmid & Partner Sarvice sulase d'stalannags
Engineering AG Sevvizi evizzero di taratura

Zeughasiasirasss 43, 5004 Zurich, Switzarland Ewizs Calibration Service

Accredived by the Swiss Accreditalion Sendce (SAS] hceraditsiion Mo.: SCS 108
The Swiss Accreditation Servics I8 ans of the sigrsalorias to the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL /f NORM x,y.2
Ry not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurament Techniques”, December 2003

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

c) Federal Communications Commission Office of Enginsering & Technology (FCC QET),
“Evaluating Compliance with FOC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds, Additional Information for Evaluating Compliance of Maobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASYAS5 System Handbook

Methods Applied and Interpratation of Parameters:

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

o Antenna Parameters with T5L: The dipole is mounted with the spacer to position its fead
paint exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Retum Loss: These parameters are measurad with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensuras low
reflected power. No uncerainty required.

« Electrical Delay: One-way delay betweean the SMA connector and the antenna feed paint,
Mo uncerainty required.

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

+« SAR for nominal TSL parameters: The measured TSL parameters are usad to calculate the
nominal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurament
multiplied by the coverage factor k=2, which for a normal distribution comresponds to a coverage

probability of approximately 95%.
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Measurement Conditions
DASY systenm configuralion, as far &5 nel given on page 1.
DASY Version DASYE WEZAA
Extrapalation Advenced Extrapolation
Phantam Modular Flat Phartom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraguency 2450 MHz £ 1 MHz
Head TSL parameters
Thig followng parametars and calculations ware applied.
Temperature Permittihvity Condustivity
Morminal Head TSL parameters 22.0°C 3902 1.80 mba'm
Measured Head TSL paramaters (220 =0.2)"C 403 6% 1.85 mho'm £ B %
Head TSL lemperature change during test < 05°C e e
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Congition
SAR measured 250 mW Input power 133 mW g
SARA for nominal Hesd TSL parameders moerralized to 1W 2.8 mW g+ 17.0 %% (k=2)
SAR averagad ovar 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power BASmW /g
SAR for nominal Head TSL parameters normalized 1o 1W 247 mW /g = 16.5 % (k=2)
Body TSL parameters
The following paremetars and calculations wera applied.
Temperature Parmittivity Candustivity
HNominal Body TSL paramelers 22.0°C 2.7 1.95 mha'm
Meassurad Body TSL parameters 220£02)"C 523+6% 199 mho'm £ 6 %
Body TSL temperature change during lest < (550
SAR result with Body TSL
SAR averagad over 1 cm® (1 g) of Bady TSL Condition
S4R measured 250 mW input powar 127 mW /g
SAR for nominal Body TSL peremetarns nionmalized b 1W 502 W ' g =170 % (k=2)
SR averaged over 10 am® (10 g) of Bady TSL condition
S48 messured 250 mW input poser BIsmW g
SAR for nominal Body TSL parametars nommalized o 1W 236 mW ! g = 16.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL
Impadance, iransfomsed 1o lead paint 5330+ 368K
Retumn Loss - 264 dB
Antenna Parameters with Bedy TSL
Impadancs, transformed to feed point 4880+ 51j0
Retum Loss - 25.8 d8
General Antenna Parameters and Design
| Electrical Delay jone direction) | 1.153 ns

After kong tesmn use with 1008 radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The: dipole is made of standard semingid coaxal cable. The center conducter of the feeding line is directly connected o the
secand arm of the d@pole. The anenna is therelore shor-cirguiled lor DC-signals. On some of the dipoles, small end caps
are added to the dipale arms in erder to improve matahing whan leaded according o 1he posilion 85 axplaingd in he
“Measuremant Conditions® paragraph, The SAR data ane not affected by this change. The averall dipale length is sl
according to the Standard.

Mo excessive force must be applied to the dipola amms, because thay might bend or the soldered connactions near the

fesdpaint may be damagad.

Additional EUT Data

Manutactuned by SPEAG
Manufacturad on May OF, 2003
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DASYS Validation Report for Head TSL

Date: 17.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: = 2450 MHz; o = 1.5 mhofm; g, =40.3; p= 1000 kg.r'mJ1
Phantom section: Flat Section

Measurement Standard: DASYS (IEEENEC/ANST CA3.19-2007)

DASYSE Configuration:
«  Probe: ES3DV3I - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011;
= Sensor-Surface; 3Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.07.2011
= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASYSZ 52.8.1(838): SEMCAD X 14.6.5(64659)

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

Reference Value = 97190 Vim; Power Drift = (.08 dB

Peak SAR (extrapolated) = 27316 mWig

SAR(] g) = 13.3 mWig; SAR(I0 g) = 6.19 mW/g

Maximum value of SAR (measured) = 16.%9 mW/g

.|“."

458

ERL

4375

-10.14

z2ar 41

0 dB = 16.9 mW/g = 24.56 dB mW/g
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 15052012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 734

Communication System: CW; Frequency: 2450 MHz

Medium parameters used; = 2430 MHz; a = 1.99 mho/m; g = 32.3; p = 1000 kg-'l:n"
Phantom section: Flat Section

Measuremnent Standard: DASYS (IEEETEC/ANST Co3, | 9-2007)

DASYS52 Configuration:
+ Probe: ES3DWV3 - SN3205; ConvF{4.26, 4,26, 4.26); Calibrated: 30.12.2011;
s Sensor-Surface: 3mm (Mechanical Surface Detection)
+  Electronics: DAE4 Sn601; Calibrated: 04.07.2011
+ Phamom: Flat Phantom 5.0 (back); Type: QDOO0PS0AA; Serial: 1002
+ DASYS2 528.1(838); SEMCALD X 14.6.3(6469)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm,/Zoom Scan (7Tx7x7Cube (0
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 95201 Vim; Power Drift = 0,02 dB

Peak SAR (extrapolated) = 25.791 mW/g

SAR(1 g) = 12.7 mW/g; SAR(10 g) = 5.95 mWrg

Maximum value of SAR (measured) = 16.8 mW/g

v
-1.81
a6
148
1328
2408 |
0dB = 16,8 mW/g = 24.51 dB mW/g
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Impedance Measurement Plot for Body TSL
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