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1. DUT INFORMATION

Report No. W158R-D006

DUT Description

Mobile Payment Terminal

Model Name

MT280

Serial Number

Identical Prototype

Mode of Operation

GSM 850, GSM 1900, WLAN, Bluetooth

TX Frequency Range

824.2 MHz ~ 848.8 MHz (GSM 850)

1 850.2 MHz ~ 1 909.8 MHz (GSM 1900)

2 412 MHz ~ 2 462 MHz (802.11 b/g/n_HT20)
2 402 MHz ~ 2 480 MHz (Bluetooth)

Maximum Average

GSM 850 : 33.01 dBm (ch 251)
GSM 1900 : 29.85 dBm (ch 661)

Conducted

802.11b : 14.24 dBm (ch 11)
Power

Bluetooth : 7.03 dBm (ch 78)

GSM 850 : 1.657 W/kg
Summery of peak SAR

GSM 1900 : 1.574 W/kg
(10g)

802.11b : 0.510 W/kg

Antenna Type & Gain

WWAN Antenna Type : PiFA
WLAN Antenna Type : PCB Antenna
824 MHz : -4.19 dBi / 849 MHz : -3.10 dBi

1850 MHz : 2.57 dBi/ 1 880 MHz : 2.64 dBi /1 910 MHz : 1.73 dBi
2410 MHz : -1.90 dBi/ 2 440 MHz : -1.04 dBi/ 2 460 MHz : -1.13 dBi

Antenna Operation

1 Antenna Transmit

USED AC/DC ADAPTER

DC7.4V
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2. INTRODUCTION

The FCC and Industry Canada have adopted the guidelines for evaluating the environmental effects of radio
frequency (RF) radiation in ET Docket 93-62 on Aug. 6, 1996 and Health Canada Safety Code 6 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 and Health Canada RF Exposure Guidelines Safety Code 6. The
measurement procedure described in IEEE/ANSI C95.3-2002 Recommended Practice for the Measurement
of Potentially Hazardous Electromagnetic Fields - RF and Microwave is used for guidance in measuring the
Specific Absorption Rate (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 International Committee for Non-
lonizing Radiation Protection (ICNIRP) in Biological Effects and

Exposure Criteria for Radiofrequency Electromagnetic Fields,” Report No. Vol 74. 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.

2.1 SAR Definition
Specific Absorption Rate 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 (p).

Fa
¥

SAR =

d [ dIfF‘"‘l_ d|( dw
dt\ dm ) dt\ pdV

SAR is expressed in units of watts per kilogram (W/kg). SAR can be related to the electric field at a point by

o|EJ
e,

SAR =

where:
0 = conductivity of the tissue (S/m)
p = mass density of the tissue (kg/m°)
E = rms electric field strength (V/m)
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3. SAR MEASUREMENT SETUP

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

An isotropic Field probe optimized and calibrated for the targeted measurement.

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.

The Electro-optical converter (EOC) performs the conversion from optical to electrical signals for the digital
communication to the DAE. To use optical surface detection, a special version of the EOC is required. The
EOC signal is transmitted 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.

The Light Beam used is for probe alignment. This improves the (absolute) accuracy of the probe positioning.
A computer running WinXP or Win7 and the DASY5 software.

Remote control and teach pendant as well as additional circuitry for robot safety such as warning lamps, etc.

The phantom, the device holder and other accessories according to the targeted measurement.
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3.1 Dasy 5 system

Components 1 TX90XL Staubli Robot and Controller CS8c incl. Cabinet
. . 1 EOCx Electro Optical Converter (mounted on robot arm)
Wl balan 1 Robot Stand for TXQ0XL

1 Robot Arm Extension and Adaptors

1 Robot Remote Control

1 LB5 Light Beam Switch for Probe Tooling (incl. LB Adaptor)

1 Light Beam Mounting Plate

1 DASYS Measurement Server

1 PC Intel Core 2 Dual / 3.16 GHz (or higher) incl. Color-Monitor 23"
-4 GB RAM, 220 GB HD (or larger) / Win7

1 SAM Twin Phantom V5.0 incl. Support DASYS

1 MD4HHTVS Mounting Device for Hand-Held Transmitters

1 DAEX Data Acquisition Electronics

1 ES3DVX SAR Probe (incl. ConvF for HSL at 900 and 1750 MHz)

3.2 E-Field Probe (EX3DV4)

Calibration ISQ/EC 17025 calibration service available.

Directivity + 0.3 dB in TSL (rotation around probe axis)
+ 0.5 dB in TSL (rotation normal to probe axis)

Dimensions Qverall length: 337 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: 1 mm
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3.3 E-Field Probe(ES3DV3)

Calibration ISOYIEC 17025 calibration service available.

Directivity + 0.2 dB in TSL (rotation around probe axis)
+ 0.3 dB in TSL (rotation normal to probe axis)

Dimensions Qverall length: 337 mm (Tip: 20 mm)
Tip diameter: 3.9 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.0 mm

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

3.4 ELI Phantom

Material Vinylester, glass fiber reinforced (VE-GF)

Shell Thickness 2.0 £ 0.2 mm (bottom plate)

Filling Volume approx. 30 liters
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3.5 Twin SAM Phantom

Shell Thickness

Filling Volume

3.6 Mounting Device
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Uncertainty of SAR equipment for measurement Body 0.3 GHz to 3 GHz

Uncertainty | Uncertainty | Probe | Div. C, C LAY L) Fi

No. Error Description Value (1 g) alue (102 Dist. lg | (1Dg 1g) 10g or For

(24) e
1 | vres [Probe Calibration 6530 N 100 | 1.00 6530 o0
2 | vem. |Isotropy 1.87 7 A N I I ] 1.08 -]
3| o [Linssrity 0.60 E A3 LoD 035 ]
4 | LiFRap) | Probe modulation responss 140 14 R A3 | e 132 ]
§ | wor, |Detsction Limits 100 E 3 100 058 @
5 | w=g |Boundaryefect 100 E 3 1.00 058 ]
7 | wme; |Rezdout Elsctronics 030 N 100 | 1.00 030 @
B | ©Ter |Response Time 0.80 R A7 | 10D 048 - ]
o | LT |Intzeration Tims 260 1 E A3 | Lo 150 @
10 | ey [BF zmbisnt conditions—noiss 3.00 E 3 1.00 173 7 w@
11| L#e) |BF zmbis=nt conditions—r=fl=ctions 3.00 R ~3 | 100 1.73 T 0
12 | vFR~) | Probe positionsr mech Restrictions e 4 R 3| 1ol 033 2 =
13 | LR~/ | Probe positioning with rezpact to phanton 180 1 E A3 | Lo 167 T =
14 |0 )| Post-processing{ior mex. 3AR evalustion) 200 2 R 7 | 10D 113 ]
15| wory |Device Holder Uncertzinty 3.60 N 100 | 1.00 3.60 300
15 |20 2ur)| Tast s2mple positioning 232 7 N 100 | 100 232 7 2000
17| ves |Powsr sczling 0.00 R A3 | Lo 0.00 ]
18| wroy |Drift of owtput powenmezsured SAR drift) 500 E A3 | Lo 1E9 2 =
19| veL |Phantom Uncartzinty 610 E A3 | Lo 352 2 @
0 | LHEE oy | Aogporeetion, s comrecmng 543 S deveacionn i permreviny and 140 K 100 | 1.00 - 1490 ]
11 | wzcy [Liguid Conductivity {mezs) 133 K 100 | D.7E 118 500
12 | wrFy |Liguid Pemmittivity {mezs) 3407 T K 100 | 023 0.71 500
13 | D) | Liguid conductiviniemperature unosrtain 418 - E A3 | wTE 187 7 =
24 | LiLFr) | Liguid permittiviytemperature wnoertzing B4 z R I e 011 ]
Lefrar} Combined standard uncertainty () 1297 1174 S0
Extended uncertainty I7%) 2504 2348
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Uncertainty of SAR equipment for measurement Body 3 GHz to 6 GHz

Uncertainty | Uncertainty | Probe | Div. C: C Ly L% Fi

No. Error Description Value (1 =) Value (10 g Dist. {1g) | (10g 1g) 10g or For

(%)
1 | v#Rs) [Probe Calibration 6530 530 N 100 | 100 630 oo
1 | veRy |Isotropy 187 187 E 3 1.0 1.08 ]
3| vz [Linssrity 0.60 .60 E ~3 | 100 035 ]
4 | LR | Probe modulzation responss 240 244 E A3 | LoD 139 o]
§ | wory |Detsction Limits 1.0 1.0 E AT 1 058 @
5 | vsE |Boundary =fect 200 200 E 3 100 115 ]
7 | wmej |Rezdout Elsctronics 030 HE N 100 | 100 030 @
B | 97w |Response Time 0.ED D.80 R P I I 048 4 =
9 | U7 (Intzgration Tims 160 260 E ~3 | 100 150 ]
10 | Utton) | BF zmbient conditions—noise 300 3.00 E 3 1.0 173 T =
11| Létx-) |BF zmbiznt conditions—r=flactions 300 3.00 R A3 | LoD 1.73 7 =1
12 | PR~/ | Probe positionsr mech Restrictions 0B 0B R 3| 14D e 4 =
13 | ¥R~ | Probe positioning with respect to phanton 670 5.7 E A3 | 10D 3BT i =
14 |LPF )| Post-processing{for max SAR evaluation) 400 400 E 3 100 2131 2 m
15| wowy (Devics Holder Uncertzinty 3.60 3.60 K 100 | 100 | 100 3.60 3.60 500
16 [E9P0zer)| Test s2mple positioning T.76 5.03 K 100 | 100 | 100 T.76 5.03 2.00
17| s |Powsr sczling 000 D00 E 3 100 000 o]
18| weoy |Drift of output powen{mezsured SAR drift) 500 5.00 E 3 1.0 18D 1 =
19| v |Phantom Uncertzinty 6.60 .60 E |3 | 100 | 1 ERI 3Bl w@
20 |25 s [rpemmiom e comeaming 543 e Arvasions tn pommemmny and 180 180 K 100 | 100 | 0E4 1490 1.6 ]
21 | tecy [Liguid Conductivity {mezs) 150 150 K 100 | OL7E | 071 117 1.07 500
12 | teFy (Liguid Pemittivity (mezs) 123 123 K 100 | 023 | 026 051 D58 500
13 | BLE ) | Liguid conductivita{t=mperature unosrtzin 212 211 E 3 078 T 083 i =
24 | LiLFre) | Liguid permittivitn{t=mperature unosrtzint 040 i R 3 033 2 0.05 ]
Lefrar} Combined standard umcertainty (%) 1326 1227 Tl
Extended uncertainty I7%4) 26.52 2454
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5. ANSI/IEEE C95.1-2005 RF EXPOSURE LIMIT

In order for users to be aware of the body-worn operating requirements for meeting RF exposure compliance,

operating instructions and cautions statements are included in the user’s manual.

5.1 Uncontrolled Environment
Uncontrolled Environments are defined as locations where there is the exposure of individuals who have no
knowledge or control of their exposure. The general population/uncontrolled exposure limits are applicable to
situations in which the general public may be exposed or in which persons who are exposed as a
consequence of their employment may not be made fully aware of the potential for exposure or cannot
exercise control over their exposure. Members of the general public would come under this category when
exposure is not employment-related; for example, in the case of a wireless transmitter that exposes persons

in its vicinity.

5.2 Controlled Environment
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). In general,
occupational/controlled exposure limits are applicable to situations in which persons are exposed as a
consequence of their employment, who have been made fully aware of the potential for exposure and can
exercise control over their exposure. This exposure category is also applicable when the exposure is of a
transient nature due to incidental passage through a location where the exposure levels may be higher than
the general population/uncontrolled limits, but the exposed person is fully aware of the potential for exposure

and can exercise control over his or her exposure by leaving the area or by some other appropriate means.

Human Exposure Limits

UNCONTEOLLED ENVIRONMENT CONTROLLED ERVIEOMENT
General Population Profiessional Population
(WREd o (inWiz) (W) or (mWie)
SPATIAL PEAK SAR'
Brain 1.60 8.00
SPATIAL AVERAGE AR
Whole Bocly 0.08 0.40
SPATIAL PEAK SARS
Hands, Feer, ankles, Wrists 4.00 20.00

' The Spatial Peak value of the SAR averaged over any 1 gram of tissue (defined as 2 tissue velume i the shape of
a cuse) and over the appropriabe averaging time.

© The Spatial Average value of he SAR averaged over the whole body.,

' The Spatial Peak value of the SAR averaged over any 10 grams of issue (defined as a tizsue volume in the shape
of a cube] and aver the appropriate averaging time,
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6. SYSTEM AND LIQUID VERIFICATION

6.1 System Verification setup

Spacer
30 Probe positiongt
Fhild pro
a | Flat Phaniom
—~J
Dipoke
Dir.Coupler
Signal _| | ama- ey B [ [ S s
Generator | imp = ¢ Cable g .Att‘lll
Att3 {
| M1
Att2 Pm3

|

FMZ

System Setup for System Evaluation
The system performance check verifies that the system operates within its specifications. System and

operator errors can be detected and corrected. It is recommended that the system performance check be
performed prior to any usage of the system in order to guarantee reproducible results. The system
performance check uses normal SAR measurements in a simplified setup with a well characterized source.
This setup was selected to give a high sensitivity to all parameters that might fail or vary over time. The
system check does not intend to replace the calibration of the components, but indicates situations where the

system uncertainty is exceeded due to drift or failure.

In the simplified setup for system evaluation, the DUT is replaced by a calibrated dipole and the power source
is replaced by a continuous wave that comes from a signal generator. The calibrated dipole must be placed
beneath the flat phantom section of the SAM twin phantom with the correct distance holder. The distance
holder should touch the phantom surface with a light pressure at the reference marking and be oriented

parallel to the long side of the phantom. The equipment setup is shown below:

1. Signal Generator
2. Amplifier

3. Directional Coupler
4. Power Meter

5. Calibrated Dipole

The output power on dipole port must be calibrated to 30 dBm (1000 mW) before dipole is connected.
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Numerical reference SAR values (W/kg) for reference dipole and flat phantom

1 2 3 4 5 3
Frequency | Phastom shel 1g %4R " g SAR Local BAR Local 34R
- trbcangn § wng Vg lm“:ﬁlmu I%m:m
mm g Teadipoi nt]
Wi
0a 83 E i 208 i ) A L]
00 20 258 154 414 200
&0 51 432 128 720 120
&0 20 458 106 &75 288
™ 20 B4 555 125 45
35 il 855 [ 141 280
i il 1349 L 18,2 =0
1 &50 20 230 30 ;2 550
1 80O 20 384 201 &5 5580
1 900 a0 £ A5 T2l 1]
1830 il ol 214 TLT aso
4 0o il a1 Fal | T2 4 g0
2 &% 29 824 240 104 7.7
2 58 20 355 244 1% T
2 2 583 248 113 525
100 4 EE] F-i 18 a3
430 il T i ] &1
1 70 2 674 242 " 127
5 000 20 s ek 08 15,1
5 200 20 TES HE HE 155
550 4 i da = 131
3 o Fill 14 F A k]
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6.2 Liquid Validation
The dielectric parameters were checked prior to assessment using the DAK dielectric probe kit. The dielectric

parameters measured are reported in each correspondent section.

6.3 Recommended Tissue Dielectric Parameters
The head and body tissue dielectric parameters recommended by KDB865664 have been incorporated in the

following table.

Target Frequency Head Body
(MHz) & c (S/m) & o (S/m)
150 52.3 0.76 619 0.80
300 453 0.87 582 092
450 435 0.87 56.7 0.94
835 41.5 0.90 552 0.97
900 41.5 0.97 55.0 1.05
915 41.5 0.98 55.0 1.06
1450 40.5 1.20 54.0 1.30
1610 403 1.29 538 1.40
1800 — 2000 40.0 1.40 533 1.52
2450 392 1.80 527 1.95
3000 38.5 2.40 52.0 273
5800 353 5.27 482 6.00

(& = relative permittivity, o = conductivity and p = 1000 kg/m’)
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6.4 Liquid Confirmation Results
6.4.1 System Verification
Frequency | Tissue Liquid Target Measured o Limit
(MH2) Type | Temp.(C) Parameter Value Value Deviation %) Date
Permitivity 55.20 54.40 -1.45% +5
835 Body 21.9 08/17/2015
Conductivity 0.97 0.96 -1.19% +5
Permitivity 53.32 54.75 2.68% +5
1950 Body 21.7 08/18/2015
Conductivity 151 1.58 4.54% +5
Permitivity 52.70 53.45 1.43% +5
2 450 Body 21.4 08/28/2015
Conductivity 1.95 1.95 -0.25% +5
6.5 System Verification Results
. Amb. | Liquid | Input . 1w 1w
(i/:a(;) T_;_ssm;e Temp | Temp | Power Dlsp/;)\lle P;c/)’t\)le '\giaRSliged Normalized Target Deviation Date
yp © | c | mw) 9 | sar10g | sAR10g
835 Body 22.3 21.9 250 4d172 | 3171 1.56 6.24 6.30 -0.95% 08/17/2015
1950 Body 22.0 21.7 250 1156 3171 5.26 21.0 20.6 2.14% 08/18/2015
2450 | Body | 21.7 21.4 250 923 3716 6.02 24.1 23.7 1.60% 08/28/2015
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7. SAR MEASUREMENT 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: Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values, before doing a
fine measurement around the hot spot. The sophisticated interpolation routines implemented in DASY
software can find the maximum locations even in relatively coarse grids. When an Area Scan has measured
all reachable points, it computes the field maximal found in the scanned area, within a range of the global
maximum. The range (in dB) is specified in the standards for compliance testing.

For example, a 2 dB range is required in IEEE Standard 1528 and IEC 62209 standards, whereby 3 dB is a
requirement when compliance is assessed in accordance with the ARIB standard (Japan). If only one Zoom
Scan follows the Area Scan, then only the absolute maximum will be taken as reference. For cases where

multiple maximums are detected, the number of Zoom Scans has to be increased accordingly.

Step 3: Zoom Scan
Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging volume containing 1 g
and 10 g of simulated tissue. The Zoom Scan measures 5x5x7 points within a cube whose base faces are
centered on the maxima found in a preceding area scan job within the same procedure. When the
measurement is done, the Zoom Scan evaluates the averaged SAR for 1 g and 10 g and displays these

values next to the job’s label.

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.
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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.

* Z Scan Report on Liquid Measure the height ANNEX C. Liquid Depth photo to replace

Maxinmm area scan spatial resolution: Axam, AVama

=3GHz =3 GHz
Maxinmm distance from closest measurement pomnt T
(geometric center of probe sensors) to phantom surface 5%1mm %52) £ 05 mm
Maximmum probe angle from probe axis to phantom surface 300+ 1° 300 = 12
normal at the measurement location T -
<2 GHz =15 mm 3-4GHz: =12 mm

2-3GHz =12 mm

4-6GHz: = 10 mm

When the x or y dimension of the test device, in the
measurement plane onientation, 15 smaller than the above, the
measurement resolution must be < the covesponding x or y
dimension of the test device with 2t least one measurement

pomt on the test device.

Maxinmm zoom scan spatial resolution: A%z o AVzocs

=2GHz = 8mm
2-3GHz =5mm’

3-4GHz =5 mm’
4-6GHz =4 mm'

3-4GHz. =4 mm

uniform gnd: Azz,.(n) < 5 mm 4-5GHz: < 3mm
5-6GHz = 2mm
Maximum zoom scan AZZoc(1): between 1% 3-4GHz =3mm
gpiﬁ:jlmon-. two points closest to <4 mm 4-5GHz: =25 mm
normal to phantom hantom surface = ity
frce graded P 5-6GHz: = 2mm
grid
Azzoad(n=1): between Lo
subsequent points e
fini 3-4GHz: =28 mm
h.‘ ! | xy.z =30mm 4-5GHz =25 mm
volume .

5—6GHz =22 mm

2011 for details.

Note: & is the penetration depth of a plane-wave at normal incidence to the tissue mednum; see draft standard IEEE P1528-

" When zoom scan is required and the reported SAR from the area scan based I-z SA4R sstimation procedures of KDB
447498 is = 1.4 Wik, = 8 mm_ = 7 mm and = 5 mm zoom scan resolution may be applied, respectively, for 2 GHz to 3
GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.
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8. TEST EQUIPMENT LIST
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Manufacturer Model Serial No. Cal.Due Used
STAUBLI RX90XL F07/56X0A1/A/01 N/A \
STAUBLI CS8C Speag TX90XL F07/56X0A1/C/01 N/A V

SPEAG SEUMS 011 AA 1019 N/A \
STAUBLI RX90BL F01/5J92A1/A/01 N/A
STAUBLI CS7MBsp RX90BL F01/5J92A1/C/01 N/A
SPEAG SE UMS 001 BC 1164 N/A
STAUBLI SP1 D211 42102 N/A \
STAUBLI Manual Control Il Operator D 221 340 01 N/A \%
Di-Soric LB5 80 N/A
Di-Soric LB2 270 N/A
SPEAG Twin Phantom TP-1069 N/A V
SPEAG Twin Phantom TP-1086 N/A
SPEAG Twin Phantom TP-1112 N/A
SPEAG Twin Phantom TP-1155 N/A
SPEAG ELI4 Phantom S 000 TO1 DA N/A \
SPEAG Triple Phantom QD 000 P51 CA N/A
SPEAG Mounting Device N/A N/A
SPEAG Mounting Device SM LH1 001 AC N/A
Agilent 85033E N/A N/A
SPEAG DAE4 444 11/11/2015
SPEAG DAE3 383 03/18/2015
SPEAG EX3DV4 3666 05/25/2016
SPEAG ES3DV3 3171 07/20/2016
SPEAG EX3DV4 3716 11/17/2015
SPEAG D2450V2 923 11/12/2015
SPEAG D5GHzV2 1094 12/15/2015
SPEAG D835V2 4d172 07/08/2016 \
SPEAG D1750V2 1122 07/08/2016
SPEAG D1950V3 1156 07/08/2016 \
SPEAG DAK-3.5 1140 11/10/2015 \
HP 86658 3744A01333 10/09/2015 v
EMPOWER BBS3Q7ELU-2001 1009D/C0105 10/09/2015 \
VARIAN VZC6961K11212 6673 10/09/2015
HP 778D 12679 10/07/2015 v
Agilent 772D 2839A01119 10/07/2015 v
Agilent E44198 MY41291366 10/07/2015 v
HP 4378 3125U25121 04/28/2016 v
HP 8481H 3318A18722 10/12/2015 v
HP 8481H 3318A17600 10/12/2015 v
HP 8481A 1550A14928 10/12/2015
WAAINWRIGHT WLJS1500-6EF 1 10/07/2015
WAAINWRIGHT WLJS3000-6EF 1 10/07/2015
WAAINWRIGHT WLJSB000-7EF 1 10/12/2015 \
Agilent E8357A US41070399 10/09/2015 \
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Rohde-Schwarz FSP 100017 10/08/2015 V
LKM Electronic Gmbh DTM3000-spezial 3247 10/10/2015
CAS TE-201 14011777-2 10/09/2015
CAS TE-201 140117771 10/10/2015
Bird 50-6A-MFN-30 14100882-1 10/12/2015

Bird 50-6A-MFN-30 14100882-2 10/12/2015 V
ANRITSU MT8820A 6200270787 08/20/2015

Agilent E5515C GB41450265 03/09/2016 \Y
Agilent E5515C GB44350208 03/09/2016
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9. RF CONDUCTED POWER

9.1 GSM Conducted output power (Burst-Average)

Report No. W158R-D006

Freq. GPRS Conducted Power (dBm) Tolerance
Mode CH
(MHz) 1TX 2TX 3TX ATX (dBm)
824.2 | 128 32.28 30.75 28.36 27.93 33.0 -1/+0.5
GSM 850 836.6 | 190 32.42 30.97 29.51 28.21 33.0 -1/+0.5
848.8 | 251 33.01 31.32 29.97 28.46 33.0-1/+0.5
824.2 | 128 29.82 28.44 27.12 25.73 30.0 -1/+0.5
GSM 1900 836.6 | 190 29.85 28.51 27.25 25.88 30.0 -1/+0.5
848.8 | 251 29.77 28.31 27.03 25.57 30.0 -1/+0.5
Freq. EGPRS Conducted Power (dBm) Tolerance
Mode CH
(MHz) 1TX 2TX 3TX 4TX (dBm)
824.2 | 128 32.22 30.58 28.19 27.88 33.0 -1/+0.5
GSM 850 836.6 | 190 32.37 30.63 29.45 28.03 33.0 -1/+0.5
848.8 | 251 32.96 31.02 29.65 28.32 33.0 -1/+0.5
824.2 | 128 29.77 28.36 26.96 25.55 30.0 -1/+0.5
GSM 1900 836.6 | 190 29.81 28.42 27.05 25.71 30.0 -1/+0.5
848.8 | 251 29.73 28.29 26.88 25.43 30.0 -1/+0.5

9.2 GSM Conducted output power (Frame-Average)

Freq. GPRS Conducted Power (dBm)
Mode CH
(MHz) 1TX 2TX 3TX 4TX
824.2 | 128 23.25 24.73 26.49 24.92
GSM 850 836.6 | 190 23.39 24.95 26.71 25.20
848.8 | 251 23.98 25.3 27.06 25.45
824.2 | 128 20.79 22.42 24.18 22.72
GSM 1900 836.6 | 190 20.82 22.49 24.25 22.87
848.8 | 251 20.74 22.29 24.05 22.56
Mode Freq. cH EGPRS Conducted Power (dBm)
(MHz) 1TX 2TX 3TX ATX
824.2 | 128 23.19 24.56 26.32 24.87
GSM 850 836.6 | 190 23.34 24.61 26.37 25.02
848.8 | 251 23.93 25 26.76 25.31
824.2 | 128 20.74 22.34 24.10 22.54
GSM 1900 836.6 | 190 20.78 22.4 24.16 22.70
848.8 | 251 20.70 22.27 24.03 22.42
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9.3802.11b
Conducted Power (dBm)
Freq. Tolerance
Mode (MHz) CH Data Rate (Mbps) (dBm)
1 2 5.5 11
2412 1 13.59 13.55 13.71 13.49 14.0 + 2
802.11b 2437 6 13.94 13.85 13.97 13.73 |(Band edge
2 462 11 14.20 14.17 14.24 14.01 -4)
9.4 802.11g
Conducted Power (dBm)
Freq. Tolerance
Mode (MH2) CH Data Rate (Mbps) (dBm)
6 9 12 18 24 36 48 54
2412 1 879 | 872 (834 | 828 |801 |7.74 | 7.48 | 7.40 9.0+2
802.11g 2 437 6 |896 887 [875 [855 |8.38 |8.11 | 7.75 | 7.52 |(Band edge
2 462 11 932 1921 | 9.11 (870 | 866 | 829 | 8.03 | 7.93 -4)
9.5 802.11n HT20
Conducted Power (dBm)
Freq. Tolerance
Mode (MH2) CH Data Rate (Mbps) (dBm)

6.5 13 19.5 26 59 52 58.5 65
2412 1 857 | 843 (827 | 805|774 | 730 |7.12 | 7.14 90+2
802.11n HT20| 2437 6 8.75 | 856 | 836 | 822 | 792 | 7.49 | 7.59 | 7.46 |(Band edge
2 462 11 | 9.10 | 8.89 | 8.71 [ 859 |823 [7.96 |7.96 | 7.88 )
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Justification for reduced test configurations for WIFI channels per KDB Publication 248227
D01v01r02 and October 2012/April 2013 FCC/TCB Meeting Notes:

For 2.4 GHz, highest average RF output power channel for the lowest data rate for IEEE 802.11b
were selected for SAR evaluation. Other IEEE 802.11 modes (including 802.11g/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.

For 5 GHz, highest average RF output power channel for the lowest data rate for IEEE 802.11a were
selected for SAR evaluation. Other IEEE 802.11 modes (including 802.11n 20 MHz and 40 MHz)
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 802.11a mode.
When the maximum extrapolated peak SAR of the zoom scan for the maximum output channel is
<1.6 W/kg and the reported 1g averaged SAR is <0.8 W/kg, SAR testing on other channels is not
required. Otherwise, the other default (or corresponding required) test channels were additionally
tested using the lowest data rate.

The bolded data rate and channel above were tested for SAR.
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BDR
Mode Freq. (MHz) CH DH1 DH3 DH5 Tolerance (dBm)
2402 0 -0.63 2.30 3.14
BDR
(M) 2441 39 2.65 554 6.38 701
2480 78 3.31 6.23 7.03
EDR
Mode Freq. (MHz) CH DH1 DH3 DH5 Tolerance (dBm)
2402 0 -3.30 -0.77 -0.09
EDR
M) 2441 39 -0.52 2.00 2.66
2480 78 0.10 2.63 3.25
301
2402 0 -3.30 -0.77 -0.11
EDR
3M) 2441 39 -0.53 1.97 2.62
2480 78 -0.10 2.61 3.23
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10.SAR TEST RESULTS

< GSM 850 Body SAR >

Report No. W158R-D006

wode [positon| e | ci | Condeted |os et S| g | S

(W/kg) (W/kg)

824.2 128 32.28 33.00 1.18 1.290 1.523

Back 836.6 190 32.42 33.00 1.14 1.450 1.657

848.8 251 33.01 33.00 1.00 1.590 1.586

GPRS Front 836.6 190 32.42 33.00 1.14 0.608 0.695

Bottom | 836.6 190 32.42 33.00 1.14 1.190 1.360

Left 836.6 190 32.42 33.00 1.14 0.966 1.104

Right 836.6 190 32.42 33.00 1.14 1.340 1.531

< GSM 1900 Body SAR >

o [positon| e | i | Consecisd |\as et Seang | oo | S

(W/kg) (W/kg)

1850.2 | 512 29.82 30.00 1.04 1.510 1.574

Bottom | 1 880.0 | 661 29.85 30.00 1.04 1.510 1.563

1909.8 | 810 29.77 30.00 1.05 1.460 1.539

GPRS | Front | 1880.0 | 661 29.85 30.00 1.04 0.641 0.664

Back 1880.0 | 661 29.85 30.00 1.04 0.739 0.765

Left 1880.0 | 661 29.85 30.00 1.04 1.420 1.470

Right | 1880.0 | 661 29.85 30.00 1.04 0.244 0.253

<802.11b Body SAR >

o [positon| e | ci | Condected |as et g | gga | S

(W/kqg) (W/kg)

2412 13.71 14.50 1.20 0.311 0.373

Right 2437 6 14.02 14.50 1.12 0.422 0.471

802.11b 2 462 11 14.28 14.50 1.05 0.485 0.510

Front 2437 6 14.02 14.50 1.12 0.012 0.013

Back 2437 6 14.02 14.50 1.12 0.013 0.015
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ANNEX A. SYSTEM VERIFICATION PLOTS
< 835 MHz Body / Date : Aug 17, 2015 >

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d172

Communication System: CW; Frequency: 835 MHz;Duty Cycle: 1:1

Medium parameters used: f = 835 MHz; ¢ = 0.958 mho/m; &r = 54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

835MHz SPC/Area Scan (71x101x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR = 2.72 mW/g

835MHz SPC/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 53.4 V/m; Power Drift =-0.012 dB

Peak SAR (extrapolated) = 3.4 W/kg

SAR(1 g) = 2.34 mW/g; SAR(10 g) = 1.56 mW/g

Maximum value of SAR (measured) = 2.74 mWI/g

dB )
u -,

-1.93

-3.86

-h.79

-f.F2

¥

-9.65

0dB =2.74mWI/g

EMC-003 (Rev.2)

HEAD OFFICE : 301-14 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)
EMC Testing Div. : 307-51 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-765-8289, FAX: 82-31-766-2904)



ONETECH

Page 26 of 123 Report No. W158R-D006

<1950 MHz Body / Date : Aug 18, 2015 >

DUT: Dipole 1950 MHz; Type: D1950V3; Serial: D1950V3 - SN:1156

Communication System: CW; Frequency: 1950 MHz;Duty Cycle: 1:1
Medium parameters used: f = 1950 MHz; o = 1.58 mho/m; &r = 54.8; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

1 950MHz SPC/Area Scan (71x101x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR =13 mW/g

1 950MHz SPC/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 88.6 V/m; Power Drift =-0.116 dB

Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 10.1 mW/g; SAR(10 g) = 5.26 mW/g

Maximum value of SAR (measured) = 12.7 mWI/g

dB s
]

-3.48

-6.96

-10.4

-13.4

¥

-17.4

0dB =12.7mWI/g
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< 2450 MHz Body / Date : Aug 28, 2015 >

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:923

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium parameters used: f = 2450 MHz; o = 1.95 mho/m; &r = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOQO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

2450MHz SPC/Area Scan (71x101x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR = 19.5 mW/g

2450MHz SPC/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 99.6 V/m; Power Drift =0.117 dB

Peak SAR (extrapolated) = 25.8 W/kg

SAR(1 g) = 12.8 mW/g; SAR(10 g) = 6.02 mW/g

Maximum value of SAR (measured) = 19.4 mW/g

dB P
“ |

-4,22
-8.44
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0dB =19.4mWi/g
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ANNEX B. SAR TEST PLOTS

< GMS 850 CH128 824.2 MHz Back Body / Date : Aug 17, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 824.2 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 824.2 MHz; o = 0.947 mho/m; &r = 54.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch128 824.2 MHz_Back/Area Scan (71x81x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 4.28 mW/g

GSM 850 _ch128 824.2 MHz_Back/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 45.1 V/m; Power Drift =-0.219 dB

Peak SAR (extrapolated) = 8.76 W/kg

SAR(1 g) = 2.98 mW/g; SAR(10 g) = 1.29 mW/g

Maximum value of SAR (measured) =4 mWi/g

dB
]

-4.18

-8.36

-12.5

-16.7

ksal:
0dB =4mW/g

* note : Found the maximum hot spot from edge SAR because of antenna position of the bottom, so performed partial scan.
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< GSM 850 CH190 836.6 MHz Back Body / Date : Aug 17, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 836.6 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 836.6 MHz; o = 0.96 mho/m; &r =54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch190_836.6 MHz_Back/Area Scan (71x81x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =4.75 mW/g

GSM 850_ch190_836.6 MHz_Back/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 44.3 V/m; Power Drift =-0.055 dB

Peak SAR (extrapolated) = 9.93 W/kg

SAR(1 g) = 3.39 mW/g; SAR(10 g) = 1.45 mW/g

Maximum value of SAR (measured) = 4.76 mWI/g

dB
0

-4.18
-8.36
-12.5

-16.7
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0dB =4.76mWI/g
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< GSM 850 CH251 848.8 MHz Back Body / Date : Aug 17, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 848.8 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 848.8 MHz; 0 = 0.975 mho/m; &r = 54.3; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch251_848.8 MHz_Back/Area Scan (71x81x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =5.06 mW/g

GSM 850 _ch251 848.8 MHz_Back/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 45.7 V/im; Power Drift = -0.052 dB

Peak SAR (extrapolated) = 11 W/kg

SAR(1 g) = 3.76 mW/g; SAR(10 g) = 1.59 mW/g

Maximum value of SAR (measured) = 5.29 mW/g

dB
]

-4.16

-8.32

-12.5

-16.6

r S

0 dB =5.29mW/g

* note : Found the maximum hot spot from edge SAR because of antenna position of the bottom, so performed partial scan.
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< GSM 850 CH190 836.6 MHz Front Body / Date : Aug 17, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 836.6 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 836.6 MHz; o = 0.96 mho/m; &r =54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch190_836.6 MHz_Front/Area Scan (71x81x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 1.11 mW/g

GSM 850_ch190_836.6 MHz_Front/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 34.5 V/m; Power Drift = 0.010 dB

Peak SAR (extrapolated) = 1.56 W/kg

SAR(1 g) = 0.940 mW/g; SAR(10 g) = 0.608 mW(/g

Maximum value of SAR (measured) = 1.12 mW/g

dB
0

-2.48

-4.96

-7.44

-9.92
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< GSM 850 CH190 836.6 MHz Bottom Body / Date : Aug 17, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 836.6 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 836.6 MHz; o = 0.96 mho/m; &r = 54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch190_836.6 MHz_Bottom/Area Scan (81x51x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 4.6 mWI/g

GSM 850 _ch190 836.6 MHz_Bottom/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 63.4 V/m; Power Drift = -0.040 dB

Peak SAR (extrapolated) = 17.5 W/kg

SAR(1 g) = 3.29 mW/g; SAR(10 g) = 1.19 mW/g

Maximum value of SAR (measured) = 4.92 mW/g

duE [
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< GSM 850 CH190 836.6 MHz Left Body / Date : Aug 17, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 836.6 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 836.6 MHz; o = 0.96 mho/m; &r =54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch190_836.6 MHz_Left/Area Scan (71x151x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 1.68 mW/g

GSM 850_ch190_836.6 MHz_Left/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 42.9 V/m; Power Drift = 0.141 dB

Peak SAR (extrapolated) = 2.33 W/kg

SAR(1 g) = 1.5 mW/g; SAR(10 g) = 0.966 mW/g

Maximum value of SAR (measured) =1.77 mWI/g
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< GSM 850 CH190 836.6 MHz Right Body / Date : Aug 17, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 850; Frequency: 836.6 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 836.6 MHz; o = 0.96 mho/m; &r =54.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(5.97, 5.97, 5.97); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 850_ch190_836.6 MHz_Right/Area Scan (71x151x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 2.27 mW/g

GSM 850_ch190_836.6 MHz_Right/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 48.8 V/m; Power Drift =-0.049 dB

Peak SAR (extrapolated) = 2.78 W/kg

SAR(1 g) = 1.97 mW/g; SAR(10 g) = 1.34 mW/g

Maximum value of SAR (measured) = 2.28 mW/g
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< GSM 1900 CH512 1 850.2 MHz Bottom Body / Date : Aug 18, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1850.2 MHz;Duty Cycle: 1:8.3
Medium parameters used : f = 1850.2 MHz; o = 1.46 mho/m; &r =55.1; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch512_1 850.2 MHz_Bottom/Area Scan (81x51x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =5.16 mW/g

GSM 1900_ch512_1 850.2 MHz_Bottom/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 52.8 V/m; Power Drift =-0.047 dB

Peak SAR (extrapolated) = 7.88 W/kg

SAR(1 g) = 3.43 mW/g; SAR(10 g) = 1.51 mW/g

Maximum value of SAR (measured) = 4.9 mW(/g
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< GSM 1900 CH661 1 880.0 MHz Bottom Body / Date : Aug 18, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; &r = 55; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch661_1 880.0 MHz_Bottom/Area Scan (81x51x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =5.23 mW/g

GSM 1900 _ch661_1 880.0 MHz_Bottom/Zoom Scan (7x7x7)/Cube 0. Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 54.6 V/m; Power Drift = 0.022 dB

Peak SAR (extrapolated) = 8.49 W/kg

SAR(1 g) = 3.58 mW/g; SAR(10 g) = 1.51 mW/g

Maximum value of SAR (measured) = 5.2 mW/g
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< GSM 1900 CH810 1 909.8 MHz Bottom Body / Date : Aug 18, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1909.8 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1909.8 MHz; o = 1.54 mho/m; &r = 54.9; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch810_1 909.8 MHz_Bottom/Area Scan (81x51x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =5.06 mW/g

GSM 1900_ch810_1 909.8 MHz_Bottom/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 48.4 V/m; Power Drift =-0.031 dB

Peak SAR (extrapolated) = 7.77 W/kg

SAR(1 g) = 3.36 mW/g; SAR(10 g) = 1.46 mW/g

Maximum value of SAR (measured) = 4.69 mW/g
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< GSM 1900 CH661 1 880.0 MHz Front Body / Date : Aug 18, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; €r = 55; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch661_1 880.0 MHz_Front/Area Scan (71x81x1): Measurement grid: dx=12mm,

dy=12mm
Maximum value of SAR = 1.43 mW/g

GSM 1900_ch661_1 880.0 MHz_Front/Zoom Scan (7x7x7)/Cube 0: Measurement grid:

dx=5mm, dy=5mm, dz=5mm

Reference Value = 26.1 V/m; Power Drift = 0.018 dB
Peak SAR (extrapolated) = 2.03 W/kg

SAR(1 g) =1.13 mW/g; SAR(10 g) = 0.641 mWI/g
Maximum value of SAR (measured) = 1.4 mW/g

dB
0

-3.36

-6.72

-10.1

-13.4
-16.8 < | -y

0dB =1.4mW/g

* note : Found the maximum hot spot from edge SAR because of antenna position of the bottom, so performed partial scan.

EMC-003 (Rev.2)

HEAD OFFICE : 301-14 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)
EMC Testing Div. : 307-51 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-765-8289, FAX: 82-31-766-2904)



ONETECH

Page 39 of 123 Report No. W158R-D006
< GSM 1900 CH661 1 880.0 MHz Back Body / Date : Aug 18, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; &r = 55; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch661_1 880.0 MHz_Back/Area Scan (71x81x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 1.82 mW/g

GSM 1900 _ch661_1 880.0 MHz_Back/Zoom Scan (7x7x7)/Cube 0. Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 30.6 V/m; Power Drift = 0.169 dB

Peak SAR (extrapolated) = 2.98 W/kg

SAR(1 g) = 1.46 mW/g; SAR(10 g) = 0.739 mWI/g

Maximum value of SAR (measured) = 1.93 mW/g

dB
]

-3.38
-b.76
-10.1

-13.5

r S

0dB = 1.93mW/g

* note : Found the maximum hot spot from edge SAR because of antenna position of the bottom, so performed partial scan.
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< GSM 1900 CH661 1 880.0 MHz Left Body / Date : Aug 18, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; €r = 55; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015_01_20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch661_1 880.0 MHz_Left/Area Scan (71x151x1): Measurement grid: dx=12mm,

dy=12mm

Maximum value of SAR = 4.24 mW/g

GSM 1900_ch661_1 880.0 MHz_Left/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 39.2 V/m; Power Drift = 0.158 dB

Peak SAR (extrapolated) = 6.54 W/kg

SAR(1 g) = 3.09 mW/g; SAR(10 g) = 1.42 mW/g

Maximum value of SAR (measured) = 4.18 mW/g

-11.7

-1b.6

-19.5
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0dB =4.18mWi/g
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< GSM 1900 CH661 1 880.0 MHz Right Body / Date : Aug 18, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: GSM 1900; Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium parameters used: f = 1880 MHz; o = 1.5 mho/m; &r = 55; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: ES3DV3 - SN3171; ConvF(4.84, 4.84, 4.84); Calibrated: 2015-07-21

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

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: SAM with CRP(right side)_2015 01 20; Type: SAM; Serial: 1069

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

GSM 1900_ch661_1 880.0 MHz_Right/Area Scan (71x151x1): Measurement grid: dx=12mm,

dy=12mm

Maximum value of SAR = 0.475 mWI/g

GSM 1900 _ch661_1 880.0 MHz_Right/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 18.1 V/m; Power Drift = -0.00704 dB

Peak SAR (extrapolated) = 0.625 W/kg

SAR(1 g) = 0.394 mW/g; SAR(10 g) = 0.244 mW/g

Maximum value of SAR (measured) = 0.467 mW/g

dB
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0dB =0.467mWI/g
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<802.11b CH1 2 412 MHz 5.5 Mbps Right Body / Date : Aug 28, 2015 >
DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: 802.11 b/g/n; Frequency: 2412 MHz;Duty Cycle: 1:1
Medium parameters used : f = 2412 MHz; 0 = 1.9 mho/m; &r = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

802.11b ch1_2 412 MHz_5.5 Mbps_Right/Area Scan (71x151x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR = 1.81 mW/g

802.11b chl 2 412 MHz_5.5 Mbps_Right/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 15.3 V/m; Power Drift =-0.174 dB

Peak SAR (extrapolated) = 2.01 W/kg

SAR(1 g) = 0.836 mW/g; SAR(10 g) = 0.311 mW/g

Maximum value of SAR (measured) = 1.43 mW/g

dB |
0

-5.66

-11.3

-22.b
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0dB = 1.43mW/g
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< 802.11b CH6 2 437 MHz 5.5 Mbps Right Body / Date : Aug 28, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: 802.11 b/g/n; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used : f = 2437 MHz; o = 1.93 mho/m; &r = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

802.11b ch6_2 437 MHz_5.5 Mbps_Right/Area Scan (71x151x1): Measurement grid: dx=12mm,
dy=12mm
Maximum value of SAR =2.26 mW/g

802.11b ch6_2 437 MHz_5.5 Mbps_Right/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 21.3 V/m; Power Drift = 0.221 dB

Peak SAR (extrapolated) = 2.74 W/kg

SAR(1 g) = 1.14 mWI/g; SAR(10 g) = 0.422 mWI/g

Maximum value of SAR (measured) = 1.94 mW/g
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< 802.11b CH11 2 462 MHz 5.5 Mbps Right Body / Date : Aug 28, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: 802.11 b/g/n; Frequency: 2462 MHz;Duty Cycle: 1:1
Medium parameters used : f = 2462 MHz; o = 1.96 mho/m; &r = 53.4; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

802.11b ch1l_2 462 MHz_5.5 Mbps_Right/Area Scan (71x151x1): Measurement grid:
dx=12mm, dy=12mm
Maximum value of SAR = 2.68 mW/g

802.11b ch11l_2 462 MHz_5.5 Mbps_Right/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 21.7 V/m; Power Drift =-0.114 dB

Peak SAR (extrapolated) = 3.24 W/kg

SAR(1 g) = 1.32 mW/g; SAR(10 g) = 0.485 mWI/g

Maximum value of SAR (measured) = 2.29 mW/g
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< 802.11b CH6 2 437 MHz 5.5 Mbps Front Body / Date : Aug 28, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: 802.11 b/g/n; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used : f = 2437 MHz; o = 1.93 mho/m; &r = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

802.11b ch6_2 437 MHz_5.5 Mbps_Front/Area Scan (101x171x1): Measurement grid:
dx=12mm, dy=12mm
Maximum value of SAR = 0.040 mW/g

802.11b ch6_2 437 MHz_5.5 Mbps_Front/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 4.1 V/m; Power Drift = 0.065 dB

Peak SAR (extrapolated) = 0.047 W/kg

SAR(1 g) = 0.023 mW/g; SAR(10 g) = 0.012 mW/g

Maximum value of SAR (measured) = 0.035 mW(/g
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0 dB =0.035mW/g
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< 802.11b CH6 2 437 MHz 5.5 Mbps Back Body / Date : Aug 28, 2015 >

DUT: MT280; Type: Sample; Serial: Not Specified

Communication System: 802.11 b/g/n; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium parameters used : f = 2437 MHz; o = 1.93 mho/m; &r = 53.5; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

- Probe: EX3DV4 - SN3716; ConvF(7.13, 7.13, 7.13); Calibrated: 2014-11-18

- Sensor-Surface: 2mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn444; Calibrated: 2014-11-12

- Phantom: ELI 4.0; Type: QDOVAOO1BA; Serial: 1030

- Measurement SW: DASY5, V5.0 Build 125; SEMCAD X Version 13.4 Build 125

802.11b ch6_2 437 MHz_5.5 Mbps_Back/Area Scan (101x171x1): Measurement grid:
dx=12mm, dy=12mm
Maximum value of SAR = 0.030 mW/g

802.11b ch6_2 437 MHz_5.5 Mbps_Back/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm

Reference Value = 3.56 V/m; Power Drift = 0.213 dB

Peak SAR (extrapolated) = 0.040 W/kg

SAR(1 g) = 0.023 mW/g; SAR(10 g) = 0.013 mW/g

Maximum value of SAR (measured) = 0.031 mW(/g
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0 dB = 0.031mW/g
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ANNEX C. PHOTOGRAPHS

< System Verification >

< 835 MHz >

<1950 MHz >
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<2450 MHz >

EMC-003 (Rev.2)
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< Test position >

Front view (Front of DUT)

Side view (Front of DUT)
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Front view (Back of DUT)

Side view (Back of DUT)
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Side view (Bottom of DUT)
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Front view (Left of DUT)

a8 =
Side view (Left of DUT)
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Front view (Right of DUT)

Side view (Right of DUT)
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< Liquid Depth >

< 835 MHz >

<1950 MHz >
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<2450 MHz >

EMC-003 (Rev.2)
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< DUT Photograph >

BLUEBIRD

< Front >

< Back >
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<Top >

< Bottom >
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< Left >

< Right >
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ANNEX D. ANTENNA INFORMATION

< Antenna location >

i
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< Antenna Data Sheet >
1. WWAN Antenna Data Sheet
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Report No. W158R-D006
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* f. L 1 1
1S5 mi-11 1603
< 3D Pattern >

1 2 3 4 5 5 T 5 9 10 i 12 13 14 15 16 17 18 19

Frequency [MIHz] 824 | 849 | 869 | 880 | 894 [ 915 | 925 | 960 | 1710 | 1785 | 1805 | 1850 | 1880 | 1910 | 1930 | 1980 | 1980 | 2110 | 2170
Efficiency [dB] 7.86 | 625 | 546 | 5.02 | 460 | 447 | 386 | 357 | 477 [ 254 | 239 | 239 | 214 | 272 | 281 | 224 | 223 | 484 | 472
Efficiency [%] 16.37 | 23.70 | 28.45 | 31.48 [ 34.66 [ 3574 | 4112 | 43.92 | 33.34 [ 5574 | 57.69 | 57.70 | 61.04 | 53.40 | 52.40 | 59.76 | 59.87 [ 32.84 | 33.72
TRG [dB] 7.86 | 6.25 | 546 | 5.02 | 460 | 447 | 3.86 | 357 | 477 [ 254 | 239 [ 239 [ 244 | 272 | 281 | 224 [ 223 [ 484 | 472
TRG. [R1 975 | -7.99 | -7.00 | 653 | -6.04 | 547 | 633 | 497 | 774 [ 513 | 496 | 493 | 476 | 566 | 578 | 544 | 559 | -7.80 | -7.71
Gaine .. [deill 623 | -369 | -3.28 | -3.03 | 245 | 470 | 453 [ 131 [ .01 | 174 | 192 | 137 | 116 | 021 [ -022 | -053 | -0.64 | 280 | 224
Gain- .. [dRil -30.67 [ -28.08 | -31.24 |-32.36 | -38.06 | -26.07 | -25.24 | -24.45 | -31.17 | 19.92 | -23.69 | -29.13 | 40.20 | -23.46 | -23.60 |-27.43 |-28.95 |-24.91 | -25.09
TRG. [dRI 12.39 | 11.07 [10.70 [ 1034 | 1008 | 4135 | 928 | 919 | 782 | -602 | 589 | 592 | 569 | 593 | 585 | 506 | 491 | 789 | 775
Gain_ .. tdgi1| 816 | 617 | 576 | -559 | 4.91 | -662 | 348 | 354 | 232 | 065 | 107 | 0586 | 073 | 019 | 020 | 128 | 1.40 | -346 | -2.92
Gain_ .. (4Rl -33.24 [-20.98 | -24.01 [ -2532 | -23.06 | -26.67 | -27.10 | -31.34 [-19.17 | -24.03 | -25.61 | -25.05 | -34.61 |-29.33 | -26.57 | -26.89 | -26.17 | -23.48 | -25.29
UHRG [dB] 11.94 | 996 [ -922 | -9.01 | -886 | 887 | 828 | 769 | -8.06 | -658 | -657 | -6.36 | 615 | 687 | -708 | -6.61 | 653 | 766 | -T.44
UHRGITRG [%] 3912 [ 4261 [ 4202 [ 3992 [ 3755 [ 3633 [ 3610 | 3875 | 46687 [ 3947 | 3822 [4003 [ 3980 | 3853 | 3737 | 3660 [ 3714 [ 5219 [ 5350
H-Plane 849 | 580 | 512 | 490 | 463 | 4.09 | -3.88 | 326 | 794 [ 573 | 527 | -612 | 667 | 645 | 662 | 626 | 550 | -8.88 | -6.70
E1-Plane, AVG [dB]| 1062 | -9.23 | -803 | 743 | 687 | 626 | 610 | 568 | 777 | -532 | 640 | 526 | 548 | 681 | -712 | -7.33 | 761 [-11.02 [ 12,07
E2-Plane, AVG [dB]| -10.39 | 845 | -760 | 711 | 659 | 596 | 579 [ 573 | 647 | 434 | 407 | 423 | 391 | 454 [ 479 [ 420 | 419 | 638 | 6.10
Peak Gain [dBi] 419 | 310 | 229 | 137 [ 050 | 022 | 060 | 071 | 087 [ 237 | 273 | 257 | 264 | 173 | 142 | 1987 [ 198 [ 204 | 155
Directivity [dB] 367 | 315 | 317 | 365 | 410 | 4256 | 446 | 425 | 390 | 491 | 511 | 496 [ 479 | 445 | 423 | 420 | 421 | 279 | 3.7
Minimum Gain [dBi] -15.87 | -14.15 [-15.20 [-17.22 |-17.98 |-16.04 |-13.25 [-15.54 [-17.10 |-12.63 | -14.75 | -13.89 | -12.50 | -12.60 |-11.60 |[-10.60 |-11.19 |-11.29 | -11.67

<Antenna Gain >
EMC-003 (Rev.2)
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2440M

< 3D Pattern >

Report No. W158R-D006

M 6746)

[ 2 3 4 5 6 7 8 9

Frequency [MHz] | 2400 | 2410 [ 2420 | 2430 | 2440 [ 2450 | 2460 | 2470 [ 2483
Efficiency [dB] 785 | 765 | 732 | 6.83 | 6.58 | 673 | 632 | 596 | 5.59
Efficiency [%] 16.41 [ 17.18 [ 1854 [ 2073 | 2195 [ 21.23 [ 23.33 | 25.33 | 21.57
TRG [dB] 785 | 765 | 732 | 683 | 658 | 673 | 632 | 596 | 559
TRG.. [4B] 891 | 863 [ 827 [ 777 | 750 [ 772 | 726 | 693 [ 658
Gain. - . rdgill 216 | 192 | 161 [ 121 [ 108 | 148 [ 118 | 098 | -076
Gain. .. [dRil 2716 | 2789 | 2894 | 2991 [ -3077 | 3125 [-30.89 | 3073 | 2923
1RG. [dBl 1448 |-14.59 [ 1437 [13.94 [-1379 [ 1364 [-1344 [ 1295 [1254
cain - . raenl 753 | 783 [ 785 | 767 | 781 [ 801 | 799 | 742 | 678
Gain .. [denl 3061 [-3031 [-32.03 [ 3482 |-3529 [-33.73 [ 2743 |-24.26 [-2567
UHRG [dB] 993 | -083 [ -955 | 913 | -895 | -917 | 883 | -853 | -8.23
UHRG/TRG [%] 6120 | 6054 | 5982 [ 5899 | 58.06 | 57.05 | 5616 | 55.35 | 54,53
H-Plane 810 | -778 | -739 | 684 | 651 | 666 | 615 | -5.79 | 538
E1-Plane, AVG [dB]| 784 | 757 | 723 | 675 | 650 | 676 | 634 | 608 | 580
E2-Plane, AVG [dB]| -11.80 [-11.51 [-11.13 [-10.62 [-10.34 [-1056 |-1013 | -9.85 | -9.54
Peak Gain [dBi] 197 | 190 [ 158 [ 118 [ 104 [ 144 [ 113 [ 091 [ 067
Directivity [dB] 588 | 6575 | 573 | 566 | 654 | 529 | 519 | 505 | 493
Minimum Gain [dBi] 2347 [-2353 [ -2246 | 2177 [-2063 |-1942 | 1772 [ 1643 |-1549

< Antenna Gain >
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ANNEX E. PROBE AND DIPOLE CALIBRATION CERTIFICATES

< E-Field Probe : ES3DV3 — SN 3171 >

Calibration Laboratory of
Schmid & Partnar

Englnaaring AG
Zeughaussirasse 43, B004 Burich, Switzeeland

g Echwalnerischar Kalibriordiomat

¢ Bervice sulsse ditalonnage

S Servizho syiresrn di maranara
Swaps Calibysbicon Service

Acoraditid Uy U Swiks Accredilntion Eervion (SAR)
Tha Swiss Accrodiestion Serice ik one of Mo signatorios b e EA
Multdseral Agreomsnt o e ivtogrilien of calitiration conificaies

Accroditation Ne.: SCS 0108

ciet  Onatech (Dymstec) “Contificsen No: ES3-3171_Jul5
CALIBRATION CERTIFICATE
Ot ESSOV3 =SN3171

C:RinMan procodire(y]

Gabbesson date: July 21,2015

This calibraton cefilCale documents the iraceabdty by nabionsl standards, which resize the physcsl unts of measursmants (31
Ther massurements and tha unceriaintim with confidencn probubilty aro gamn on the foliewing pages ard am part of the ciilicein

Al calibiations Pave been cofduciad in i choed labomlony Racily, amaronmand Mmoeratun (I & 31°C and tumidily < 7%

Calisrmion Egupmon used (MATE oriscal for ealbrason)

Primary Stamtarnds. | 1D Cal Dain (Corificaie Mo § Schwdunn) Cablbrateor

Frower meer C44100 GEH 1253074 (ri-Apr-16 (Mo, 217402128) Mar- 1§

Pewer sermor E4d 120, Y414 BAOAT | B0-Apr-18 (Mo, 217-02120) Mar-16

Rolimance 7 48 Algrwasbod A SN 1 r-Rpe- 55 (Mo 217020 Mlar- 16

it M1 df Alvrware BN BRYTT (2x) | B1-Apr-18 (Ha, 21703133} Mar-10

Ralmunce 30 4B Asrustcr SH: 55129 (300 DAt (o 21700 30 Mar- 1

Rndnmncs Prons ERICD Eh A3 30 Owo. 4 (Mo ES3-3013 Dwclid) | Dwc-15

DOAE4 M. D 1428 15 (0. DAES-060. JantS) Jan-16

Ex clary £ - Chech Dale [in houss] Tchadubed Check

RF genealor HP B848C ARG 00 AAUg-0% fin houss check Apr-13) In house chack: Apr-18

Habwork Aratyeor WP BTSSE | LSATMO0SAS +8-Oca &1 {in howse chack Ocl-14) | Inhowsecheck:- Och 15 |
Name Fungsan

Cauinies by ity L i i

i

Appemves by Halja Poharvic

et

Tase Juty 33, 2016

This calibenlion cemicabs shal nol be epedcucen seepl in il withoan wrmon apgn of the

Cemificate Moc ES3-3171_JiltS Page 1ol 11
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Calibration Laboratory of g P
Schmid & Partner M g :r.m.-durfw
Engineenng AG - o wwizzese ra
Zomgieimsraase 2 1004 Zwkch, Siianrian L B e S
Acrwctiond by thr Swiss A £arvinn (EAS) Accrudtation Ne.: SCS 0108

Thn Ewiss Azerndtnticn Sarvies is ana of 1he sgnasories 1o the EA
Mustilateral Agrogamsnt bor B teogrition of calibration ceriilicales

Glossary:

TSL lasue simalating liouid

NORMx. .2 sansdivily in free spocs

ConvF sunsilivity in TEL ! NORMz,y.z

oCp i commprassion point

CF crast factor {1/duty_sycle) of the RF signal

ABC.D madulaton dependent lineanzation paramabens

Pailiaiization oy rdation amoumd probe axis

Polarization & A rolation around an oxis tat is in the plane normal 1o probe s (at maasurement center),
i, @ = 0is normal 10 probes axis

Connacior Angle Infarmation weed in DASY syslem o align proke sensar X io he mbol coonfinedn system

Calibration is Performed According 1o the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommandad Practics for Detarmining the Peak Spalial-Averaged Speclic
Absorption Rate (SAR) in the Human Head from Wireless Communicatons Divicss: Moasiatomesnd
Techaiques”, Juna 2013

b} 1EC B2200-1, "Procodurs (o moasum tho Spooific Absomption Rete (SAR) for hand-held devices ysad in closa
pmximity to tho car (frogquency range of 300 MHz to 3 GHz)", February 2005

g) IEC 62200-2, "Procedurs io defermine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz ta 6 GHz)", March 2010

d) KDE 865654, "SAR Measuremen Requiremants for 100 MHZ 1o 6 GHE™

Huthndl. Applled and Interpretation of Paramaters:
NORMY.z: Assessed for E-field potarization & = 0 {f £ 900 MHz In TEM-call; f > 1800 MHz: R22 waveguide).
NORM:, Y,z ara only intermadiate values, Le., thi uncenaintes of MORNMx,y.2 doas not affect the E”-fiskd
uncartainty inside TSL (sea below Conwr),

s NORM{x .2 = NORM,y.z * frequency._response (see Frequency Responge Chart), This linearization s
implermented in DASY4 soltware versions iater then £.2. The uncertainty of the frequency response is included
in the stated uncenainty of ConvF,

*  DCPxy x DCP e numeical linearizadion parmaeshon assessed boased on B data ol power Seseap will CW
sippal [no unoerainty moguired]. DCP does nol depend on reguency o imesdia

= PAR: PAR is the Peak to Average Ratio that is not calibrated but determined bazed on the signal

characlansics
o Ay Heys Crpe Dey,e VR e A, 8, G, D are numernical inganizalon paramelars assessed based on
e data of power p for spocific modutation sigrsl. Tho gararmeslens do ol depend an gy nor

media. V7 ks the meximum calibration renge expressed in RME voliogo aoross the diodn

= ConvF and Bowndary Effect Paameters; Assessed in flal phamom using E-fald (or Temperature Transfer
Standand fior {5 800 MHz) and inside waveguido using analylical fick distributions: Basod on poeern
maasurements for > 300 MHz The seme setups are used for assesament of the parameters applied for
Baundary compansation (alpha. dapth) of which typlcal uncertainty values are given, These paramelars are
used in DASY4 software 1o improve probe accuracy close to the boundary, The sensfihvity In TSL comesponds
o NORMz,p, = * ConvF whareby the uncertainly corresponds to that givan for ConvF, A frequency dependent
CorvF is used in DASY verskn 4.4 and higher which aliows extending (he vahdity from £ 50 MHZ te 2 100
MHz

*  Sphencal isolropy (30 deviation from xatropy): in a field of kow gradients reafized using o lal phantom
exposesd by a patch anlanna.

& Sengor Offaet The sensor oftset cormespomis (0 the oflsel of vichal measuemeant center ll'ﬁmﬂmm g
{on probe axiz), Mo olesance meguined

+  Conneclor Anghe: The angle is assessed using the nformation gained by determining the NCRMx (no
unertanly required),

Cartficab Mo ESR3111_Jultd Page 2ol 11
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ES3DV3 - SN:3171 July 21, 2015

Probe ES3DV3

SN:3171

Manufactured:  January 23, 2008
Calibrated: July 21, 2015

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ES3-3171_Jul15 Page 3 of 11
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ES3DV3- SN:3171

Report No. W158R-D006

July 21, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3171

Basic Calibration Parameters

Sensor X Sensor Y SensorZ Unc (k=2)
Norm {pV/(VIm)y)* 1.06 1.20 1.19 £10.1%
DCP (mV)” 105.3 96.5 102.7
Modulation Calibration Parameters
[ Communication System Name A B c D VR Unc®
dB dBVuV d8 mV (k=2)
0 cw X 0.0 0.0 1.0 0.00 | 1903 | #3.8%
Y 0.0 0.0 1.0 2015
z 0.0 0.0 1.0 2028

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

: The uncertainties of Norm X,Y.Z do not affect lhe Ez-ﬁe_ld uncertainty inside TSL (see Pages 5 and B).

not

linearization f
£ Uncertainty is determined using the max.
field value.

q 5
from linear

ion and is

for the square of the

Certificate No: ES3-3171_Jul1s
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ES3DV3- SM:3171 July 21, 2015
DASY/EASY - Parameters of Probe: ES3DV3 - SN:3171
Calibration Parameter Determined in Head Tissue Simulating Media
e Relati Conductivity Depth © Unc
f (MHz) Permittivity ” (S/m)™ ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)

835 41.5 0.90 6.29 6.29 6.29 0.55 1.37 +12.0%

1750 40.1 1.37 5.24 5.24 5.24 0.72 1.22 +12.0%

1950 40.0 1.40 4.91 4.91 4.91 0.48 1.48 +120%
© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity
below 300 MHz is £ 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequency
validity can be extended to £ 110 MHz.
F At frequencies below 3 GHz, the wvalidity of tissue parameters (g and o) can be relaxed to £ 10% if liquid compensalion formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue p (e and o) is i to £ 5%. The inty Is the RSS of
the ConvF uncertainty for indicated target tissue parameters.
¢ Alpha/Depth are i during icn. SPEAG that the il iation due to the boundary effect after compensation is
always less than £ 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip
diameter from the boundary.
Certificate No: ES3-3171_Jul15 Page 5 of 11

EMC-003 (Rev.2)
HEAD OFFICE : 301-14 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)

EMC Testing Div.

: 307-51 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-765-8289, FAX: 82-31-766-2904)



DI'IETEEH

N Page 67 of 123 Report No. W158R-D006

ES3DV3- SN:3171 July 21, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3171

Calibration Parameter Determined in Body Tissue Simulating Media

Relati Conductivity Depth ® Unc

f(MHz)® | Permittivity” (Stm)* ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
835 56.2 0.97 5.97 5.97 5.97 0.80 114 | £12.0%
1750 53.4 1.49 4.87 4.87 4.87 0.39 182 | £12.0%
1950 53.3 1.52 4.84 4.84 4.84 0.57 146 | £120%

€ Frequency validity above 300 MHz of £ 100 MHz cniy app[lss for DASY v4.4 and hlgher {see Page 2] else :t is restricted to 50 MHz. The
uncertainty is the RSS of the CorvF 1 at and the y for the i y band. Fi idity
below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments al 30, 64, 128, 150 and 220 MHz respeclwely Above 5 GHz Irequency
vaidlly can be extended to £ 110 MHz.

F At frequencies below 3 GHz, the validity of tissue parameters (e and ) can be relaxed to + 10% if liquid compensation formula is applied to

measured SAR values. At frequencies above 3 GHz, the validity of tissue (e and a) Is restricted to + 5%. The uncertainty is the RSS of
the ConvF uncertainty for indicated target tlssue parameters.
GNpharDﬁplh are i during cali SPEAG that the ining deviation due fo the y effect after ion is

always less than £ 1% for frequencies below 3 GHz and below + 2% for frequenmes between 3-6 GHz at any dlsuanoe larger than ha]t the probe tip
diameter from the boundary.

Certificate No: ES3-3171_Jul1s Page 6 of 11
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ESI0VE- 3H31T Julkyt 21, 2005

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uneertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ESION3= SN T July 71, 2015
Receiving Pattern (¢), 8 =0°
=600 MHz, TEM f=1800 MHz R22
- :_-Y:. o l_l‘rl " : : _, BY, B n._;‘ln
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Uncertainty of Axial Isotropy Assessment: £ 0,.5% (ka2)
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ES3DV3- SN:3171 July 21, 2015

Dynamic Range f(SARpeaq)

(TEM cell , foya= 1900 MHz)

108
108
= 10
2
=]
w
5
f=%
£
10%
102
H ::i
10° 102
SAR [mWicm3]
+
not compensated compensated
1
o
=
= 0
g L
w
o
2 =7 “ i
107 - 100 108
SAR [mW/em?2]
not compensated compensated
Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ES3-3171_Jul15 Page 9 of 11
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Conversion Factor Assessment

= B35 MHZ WGLS RS (H_comf) ['= 1750 MHZ, WOLS R2Z (H_convF)

Tt ‘i

L : L] » !
; 11 g *i .'1
E 1" N

o II!

ind - | )

ap, T omr ¢ T
Deviation from Isotropy in Liquid
Error (¢, 8), T = 900 MHz

A0 0B 48 04 02 0O DI 04 0B 0B 10
Uncartainty of Spherical Isotropy Assessmant: & 2.8% (k=2)
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ES3DV3- SN:3171 July 21, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3171

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle () 105.2
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2 mm
Probe Tip to Sensor Y Calibration Point 2 mm
Probe Tip to Sensor £ Calibration Point 2 mm
Recommended Measurement Distance from Surface 3mm
Certificate No: ES3-3171_Jul15 Page 11 of 11
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< Probe : EX3DV4 - SN 3716 >
Calibration Laboratory of A a e
Schmid & Partner e Tt
it s C Service sulsse d'dtnlannage
Engineering AG Survizio srizzoro ol taratura
Zeughausstrassa 43, B004 Zurich, Switzerinnd 5 Swics Callbration Service
Accredind by B Swiss Accresitalion Sarvice (SAS) Accrediistion No.; SCS 108
The Swiss Accroditation Ssrviee Is ana of tha signslaries to the E&
Muttilsderal Agreemuent for the recognition of calitiretion certificates
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Glossary:

TSL tissupe simu Ui

HORMx.y.z sensitivity hwm :qpocn

Conmvf sansitivity in TSL  NORMa.y.z

DCP diode compression point

CF crast factor (1/duly_oycle) of the RF signal

ABCD modulation dependent linearization paramelors

Polarization g @ rotation arcund probe axis

Podarization 5 i rotation ancund an axis that is in the plane normal to probe axes (al measurament centar},
i, 8 =0 is normal to probe axis

Connecior Angle infermation used in DASY yslem to afgn probe sensor X fo the robot coordinate system

Calibration is Performed According to the Following Standards:

a) [IEEE Sid 1528-2013, "|EEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Abscrption Rale (SAR) in the Human Haad from Wireless Communications Davices: Measurement
Tochniques®, June 2013

b) |EC 62209-1, "Procadurs to messure the Spacific Abdorplion Rale (SAR) for hand-held devices used In close
proximity to the ear (Irequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

= NORM:yz Assessed for E-field potarization & =0 {f < 900 MHz in TEM-celt; f > 1800 MHz: R22 waveguide),
MORM®Y,Z are oaly iInlermediate values, Lo, the uncaraintes of NORMyx,v.z does not affect the E-field
uncafainty ingide TEL [sas below CamF),

*  NORM(fxy.x = NORMx .z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 softwars versions tater than 4.2, The uncertainty of the frequency response is included
in the stated uncartainty of ConvF,

= DCPxyx DCP are numerical linearization parsmeters assessed based on the data of power sweep with CW
signal {no uncertainty required). DCP doss not depand on frequency nor media,

= PAR:PAR is the Paak to Average Rallo that is nol calibrated bul determined based on the signal
characteristics

= Axyr Beyz Cxyr Dxyxn VRXy.r A B, C, D are numerical linearization paramaters assessed based on
ihe data of power swsep for specific madulation signal. The paramaters do not dapand on fraquenay nar
media, VR s the maximum calibration range expressed in RMS voltage across thi diode.

+  ConvF and Boundary Effect Paramelers: Assesssd in flat phantom using E-fisld (or Temperature Transfer
Standard for £ = 800 MHz) and inskde waveguide using analytical field distributions based on power
meaguraments for [ = 800 MHz. The samo setups are used for assessmant of the parameters appled (o
boundary cempensation (alpha, depih) of which typical uncertainty values are given. These parameters are
used in DASYS soffware lo improve probe accuracy close to the boundary. The sensitivity in TSL cormesponds
o NORMxy,z " ConvF whereby the uncarainly comesponds to thal given for ComdF. A frequancy depandant
ConvF is used in DASY version 4.4 and higher which allows extending the validity from = 50 MHz to £ 100
MHz.

+ Spherical lzsolropy (30 deviation fram isotropy): in a fiedd of low gradiants realized using a flat phantom
axposad by a palch anlenna.

= Sonsor Offsel The sensor offset coresponds to the offsat of virtual measurement center from the probe tip
{on probe axis). No tolerance required.

* Connector Angle: The angle is assessed using the information gained by determining the MORMy (no
uncaErtainty reqglined).
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EX30VA — SN:3T16 November 18 2014

Probe EX3DV4

SN:3716

Manufactured:  August 14, 2009
Calibrated: November 18, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system!)
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EX3IDV4=- SNIT18

November 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3716

Basic Calibration Parameters =—
Sensor X Sansor'Y Sensor I Une (k=2)
Nerm WvivmET 048 0.5 0,48 =101 %
DCP {mv]” a7.a 98.9 a7z
Medulation Calibration Parameters —
uiD Communication System Name A B [ D VR Une
dB | aBvv di my [k=2}
a W % 00 0.0 10 | 000 | 1377 | £25%
¥ oo 0.0 10 134.9
z| oo (] 10 1353

The reporied unceriainty of measuremnent is staled as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximatety 95%.

* The uncemtartes of Mamd ¥ 7 do ol affect the E--feld bncertenty insds TS1, (ses Pages 5 and §).
by ok Tegaced

¥ Muirnesical linearLoation paramiser. urcertamty

© Lincertainty i oelbnmines sty the ma deviation Smm inear response pppiing recinguian ciiibusion acd b wamssed e o squam of Se

Tk valies
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Ex30d- SME3T16 Movember 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3716

Batihrﬂﬁm Parameter Determined in Hlad Tiuun Simulating Media

i [z} © hr::m:t'y BW ConvEX | ConvEY | ConvFZ | Alpha® Dfmn ::un-czli
2450 g2 1.80 .04 B84 .94 0,54 .70 +12.0 %
5200 36.0 4.66 4,47 4497 4.97 035 1.80 £13.1%
5300 352 4,76 4,74 4 T4 4.T4 035 1.80 +13.1 %
5500 356 495 456 | ass | 458 | p3s | 180 | s131% |
5600 35.5 507 4.30 I.EE 4,30 0.35 | 1.80 =131 % !
5800 353 527 429 | 420 | 420 | oa0 | 180 | £131%

¥ Fieguency waiidity atowa 300 MHz of 2 100 MHz only apples lor DASY w4 and highes (see Pags 2}, she |8 restricied o ¢ 50 MHe. The
wncarainty i Bhe RES of the CanvF unoitasty 8 calibralion iecuency and the uncerininty lor the indicated frequency band. Finguency valdsty
Erokow 300 MHE is £ 10, 26, 40, 50 and 70 Mitr for ConvF assesaments ot 30, 84, 128, 150 and 220 MHz respeciealy. Above B GHz frsguency
waltity con ba eronckod b= 110 MHe

" A frequencies balow 3 GH. Ihe vasidity of S3sue paramelers (& and o} can be relaed 102 10% ¥ boud companaation fmmula i appled 1o
mmum#nnwmlmnuwﬁmm,_ dnrm i and o) = eslicted 1o £ 5% The uncertainty = the RSS of
uwummmm-ﬂm

= MohaDopth ae mmwmmummnmmmmmmhwwﬁwwu
ahamys lnss than = 1% for froguencies Belew 3 HZ and Dol £ 7% for freguencies babvwean 30 GHe o any dstance largar than hall ihe probe tp
dinmader rom (he bourrdary,
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EX3DN4- BN:3T16 Rowembar 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3716

Calibration Parameter Determined in Body Tissue Simulating Media

£ (MHz)© --"n:'-ﬁ‘in“t,' c«mﬂm CanvE X | CovEY | ConvEZ | Alpha® | m" )
2450 52.7 185 7.13 l 7.13 TA3 0,76 ! .58 +12.0 %
| 5200 49.0 5.30 a4t | a4 | 4a1 | oas | 100 | srary |
S300 45.9 542 422 4,22 4.-2_2 0,45 180 +13.1%
5500 485 5.65 ape | 3m0 | 3m | os0 | 100 | s131%
SE00 dB.5 | 577 385 | 385 385 0.50 1.80 £13.1%
5800 482 §.00 403 | 403 | 403 | oso | 190 | s131%

* Frequency validity shave 300 MHz of 1 100 MHz anly applios for DASY wi.4 and hgher (see Page 2), sles & restricied ko & 50 MHz The
wncartainty i i RES of Bhe CamdE unoertasty & calbeabon bacency and 1B uncenainty for the ndcaled hisguency band. Frequandy k'
bolow 300 MHz s £ 10, 25 40, 50 and 70 Mz lor ComF astesamants sl 30, 4, 128, 150 ancd 220 Mz reapectnly, Above 5 GHE baquancy
walfily can bo exionded o = 110 Mz

" M frequencies below 3 Gz, the validity of Bssue pararnetecs (o and o) can be nelaosd 12 2 10% # busd compensaton fommula is apphed 1o
mesiirEd SAR valuss A2 Ilequencies above 3 GHz, the validity of issue parametors (o and o) & restriclod fo & 5% The oncertecty & the R3S of
e CorvF urCieiainty for indecaiod agel DEsLn paramten. .

= fophaDipth ane determined duing cabbraticn . SPEAD wanmanta that B remalming devialion dug o tha booandary effect aher componsation &
nhemys heas than & 1% for reguencies belew 3 GHE and Balcw = 2% lor frecuencess between 3-6 Gz af any distance lamger than hall the probe tip
dinmaber &om iha boundary.
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Report No. W158R-D006

EX30N 4 SH3TI6

Frequency Response of E-Field

(TEM-Cell:ifi110 EXX, Waveguide: R22)

15

Ll izt

13

1.2-

LS REN SRR AR

Freguency response (normalzed)
Pt

Novembar 18, 2074

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)

Cartifichle MNo: EX3-3T16_Novid
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EX30Wa- SH:AT16 Novambar 18, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isetropy Assesamant: £ 0.5% (k=2)
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EX30M4- SM:3T16 Novesriber 18, 2014

Dynamic Range f(SAR}gaq)

(TEM call , fyyy= 1900 MHz)

Input Sigral {u/]

T T T |

o | AN
E | R R i bisker
E 9 L P B, e ot -2 = T o ¥ 7

N 4 ". { :

& i

102 102 101 108 101 102 102
SAR [mWicma)
¥ L]
it g e AaTel BAMARSE BT
Uncartainty of Linearity Assessment: £ 0.6% (k=2)
Canilicale No: EXE3T10_MNav1a Page @ af 11

EMC-003 (Rev.2)

HEAD OFFICE : 301-14 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-799-9500, FAX: 82-31-799-9599)
EMC Testing Div. : 307-51 Daessangnyeong-ri, Chowol-eup, Gwangju-si, Gyeonggi-do 464-862 Korea (TEL: 82-31-765-8289, FAX: 82-31-766-2904)



ONETECH

p— Page 82 of 123 Report No. W158R-D006

EXIDVa- SMN-3T 16 November 18, 2014

Conversion Factor Assessment

1= 2450 MHz WGLS R22 (H_convF) f = 2450 MHz WGLS R22 (M_convF)

w
. ! o
v ' e e § - pid i e
'] w " = n » = o it ' - " ~ = = -
vl * & ai i
——rw e awiaE -::d

Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz

<10 -08 08 04 02 00 02 04 DB 08 10
Uncartainty of Spherical Isetropy Assessment: £ 2.6% (k=2)
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EXIDV4- SM3TIE Movember 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3716

Other Probe Parameters

Sensor Arrangement Triangular
Connecior Angle [°) 7.3
Mechanical Surface Detection Moda enabled |
Opiical Surface Detection Mode disabied
Probe Overall Length 33T mm
Probe Body Diamoter 10 mm
Tip Length Gmm |
Tip Diarmater 2.5 mm |
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip o Sernsor ¥ Calibratlon Point Tmm
Probe Tip 10 Sensor Z Calibration Point Tmm
Recommended Massuremant Distance from Surface 1.4 mm
Cartificate No: EX3-2718_Movia Fage 11 of 11
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< Dipole Antenna : D835V2 — SN 4d172 >
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CALIBRATION CERTIFICATE

Objoct Da3sva - SN: 4d172

Cabtration procedurse) QA CAL-05.v9
Calibration procedire for dipole validation kits above 700 MHz

Galbration oato: July 10, 2014
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| The mnasummonts and e uRcarhintias with confidanca probabilty we given on the folowing pages and ore part of the ceetificale.
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Multilasteral Agreament 1o the recognition of calibration canilicaies

Glossary:

TSL fissue simulating liquid

ConvF sensilivity in TSL f NORM x.y.z
A, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Aecommended Practice for Determining the Peak Spatial-
Averagad Specific Absorption Hate (SAR) in the Human Head from Wirgless
Communications Devices: Measuremeant Techniques®, June 2013

by IEC 62208-1, "Procedure to measure the Specitic Absorption Rate (SAR) for hand-held
devices used in close proximity o the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Paramaters:

= Measurement Conditions: Furiher detalls are available from the Validation Report at the end

of the eartificata. All figures stated In the certificate are valid al the freguency indicated.

+ Aptenna Parameters with TSL: The dipole is mounted with the spacer to position its feed

point exactly below the cantar marking of the (lat phantom section, with the arms onented

parallel to the body axis.

s Feed Point Impedance and Refurn Loss: These paramatars are measured with the dipole
positioned under the liquid filled phantom. The impadance stated is transtarmed from the

measuremeni &l the SMA connector to the teed point, The Ratum Loss ensures low
reflected power. No uncertainty requirad.

s Electrical Delay: One-way delay batween the SMA connector and the anlenna feed point.

Mo uncertainty requined, .
SAR measured: SAR measured at the stated antenna inpul power.

54R 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 uncenainty of measurement
Fed by the coverage factor k=2, which for a normal distribution corresponds to 8 coverage

miLltipl
probability of appraximately 95%.
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Measurement Conditions

DASY system configuration, as far as not ghven on page 1.
DASY Version DASYS VE2 88
Extrapalation Advanzad Extrapaiation
Phantom Moddular Fint Phanbom
Distance Dipole Center - TEL 16 mm with Spacor
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency B35 MHz 2 1 MHz
Head TSL paramelers
Tha loliowing parar and caloulalions worne apphod.
Temperature Permittivity Condugtivity
Hominal Head TSL paramelers 200 41.5 18 miam
Maasured Head TSL paramaters (#2002 °C M1=28% 0.84 mho/m 2 8 %
Head TSL temperature change during test «05"C e
SAR result with Head TSL
SAR menraged over 1 em® (1 g) of Head TEL Condition
SAR maasured 250 mW input power 2.9 Wikg
SAR for nominal Heed TSL paramelers normakized to TW 9,23 Wikg = 17.0 % (ka2
AR averaged over 10 om” (10 g) of Head TSL condition
SAR measured 280 W snpuil proveie 1.55 Wikg
SAR tor norminal Head TSL parsmeatens narmallzsd to 1W 6.03 Wikg = 16.5 % (k=2)
Body TSL parameters
Th following paramatans and calculalions wers appiod.
Temparature Parmittivity Conduclivity
Nominal Body TSL parameters 22.0°C 55.2 0L87 mihadm
Measured Body TSL parameters (220=02}°C G3H=0"% 1.02 mho/m = 6 %
Body TEL temperature change during test <0.5°C e e
SAR result with Body TSL
SAR sveroged over 1 em” {1 g of Body TSL Condition
SAR moasurad 220 mW inpul powir 2.50 Whkg
SAR lor nominal Body TEL passmelens recainalized to W 6.50 Wikg = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL condition
SAR maasumed 250 mW input power 163 Wikg
SAR for noming! Body TSL paramolers normalized o 1W 6.30 Wikg = 10.5 % (k=2)
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Appendix (Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

impadance. transiommed o feed point 528102 -2.0 K2
Ratum Loss -20.9d8

Antenna Paramaters with Body TSL

Impedance, transiomaed io leed point 47.860-4.310
Raotun Loss = 26.1 dB

General Antenna Parameters and Design

Elpcirical Dty (ono dimction) | 1.393 ns |

Alter bong teom ise with 100W mosated power, only a slight warming of tha dipola naar ths fesdpoint can be measured.

Tha dipado is modg of sndard seminigid coaxial cable. Tha canter conductor of the fesding lina is directly connected o the
second arm ol the dipole. The anienna is therelom shon-circulled for DC-signale. On some of ha dipoles, emall end cape
arg added to the dipole arme in ordar to improva miaiching whan loaded secording io the position a3 explained in the
*Maasuremant Conditions” paragraph, The AR data ane not affectad by this changs. The cverall dipals langih i il
according 1o the Standand

Mo @xcessiva force must be sppied 1o the dipols ams, because they might bend or tht soldeed connections near the
Taadpoint mdy b domaged.
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DASYS Validation Repert for Head TSL

Test Laboratory: SPEAG, Zurich, Switterland

DUT: Dipole 835 MHz; Type: DEISY2; Sevial: D835V - 5N: 44172
Commumcation System: UID 0 - CW: Frequency: 835 MH:

Medium parumeters used: = 835 MHz; ¢ =0.94 8/m; & =41.1; p = 1000 kg/m’

Phaniem section: Fla Section

Meusurement Sundurd: DASYS (IHEETECIANS] C63.19-201 1)
DASY 52 Confliguration:
« Probe: ES3DV - SNI205; Convi(6.22, 622, 6.22); Calibrated: 300 12.2010°3;
« Sensor-Surface: Imm (Mechanical Surface Detection)
= Electronics: DAE4 Sn601: Calibruted: 30.04.2014
s Phantom: Flut Phaniom 4.905; Type: QDOOOPA9AA; Serinl: 1001

o DASYS2 528801222y SEMCAD X 14.6,10(7331)

Dt 10.07.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dxs3mm, dy=5mm, de=5mm
Reference Value = 56.39 Vim; Power Drift = (L01 dB
Peak SAR (extrupolated) = 3.59 Wike

SAR(D g) =239 Wikg: SAR{L0 g) = 1.55 W/kg
Maximum valve of SAR (measured) = 281 Wikg

0dB =281 Wkp =449 dBW/kp

Centibcate Mo; DEESV2-40172 Jul4 Pagh 5.of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Drate: 09.07.2014
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 835 MHz; Type: DEISVY; Serial: DEISV - SN: 44172

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

Medivm parumeters used: [= 835 MHz: o= 1,02 $/m: g, = 53.8; p= 1000 i'.g.n’m1
Phantom section; Flat Section

Measuremont Standarh; DASY S (IEEEAECAANST C63.19-2011)

DASYS2 Configuration:
= Probe: ES3DV3 - SN3205; ConyF(6.00, 6,09, 6,00), Calibrated: 30.12.2013;
«  Sensor-Surfnce: Imm (Mechanical Surface Detection)
«  Electronics: DAE4 Sn601: Calibrated: 30.04.2014
s Phamom: Fla Phantom 4,905 Type: QDODOP4SAA; Senal: 1001

«  DASYSZ 52 R8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Bedy Tissue/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7)/Cube 0:
Measurement grid; dx=5mm, dy=3mm, de=5mm

Reference Value = 5524 Vim: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.71 Wiky

SAR(D g) = 2.5 Wikg; SAR(I0 g) = 1.63 Wiky

Maximum value of SAR (measured) = 2.92 Wikg

1208 =
DdB =292 Wike =465 dBW/ke
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Impedance Measurement Plot for Body TSL
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 Splem_Widow Hep

Instead of the typical annual calibration recommended by measurement standards, longer calibration

Intervals of up to three years may be considered when it is demonstrated that the SAR target,

Impedance and return loss of a dipole have remain stable according to the following requirements.

KDB865664 requirements

a) return loss : < —20 dB, within 20 % of previous measurement

b) impedance: within 5 Q from previous measurement.

Dipole Date of Freq. Return loss
Head/Body
Antenna Measurement (MHz) (dB)
D835V2 835 —-26.1
Body July.10.2014
S/N-4d172 835 -25.9
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< Dipole Antenna : D1950V3 — SN 1156 >

Calibration Lﬂhﬂrﬂtﬂl’}t of g Schwelzarincher Kalibrisrdhensd
Schmid & Partner c Service suisse détalennage

Engineering AG Sorvizic svizters di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand %:‘ﬁ\ S Swiss Cafibration Service
Acoradited by the Swiss Accrodiiation Sarvica (SAS) Accreditation No.:: SCS 108

Thir Swins Acoreditntion Service ks one of the aignaiories to the EA
Multilateral Agresment for the recognition of calibration certificates

ciet  One-Tech (Dymstec) Gartiticass to: D1950V3-1156_Jul14
|CALIBRATION CERTIFICATE

Ot D1950V3 - SN: 1158

Calibrabion procadirsls) QA GAL*QS,‘I.I‘Q _ .
Callbration procedure for dipole validation kits ﬂhﬂvﬂ 700 MHz

Calibention date July 11, 2014

This calbiration certificnbs documents the traceabifizy (o national standards, whick reslios Bhe physical unils of moasLrema—nts (S1).
The maasrsmonts and the uncanainlies wich conficence probatity are given on he following pages and are part of the certificata.

AN cabbrations hen been condiscted in ihe cosed laboratory lacly. smircnment lsmparnlure (22 & 37°C and humidty < 70%

Calitwation Equipmen! used [MATE oritical for colitrathon)

Primary Sandards lioe Cal Dato (Corticato b, | Schduled Callbeation

Pt ot EPM-LIZA GEITARITOL 00-0ct13 (No, 217-01827) Dot-14

Pawer sersor HF 54814 USITZIETES 09-Clcs-13 (Hel 217-01827) D14

Power sansor HP BABTA WY 41002317 00-0xt-13 (No, ZAT-01828) Det-14

Flidurmncs 20 df Ananuator S 5058 (20K) 03 Apr-14 [No. 217-01918) Ape-15

Type-N mismalch combsention | SAE BO4T.2 /06327 03-Apr-14 (No, 217-01021) Apreis

Pstiarcs Probe ES30VA SN 2705 30-Dec-13 (0. ES3-3205 Dec13) Dac-14

DMEL | SM: BN A0-Ape-14 [ho. DAES-801_Apeid) Apr1S

Secondary Standards [Ios Check Date (in house) Sehaguied Cheok

RF gonarator FAS SWT-08 1D000E 04-Auag-00 [in house ehack Oot-13) In housa check: Dol-16

Hataork Angtyzor HP 87538 LES3TIB0EA5 542068 18-Dct-01 {in housa check Oct-13} In houss chack: Oct-14
ame Function Sagnatum

Cabraled by Michasl Webar Lakaeatnsy Tachaician

Approved by Kalfa Pokovic Tachnical Manager W

Issumd: Juhy 14, 2014
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Calibration Laboratory of

i Schweirerischer Kalibrierdienst
Schrid & Pariner Service suisse d'élalonmage
Enginaering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zusich, Switzerland Ewins Calibeatlion Service
Arcrodfnd by the Swiss Accreditntion Serdce (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of Ihe sigratodies 1o the EA
Multilateral Agreemant for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NOBM x,y,z
NAA not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) KDB 865664, “SAR Measurement Reguirements for 100 MHz o 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

« Elactrical Deiay: 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 nomalized: SAR as measured, normalized to an input power of 1 W at the antenna
connhector.

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds lo a coverage
probability of approximately 85%.

Cortficale No: D 850V3-1168_Jull4 Page 2 ot 8
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Measurement Conditions
DASY sysiem configuration, a5 far &3 not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapalation
Phantom Moduar Fist Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy, dz =5 mm
Frequency 1850 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations wera applisd,
Temperature Permittivity Conductivity
MNominal Head TSL parameters 20°C 40.0 1.40 mha'm
Meoasurad Head TSL parameters (22.040.2) *C 3WI£E6% 143 mho/m 6%
Head TSL temperature change during test =0.5°C e =
SAR result with Head TSL
SAR averagad over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

10.5 Wikg

SAR lor nominal Head TSL paramatars

normalized to 1W

41.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition

SAR measurad

250 mW imput powar

5.44 Wikg

SAR far nominal Head TSL parameaters

normalized to 1W

21.5 Wikg =2 16.5 % (k=2)

Body TSL parameters
The lollewing paramsters and calculations ware apolied.
Temperature Parmittivity Canduetivity
HNominal Body TSL parameters 220°C 53.3 1.52 mha'm
Measured Body TSL parameters (22.0 0.2} "G 523x6% 1.56mhoimz= &%
Body T5L temperalure change during test =05°"C w-ae -
SAR result with Body TSL
SAR averaged over 1 em” (1 g} of Body TSL Candition
SAR measured 250 mW mpul power 9.97 Wikg

SAR for nominal Body TSL paramalers

normialized lo 1V

39,1 Wikg = 17.0 % (k=)

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

SAR measured

250 mWW Inpul powas

5.20 Wikg

SAR for nomenal Bady TSL parametass

normalized to 1W

20.6 Wikg = 16.5 % (k=2)

Cartificate Mo, D1950V3-1158 _Jul1d
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Appendix {(Additional assessments outside the scope of SC5108)
Antenna Parameters with Head TSL

Impadance, transfarmed to leed point 481 01- 130
Retum Loas -36.2 dB8

Antenna Parameters with Body TSL

Impadance. transformad to fead point 4551} 1.5}
Returmn Loss - 26.1 dB

General Antenna Parameters and Design

| Electrical Delay (ono direction) | 1188 ns

Atter bong term use with 100W madiated power, only a shght warming of ihe dipole near the leedpoint can ba meazurad.

Tha dipade is made of standand semirgid coaxial cable, The center conducior of tha feading ling is direetly connoecied io (he
second am ol the dipole. The antenna is therafora short-circuiled for DC-signals. On some of thi dipoles, small end caps
are added to he dipole amms In order fo improve matching whan boadaed according 1o the position as explained in the
“Measurement Conditions® paragraph. The SAR data are not affectad by this change, The overall dipola length s still
according 1o the Standarnd.

Mo axcassive force must be applied to the dipols arms, becausa thay might band or the soldered connactions near the
feadpoint may be damaped.

Additional EUT Data
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DASYS Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1950 MHz; Type: D1950V3: Serial: DI950V3 - SN: 1156

Communication System; UID 0 - CW: Frequeney: 1950 MHz

Medium parameters used: = 1950 MHz; 6 = 1.43 S/m; &, = 39.3; p = 1000 kg/m’
Phantom section: Flal Section

Measurerment Standard: DASYS (IEEE/NECYANST C63,19-201 1)

DASYS2 Configuration:

L]

Probe: BS3DV3 - SN1205; ConvF(4.92, 4.92, 4.92): Calibrated; 30.12.2013:

Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibruled: 30.04.2014

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA: Serial: 1001
DASYS2 52.8 8(1222); SEMCAD X 14.6.10(7331)

Date: 11.07.2014

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (TXTxT)Cube 0;
Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 100.3 Vim; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 19.1 Wikg

SAR(I g) = 10.5 Wikg: SAR(10 g) = 5.44 W/ikg
Maximum value of SAR (measurcd) = 13.4 Wikg

T
180
tE
BLLELL]
e
LT ] oy
0dB =134 Wike = 11.27 dBW/kg
Conifcate MNo: D1850V3-1156_Jull4 FEIgEI S5oflB
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 1 1L.07.2014

Test Lobormtory: SPEAG, Zurich, Switzerland

DUT: Dipole 1950 MHz; Type: D1950V3; Serial: D1930V3 - SN: 1156

Communication System: UTD 0 - CW; Frequency: 1950 MHz :
Medium parameters used: [= 1950 MHz; o = 1.56 S/m: £, =52.3: p = 1000 kg/m
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMEC/ANS] CH3.19-2011)

DASYS52 Configurntion:

Probe: ES3DV3 - SN3205; ConvFi4.78, 4.78, 4.78); Calibrated: 30.12.2013;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electranics: DAEA Snb01; Calibrated: 30.04.2014

Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002
DASYS2 52.8.8{1222); SEMCAD X 14.6.10{7331)

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

Reference Value = 94,21 Vim; Power Drift = 0.01 dB

Peuk SAR (extrapolaed) = 17.6 W/ikg

SAR(1 g) = 9.97 Wikg; SAR(10 g) = 5.2 Wikg

Maximum value of SAR (measured) = 12.7 Wikg

i

]

BT

150

Va0

S L]

108 ]

0dB =127 Wikg = | L04 dBW/kg
Cortilicale No: D1850V3-1156_Julid Page 7 of A
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Impedance Measurement Plot for Body TSL
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* Justification for Extended SAR Dipole Calibrations

Instead of the typical annual calibration recommended by measurement standards, longer calibration

Intervals of up to three years may be considered when it is demonstrated that the SAR target,

Impedance and return loss of a dipole have remain stable according to the following requirements.

KDB865664 requirements

a) return loss : < —20 dB, within 20 % of previous measurement

b) impedance: within 5 Q from previous measurement.

Dipole Date of Freq. Return loss
Head/Body
Antenna Measurement (MHz) (dB)
D1950V3 1 950 —26.1
Body July.11.2014
S/N-1156 1 950 -27.0
EMC-003 (Rev.2)
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< Dipole Antenna : D2450V2 — SN 923 >

M

Calibration Laboratory of K\xiéé;;,

Schmid & Partner e
Engineearing AG M

Zoughaussirassn 43, 8004 Zurlah, Switzariand S

Accradited by thie Swiss Accraditalion Serbce (BAS)
The Swiss Accraditntion Service is one of the signatorkes 1o the EA
Multilateral Agreament for the recognition of calibration certificates

5 Sehweizerischer Kalibrierdienst

c Bervice suisas d'dtalonnage
Servizio svizzero di taratura

5 Swiss Callbration Servica

Accreditation No.: SCS 108

cient  One-Tech (Dymstec)

Certificate No: D2450V2-823 Nov13

|CALIBRATION CERTIFICATE |

D2450V2 - SN: 923

Objest

Calibation dala:

Gadbrtion procedureds)

QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Movember 13, 2043

Calibration Equipmeed used (METE crifical lor calbration]

Thie calibration certdicate documants the traceabllity to national standards, whsh realire the physicel onits of meesuremsnts (S1).
The measuremenis and the wcertainlies wilh confidence probabdily are gven on the lollowing pages and are past of the cartificate.

Al calibmtions have besn conducbad i the closed Isharsiory facity: environment lempareiune (22 <+ 3)°C end humidity < 705

Primary Standards o # Cal Deta (Cartificata Ma. | Schedulad Callbration

Power matar EPM=-4424 GEITABOTO4 08-0et-13 {MNa. 217-D1827) Oca-14

Power sensor HP 84814 US3I72927ES 08-0ct-13 {Ma. 21 7-01827) Oct-1a

Powar gensar HP B2ETA Mya1mE2s T 09-Cies-13 Mo, 21701828 Dci-14

Rédarance 20 dB Atlerasbor Sh: 5058 (20k) OdApr-13 (Mo, 21 701 T58) Apr-i4

I'ype-# mismetch combimaton 5M; G047 21 327 Oed-Apr-13 {Ma. 21701733 Apr-14

Redarenca Pmbe ES30VA SH: 3205 2B-Dec-12 (Mo ES3-3205_Dac1 2) Disc13

DAES SN: 601 25-Apr-13 (Mo, DAE4-EB01_Apr13) Agr-14

Secondary Slandams I & Chach Crala {in house) Scheduled Chaok

AF generator HAS SMT-06 100005 {W-Aug-83 {in howuse check Oct-13) In house check: Q=15

Mabhwork Anabyrer HP 8753E US57300585 54206 18-0c-01 (n house chack Cal-13) In house check: Cct-14
MNama Funetion Signature

Calibratad by: lerae El-Masug Labgratory Techmican O £t

Appraved by: Katja Pokovic: Techrmal Mansper

LA

lnsamd: Movermbsar 13, 2043
This callbration cenfficate shall not be reprodiced exoeat in fll withau | witien approved of the lnbaratony.

Corficate No: DR4BOV.033. Nov| 3
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Calibration Laboratory of
Schmid & Partner

Enginsering AG
Zeughausstrasee 43, G004 Zurich, Switrerland

Schweizerischar Kalibrierdienst
Servics suisse ddtalonnage
Servizio svizzero di laratura
Swiss Calibration Service

Aocredited by tha Swiss Accreditation Sarvies [SA5) Accreditation Ne.: SCS 108
The Swiss Accreditation Service is ohe of the signatories to the EA
Mutbtilateral Agreement for The recognition of calibration cerfilicxles

Glossary:

TSL tiszue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

b) IEC 62208-1, "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

o) KDB B65664, “SAR Measurement Requirements for 100 MHz to 6§ GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

s Antenna Parameters with T5L; The dipole is mounted with the spacer to position its feed
point exactly below the caenter marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

s SAR for nomina! TSL parametars: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measureament
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Cerificate No: D2450V2-823_Naw13d Page 2ot B
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Measurement Conditions

DASY systam configuration, as far as not given on page 1.
DASY Version DASYS VB2.B.7
Extrapolation Advanced Extrapalation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm wilh Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following paramaters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 22.0°C 49.2 1.80 mhaodm
Measured Head TSL parameters {220+ 0.2)°C 387 +6% 1.84 mho/m + 6%
Head TSL temperature ehange during teat <050 e —
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured

250 W inpul power

13.2 Wikg

SAR for neminal Head TSL parameters

nomalized to TW

52.4 Wikg = 17.0 % (k=2}

SAR averaged over 10 em” (10 g} of Head TSL condition

SAR measurad

250 mYW input power

612 Wik

SAR for nominal Head TSL paramaters

normallzed to 1W

24.4 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parametars and calculations were applied.

Temperaturs Permittivity Conductivity
Wominal Body TSL parameters 20 52.7 1.85 mibw'm
Measured Body TSL paramelers (22.0 £0.2)C 52 x6% 2.02 miho/m + 8 %
Body TSL temperature change during test =05°C = ~~—
SAR result with Body TSL
[ SAR averaged over 1 cm” {1 g) of Body TSL Condition
3AH measured 250 mW input power 12:9 Wiy

SAF for nominal Body TSL paramalars

namElized o 1W

50,6 Wikg = 17.0 % (k=2)

SAR averaged over 10 em® {10 g} of Body TSL condition
SAH measured 250 mW inpul powes 5.98 Wikn
SAR Tor nominal Body TSL paramaters namalized to AW 23.7 Wikg-+ 16.5 % (k=2)
Carfificate No: D2450V2-023_MNovi3 Page 3 of &
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Appendix
Antenna Parameters with Head TSL

Impedanca, transiormed to fead painl 63811+ D4

FAetum Loss - 26,8 dB
Antenna Parameters with Body TSL

impedance, transformed ta feed point | 4080+180

Hetwm Lass ] - 34.1 dB

General Antenna Parameters and Design

Electrical Detay (one direction) 1.158 ns

After long tenm use with 100W radisted powar, only & slight warming of the dipoia near tha leedpaint can be measured,

The dipole is made of standard semislald coaxial cabla. The center canducion of the feading lne is |:_i'|rac:t11.- connected to the
second amm of the dipole. The antenna is therefora short-circuited for DC-signale. O some of the dlpoles._sma!l end oaps
aie added to the dipale arma in order 1o improve malching when loadad according 0 the position as explained in the
“Massuremant Conditions” paragraph. The SAR data are not affected by this change. The cuarall digole length is still
according to the Standard.

Mo excassive force must be applied to the dipole arms, bacause they might bend or the soldered connactions near he
feedpoint may be damaged,

Additional EUT Data

Manulfasturad by SPEAG
Manutactured on Saptember 26, 2013
Cenlficals Mo: DRA50V2-923_Nov13 Page 4.0l 8
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DASYS Validation Report for Head TSL

Dates 13.11:2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 923

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

Medium parameters used; f = 2450 MHz; o = .84 Sfm; &= 39.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEJAEC/ANS] Ca3.19-2007)

DASYS2 Configuration:
& Probe: ES3DV3 - SN3205; ConvE(4.52, 4.52, 4.52); Calibrated: 25.12.2012;
= Sensor-Surface: Imm (Mechanical Surface Delection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phontom: Flat Phantom 5.0 {front); Type: QDOOOPI0AA; Serial: 1001

« DASYS2S52.8.T7(1137): SEMCAD X 14.6.10(7164)

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

Reference Value = 98.97 Vim; Power Diift = 0.07 dB

Peak SAR (extrapolated) = 27.5 Wikg

SARI(I g) = 13.2 Wikg: SAR(10 g) =612 W/kg

Maximum volue of SAR (measured) = 6.8 Wik

-5.60

-1d.40

19,40

-4.80

0dB = 16,8 Wikg = 12.25 dBW/kg

Ceriificate No: D2450VE-I23_Mov13 Fage 50l 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.11.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450%V2; Serial: D2450V2 - SN: 923

Communication System: UID 0 - CW; Frequency: 2450 MHz )
Medium parameters used: f=2450 MHzy a0 =2.02 Sfin: &= 52,1 p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standand; DASYS (IEEEAEC/ANST CA3. 1 9-2007)
DASY 52 Configosation:
« Probe: ES3DV3 -SN3205: ConvF(4.42, 4.42, 442y Calibrated: 28.12.2012;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn6t]: Calibrated: 25.04.2013
+  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSRAA; Serial: 1002
o DASYS252.8.7(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, dy=5mm, dz=5mm

Reference Valoe = 94.525 YVim; Power Dinft = -0.00 dB

Peak SAR (extrapolated) = 27.0 Wiks

SAR(L g)=12.9 Wikg; SAR(10 g) = 5.98 W/kg

Maximutn value of SAR (measured) = 17.0 Wika

S5

-0

-24.00

0.dB = 17.0 Wkg = 12.30 dBW/ke

Conlficate No: D2450M2-023Mow13 Page 7of 8
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Impedance Measurement Plot for Body TSL
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* Justification for Extended SAR Dipole Calibrations
Instead of the typical annual calibration recommended by measurement standards, longer calibration
Intervals of up to three years may be considered when it is demonstrated that the SAR target,

Impedance and return loss of a dipole have remain stable according to the following requirements.

KDB865664 requirements
c) return loss : < =20 dB, within 20 % of previous measurement

d) impedance: within 5 Q from previous measurement.

Dipole Date of Freq. Return loss
Head/Body
Antenna Measurement (MHz) (dB)
D2450V2 2 450 -34.1
Body Mar.20.2014
S/N-923 2 450 -32.6

EMC-003 (Rev.2)
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< Dielectric Probe : DAK-3.5 SN 1140 >

Calibration Laboratory of S8, g Schwetzarischer Kalibriardienst
Schmid & Partner Eo— G Serviee sulsze détalonnage

Engineering AG = o Sarvizio svizzers dl taraturn
Zeughsusstrasse 43, 2004 Zurich, Switzarland ’Qﬁ 5  Swixa Callbration Service
Azcrodited by the Swias Accroditafion Sarvice [SAS) Aceraditation No.: SCS 108

The Swiss Accredilation Service iz ana of tha signatories Lo tha EA
Mubtilateral Agreament for the recognition of callbration cartificates

cieni  One-Tech (Dymstec) ‘Gertificate No: OCP-DAK3.5-1140_Novid
CALIBRATION CERTIFICATE _|
Otjoct DAK-3.5 - SN: 1140

Cabbralion proceduns{a) QA CAL-33.v2

Calibration of diglectric paramater probes

Calibrlion date November 11, 2014

This eaiibmtion cortlficals documents tha taceabiity by nations! slandands, which realize the physical unis of measurements (51)
This mpasursnants and (he Lncorsnbes with confidence probabiity ane given on thi following pages and are pan of the cerificale.

Al eslibralionis honve beon conducied i i closs:s Iabontony facility: envimament ismperbure (22 £ 37°C snd humidity < T0%.

Calibration Equapmant used (METE crilicsl for caliagion|

PrimaryStandarss  |o® Cal Data (Certificate No.) __ |Schoduled Cattration
OCP DAK-3.5 (weghied) SN 1203 7.0ci-14 (OGP-DAKS, 5-1203_Oictid) Oct-15
Socondary Starianis 1 Chisck Diats (in howso) | Behwiuled Chisck
‘Fhde & Schwears ZVASD To170 10-Jun-14 {in housk chack Jun14] Jun15
Digital Thermomeder DTMI000 2148 D4-Api-14 [DTM-2148_Agrid) A1k
Maelhanal 20.0% Typa J4BED STBC1435Y 18-Aug-14 (bottle opened, check Aug-14} Ape-15
Hiaa Liquid, HSL U12 1212041 15-Agwe14 (i house check Apr-14) Apr-1%
0,1 mokil. Hall sclution Type 35275 | SZEA28AD | 15-Ape-14 fin houss chack Agr-14) Apr-15
0,015 ol MaCl solution 1204271 15-Ape-14 (in house check Apr-14d) Apr-15
Hend Gut, 5L AGH UTT AA 120422 15-Apr-14 {in house chack Ape-14) Apr15
Salid Subatrals AKD 15-Api-14 in hocss chack Apr.14) Apr15
Mame Funclian Sinariun

: Ferens Maran Extamal Expen r e

Calisrabed by: LIl i 1 H M

| Approved by: Kalja Polkovic Techmecal Manager %ﬁf:

| Menmibea 11, 2074

This cabbrtion cerificate shall nat bo raproduced sxoept in Full wiingut witlen apprenl of the sborabory.
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Dascription of the dislectric proba

Diglectric probes are used (o measure the dislectric parameters of lissus simulating media in a wide
frequency range. The complex parmittivity £, = (£'ey) - j{e"/eg) is determined from the S parameters
measured with a vector natwork analyzer (VNA) with software specific to the probe type. The
parameters of interast a.g. in standards [1, 2, 3] and for other applications are presented are calculated
as follows: :

(Relative) permittivity £* (real part of £, = (£'s) - [(£7ey) where £, = B.B54 pFim is the permitlivity in free
spaca)

Conductivity o = 2 fe” gy,

Loss Tangent = (£™/c')

The OCP (open ended coaxial) 18 a cut off section of 50 Ohm transmission line, similar to the system
described in [1, 2, 3, 5], used for contact measurament The material is measured either by touching the
probe to the surface of a solidigelly or by immersing it into a liguid media. The eleciromagnetic fields at the
probe end fringe into the material 1o be measured, and its parameters are determined from the change of
tha 5, parameters. With larger diameter of the dielecirics, the proba can be used down to lowar
frequencies,

The flange surrounding the active area shapes the near field similar o a sami-infinite geometry and is
inserted fully into the measured lossy liquid,
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The probe is connected with a phase and amplitude stable cabla to a VNA which s then calibrated with

Open, Short and a Liquid with well-known parameters.

g;bpans in the setup influencing the amplitude and phase of the signal are important and shall remain
.

Handling of the item

Before usage, the active probe area has to be cleanad from any material residuals potentially
contaminating the reference standards. The metal and dielectric surlace must be profacted o keep the
precision of the critical mechanical dimensions. The connector and cabla quality are critical, any
movemenis between calibration and measurement shall be avoided.

Thee temperature must be stable and must nol differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric prabe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solid/solid material), Becausa the
standard calibration in step 3 is eritical for the results in steps 4 to B, the sequenca 3 1o 8 is repeated 3
limes. As a resull, the resull from these 3 sets is represented.

1. Configuration and mechanical / aplical status.

2. Measuremen| resolution is 5 MHZ from 10 to 300 MHz, 50 MHz from 300 to 6000 MHz and 250 MHz
from 6 to 20 GHz,

3. Standard calibration uses Air / Shart / Liquid. 1 liter liquid quantity is used ta reduce the influsnce the
reflections. The liquid type is selected depending on the lowest frequency and probe diameter:

DAK-1.2, DAK-3.5, Agilent OCP: de-lonized water (approx. 22 =)
DAK-12: saline solution with static conductivity 1 S/im {approx. 22 °C)
NPL OCP: pure ethanol (approx. 22 °C)

4. The cable used in the setup stays in a fixed position, La. the probe Is fixed and meaasuring from the
top in an angle of lyp. 20° from the vertical axis. For DAK and Agllent probes, the refresh funclion
(air standard) is used previous to the Individual measurements in order to compensale for possible
deviations from cable movements. After insertion of the probe inta a liguid, the possible air bubbles
are remaoved from the active surface:

5. Measurement of multiple shorts if not already avallable from the calibration in the previous slep
(MPL). Evaluation of the deviation from the previous calibration short with graphical representation of
the complex quantilies and magnilude over the frequency range. The specific probe shart will be
used if provided. This assessment shows ability to define a short circuit at the end of the probe for
the VMNA calibration in the setup which is essential at high frequencies and depends on the probe
surface qualily,

6. Measurement of validation liquids in a quantity of 1 liter a1 well defined temperature. Evaluation of
the deviations from the target. The targeis base on traceable data from reference sources. The
deviation of the measurement is graphically presented for permitiivity and conductivity (for lossy
liquids) ar loss tangent (for low losses at low frequencies),

7. Measurement of lossy liquids In a quantity of 1 liter at well defined temperature. Head tissue
simulating liquid or saline salution with 0.5 Sim stalic conductivity are representative. The larget dala
basa on lraceable data from reference sources or from muliple measuremeants with precision
reference probes or different evaluations such as transmission line or slotted line methods.
Evaluation of the deviation from the target and graphical representation for permittivity and
conducivity over the frequency range

8. Semi-solid / solid material calibration:

Measurements of an elastic lossy broadband semi-salid gel with paramelers close 1o the head tissus
target. Measurements of a planar very low loss solid microwave-substrate, The average of 4
measurements of the same sample at different location is shown as a single resull. The deviation of
the permittivity and conductivily from the reference data is evaluated,

Measurements of a planar very low Ioss solid microwave-substrate. The average of 4 measurements
of the same sample al different location is shown as a single resull. The relative devialion of the
permitiivity and the absolute deviation of the loss tangent is evaluated,

The targets base on mulliple measurements (on the same malerial batch at identical tempearaliire)
on canvext and planar surfaces with precision reference OGP,
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10.

1.

The measurement on semi-solid £ solid materials is sensitive to the quality and planarity of the proba
conlact area, such as air gaps due 1o imperfact probes (resulting lower permiltivity values),

Table for the probe uncertainty: The uncerainty of the probe depending on probe type, size, material
parameter range and frequency s givan in a table. It represents the best measurement capability of
the specific probe but does nol includa the material (deviation from the targel values).

Appendix with detailed results of all measuremants with the uncerainties for the specific
measurement. In addition to the probe uncertainly (see above), il includes the uncedainty of the
reference material used for the measuramant. A =t of results from independent calibrations
represents the capability of the setup and he lossy materials used, including the precision of the
measured material and 1he influence of temperature deviations. Temperature and operator influence
was minimized and gives a good indication of the achievable repeatability of a measurament.
Summary assessment of the measured deviations and detailed comments if not typical for the probe

type.

Dielectric probe Identification and configuration data
[tem description

Further seltings VNA bandwidth selting: 50 Hz
Accessories
Cable Huber & Suhner Sucoflex 404, SN: 1695, length 1 m,
PC35npeg —PC35neq.
Short DAK-3.5 shorting block, type SM DAK 200 BA

Additional itermns used during measuramants

Probe type OCP ﬂ;mnﬁad coaxial probe

Probe name aP Digleciric Assessmeant Kit DAK-3.5
Type No SM DAK 040 CA

Sarial Mo 1140

Descriplicn Cpen-ended coaxial probe with flange

Flange diameater: 19.0 mm
Dialectric diameter: 3.5 mm
Material: stainless stes!

Connector 1 PC 3.5 pos.

Software version DAK Measurament Solver 1.12.356.11
Calibration Type: Alr [ short [ water (set to measured water tamp.)
Probe type: "DAK3.5" (software setfing)

Contact area covered with cleaned Cu stripe

Adapter 1 PC3.5 pos. = PC2.4 (VNA side]
Adapler 2 PC35 pos. — PCA5 neq. (probe side)
Maotes

Before the: calibration, the connectors of the probe and cable were inspected and cleaned
Probe visual inspection: according to requiremants
Short inspection: according (o the requiremeants
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Probe Uncertainty
The following tables provide material and frequency spacific uncertainties (k=2) for the dielectric probe. Th
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncerlainties of
«  probe system
= possible systemalic errors due lo the design
+ calibration
. Viﬁﬁ};p&m&:m differences during the calibration and measuremenis, as described,
- nol
Apart from the material used for the calibration (de-ionized water), material uncertainties of the reference
materials used during the measurament In Appendix A are not included in these tables.
"DAK-3.5
| Permittivity range Frequancy range (slgma / LT range) Unc. (k=2)
1-15 10 MHz - 20 MHz -
20 MHz - 200 MHz =
200 MHz - 3 GHz BEAE] 2.4%
3GHz-6 GHz [T<01 20%
6'GHz - 20 GHz LT=0A1 2.1%
10— 40 10 MHz - 20 MHz
20 I'.l'lliz - 200 MHz 2l
200 MHz - 3 GHz sigma: 1— 10 S/m 1.9%
3 GHz - 6 GHz sigma : 1= 10 5/m - 23%
B GHz - 20 GHz sigma > 10 S/m 5%
35-100 | 10 MHz - 20 MHz —
20 MHz - 200 MHz aea
- 200 MHz - 3 GHz sigma: 1 —10 S/m 1.8%
3 GHz - 6 GHz sigma 1 - 10 S/m 1.9%
B GHz - 20 GHz sigma = 10 Sim 24%
Canductivity range [Sim) Frequency range {epsilon / LT range) | Unc. (k=2)
1-10 10 MHz - 20 MHz E—
20 MHz - 200 MHz -
200 MHz - 3 GHz eps :35- 100 2.T%
. 3GHz-6GHz eps : 35 - 100 3.0%
6 GHz - 20 GHz eps : 10 - 40 30%
Loss langant range Fraquency range (epsilon /LT range) Unc. (k=2)
=01 10 MHz - 20 MHz - 1
20 MHz - 200 MHz - |
Z00 MHz - 3 GHz eps; 1-15 0.03 |
3GHz-6 GHz Teps:1-15 0.03 i
6 GHz - 20 GHz eps:1-15 0.03
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Calibration Results

Uncertainty limits (k=2) for the material measuremants in tha figuras of Appendix A are re

[ I presented with
red dashed lines, These uncerainlies contain - in addition o proba uncerlainty - the uncertainty of the
material target parameter determination.

The measurements show the results obtained from independent calibrations for the same matertal. The
differences between the individual measurement curves give therefore an indication for the obtainable
repeatability and shall lie within the uncertainties stated in the tables.

Materfals for DAK-3.5 calibration:
Appendix A with curves for Methanol, HSL, and 0.05 moll. MaCl solution (200 MHz - i
GHz), HS gef and low loss solid substrate ang optional, E oy SR
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Appendix A: Detalled Results

A1 Probe appearance and calibration sequence
A1.1 Appearance

The OCP appearance is fully according to the expectations:
= the flange surface is intact

A1.2 Calibration sequence

The following sequence was repeated 3 times in the low frequency range from 200 - 300 MHz in 5 MHz
steps and in the high frequency range from 300 to 6000 MHz in 50 MHz steps, and from 6 GHz to 20 GHz

in 250 MHz steps.
= Ajr
= Shor 1 short, then immediate verification with a second shor (with eventual repetition)

= ‘Water De-lonized water, temperature measured and set in the software (for DAK-12 0.1 moliL
saline solution, tlemperature measured and et in the software)

= Methanol Pure methanol, temperature measured and set in the software

* Liquids  Measurement of further liquids (e.g. Head lissue simulating liquid and 0.05 molfi saling)

* Cleaning Prabe washed with water and isopropanol at the end of the sequence.

* Shorts 4 additional separate short measurements 1o determine the deviation from the original

* Refresh Refresh with Air

= Saolid 4 mparatre salid low foss planar subsirate measurements to delermine one average
(optional)

= Semisolid 4 separate head gel measurements on fresh intact surface to determine one average
{optional)

= Cleaning Probe washed with water and isopropanal at the end of the sequance

Evaluation of the addilienal shorts from the calibrated (ideal) short point at the left edge of the Smith Chart,
represented as magnitude over the frequency range (fig. 2.1.x) and in polar representation (fig. 2.2 .x),

Evaluation of the Liquld measuremants and representation of the permitiivity and conductivity deviation
from their reference data at lhe measurement temperature. The rasults of aach of the 3 calibrations is
shown in the appendix for each material (fig. 3f7) in black, red, blue, The red dashed line shows the
uncertainly of the reference malerial parameter datarmination,

Evaluation of the Semisolid measuremenis (optional) by representing the 3 average deviations {each
resulting fram the 4 separate measurements per set), equivalent to the liquid measurement,
Representation of the parmittivity and conductivity deviation fram their reference data at the nominal
lemperature,

Evaluation of the Solid measuremenis (optional) by representing the 3 average daviations {cach resulting
from the 4 separate measurements per set), equivalent to the liquid measurement. Representation of the
parmittivity deviation from their reference data and the loss tangent at the naminal temperature.
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A2  Short residual magnitudes

After each of the 3 calibrations with a single short (s per the DAK software), 4 additional separata, short
measurements ware performed after the liguid measurements and evaluated from the 511 data. The
residuals in the graphs represent the deviation from the ideal short point on the polar representation on the
VMNA scraan.

i DAY | — — l
] i Kl (] =1 LH] " w 8 )
Pregesscy {6

Fig. 2.1a Magnilude of the residual of the shorls, 200 MHz — 20 GHz, after calibration a)

e e

Fig. 2.1b Magnilude of the residual of the shorts, 200 MHz - 20 GHz. after calibration b)

Fig. 2.1¢ Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration ¢)
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Fig. 2.2a-c  Complex representation of the residuals of the shorts, 200 MHz - 20 GHz,
after calibrations a)-b) in the top and c) in the bottom

All ghorts have good quality. Some minor deviations might be visible from contact quality {left - right).
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A3 Methanol
Methanol (99.9% pure) was measured ai a temperature of 22 +/- 2 "C. The liquid lemperature was
stabiiized within 0.05 *C of ihe desired temperature. Deviations are presented relative to the nominal

material parameters at this temperature. calculated from MPL data for this temperature,

Fig. 3.1

Fig. 3.2

Parmithiny devistion
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Froguesey (GHz)

Methanal permiltivity deviation from target, 200 MHz - 20 GHz

Fraquency [GHz)

Methanol conductivity deviation from target, 200 MHz = 20 GHz

Conductivity error can be high at low frequencies dug to the low absolute conductivity values
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A4 Head Tissue

Broadband head simulating liquid was measured al a temperature of 22 +/- 2 *C. The liguid temperalura
was stabilized within 0.05 “C of {he desired temparature. Deviations are presenied relative o the refercnce
data for this material. Those parameaters have been evaluated from multiple measuraments on the used
bath with precision reference OCP and further methods.

Parmiliify shrviation
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Fig. 4.1 HSL permittivity devialion from target, 200 MHz — 20 GHz
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Fig. 4.2 HSL conductivity deviation from targel, 200 MHz — 20 GHz
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A5 0.05 molll NaCl solution

0.05 mol/L NaCl [ water solution has a static conductivity of 0.5 S/m, similar to MRI HCL (High Conductivity
Liquid}. It was measured at a temperature of 22 +/- 2 *C. The liquid temperature was stabilized within 0.05
°C of the desired temperature. Daviations ara presented relative 1o the referance data far this material,
These parameters have been derived from the thearetical model according to [7], matched to the
measurements from reference probes and other sources,

A quantity of 1 liter was used for the measurement.

Posmitthvity devistion
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£ ] P . 8 w0 7 1 ® " £
§ I e e e |
L
e [— e S
A% —_— 1
A% = —
Frequinay (BHz]
Fig. 5.1 0.05 malL solution permitlivity deviation from target, 200 MHz — 20 GHz
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P
A% =
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Fig. 5.2 0,05 molL salution conductivity deviation from target, 200 MHz - 20 GHz
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Appendix B:  Nominal paramelers of reference materials used for calibration

P ity of reference
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Fig. B.1 Pearmittivity of referance materials
w Conductivity of reference materials
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Fig.B.2 Conductivity of reference materials
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Fig. B.3 Loss tangent of reference materials
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