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The following samples were submitted and identified on behalf of the client as:
Equipment Under Test Intraoral scope
Brand Name QOCA
Model No. Q-tube-l
Company Name Quanta Computer Inc.
Company Address No.188, Wenhua 2nd Rd., Guishan Dist., Taoyuan City
333, Taiwan
Standards IEEE /ANSI C95.1 , C95.3, IEEE 1528,

KDB447498D01v06,KDB248227D01v02r02,
KDB865664D01v01r04, KDB865664D02v01r02

FCCID WS2-WG7831DELF

Date of Receipt Mar. 01, 2016

Date of Test(s) Mar. 23, 2016

Date of Issue May. 04, 2016

In the configuration tested, the EUT complied with the standards specified above.
Remarks:

This report details the results of the testing carried out on one sample, the results contained in this test
report do not relate to other samples of the same product. The manufacturer should ensure that all products in
series production are in conformity with the product sample detailed in this report.

This report may only be reproduced and distributed in full. If the product in this report is used in any
configuration other than that detailed in the report, the manufacturer must ensure the new system complies
with all relevant standards. Any mention of SGS Taiwan Electronic & Communication Laboratory or testing
done by SGS Taiwan Electronic & Communication Laboratory in connection with distribution or use of the
product described in this report must be approved by SGS Taiwan Electronic & Communication Laboratory in

writing.
Signed on behalf of SGS
Sr. Engineer Supervisor
)
144 A’ . vgc Lk Vivang

,I.L'Iﬁ?'l'-l"': P Mo . &
Matt Kuo !/ Ricky Huang
Date: May. 04, 2016 Date: May. 04, 2016
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Revision History

Report Number Revision Description Issue Date

E5/2016/30002 Rev.00 Initial creation of document Apr. 01, 2016
E5/2016/30002 Rev.01 1% modification Apr. 21,2016
E5/2016/30002 Rev.02 2" modification May. 04, 2016
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1. General Information

1.1 Testing Laboratory

SGS Taiwan Ltd. Electronics & Communication Laboratory

No.134, Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei
City, Taiwan

Tel +886-2-2299-3279

Fax +886-2-2298-0488

Internet http://www.tw.sgs.com/

1.2 Details of Applicant

Company Name Quanta Computer Inc.
Company Address 1[\_19.188, Wenhua 2nd Rd., Guishan Dist., Taoyuan City 333,
aiwan
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1.3 Description of EUT

Equipment Under Test |Intraoral scope

Brand Name QOCA
Model No. Q-tube-I
FCC ID WS2-WG7831DELF
Mode of Operation DAWLANB802.11 b/g/n(20M/40M) [X]Bluetooth
WLAN 802.11 b/g/n(20M/40M) 1
Duty Cycle
Bluetooth 1
WLAN802.11 b/g/n(20M) 2412 - 2462
(T,\)A(HFzr)eq“e”Cy Range |y AN802.11 n(40M) 2422  — 2452
Bluetooth 2402 — 2480
WLANBS02.11 b/g/n(20M) 1 — 11
&hsggﬂ)'\'“mber WLAN802.11 n(40M) 3 - 9
Bluetooth 0 — 78
Max. SAR (1 g) (Unit: W/Kg)
Band Measured | Reported | Channel Position
WLAN 802.11b 0.384 0.412 1 Bottom side
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SGS

WLAN802.11 b/g/n(20M/40M) conducted power table:

Average conducted output

szl Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Freauency | 1oerance (dBm) (HoPpe)
(MHz) 1
1 2412 12,5 12.19
6 2437 12.5 11.38
11 2462 12,5 11.29
Average conducted output
802.11¢ Max. Rated Avg. power (dBm)
Power + Max. Data Rate (Mbps
cH | Frequency | roiorance (dBm) (HoPe)
(MHz) 6
1 2412 12 11.84
6 2437 12 11.79
11 2462 12 .77

802.11 n(20M)

Average conducted output

Max. Rated Avg. power (dBm)

o | Froauency | Fonereec | Data e (g
(MHz) 6.5
1 2412 12 11.89
6 2437 12 11.68
11 2462 12 11.54
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802.11 n(40M)

Max. Rated Avg.

Average conducted output
power (dBm)

Power + Max. Data Rate (Mbps
cH | Freauency | roorance (dBm) (Mbps)
(MHz) 13.5
2422 9 8.03
2437 12 11.75
2452 10.5 8.81
Bluetooth conducted power table:
Frequency BT4.0 Avg.
(MHz) dBm mwW
2402 6.93 4.932
2442 6.75 4.732
2480 6.66 4.634
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1.4 Test Environment

Ambient Temperature: 22+2° C
Tissue Simulating Liquid: 22+2° C

1.5 Operation Description

WLAN (b/g/n):
Use chipset specific software to control the EUT, and makes it transmit in
maximum power. Measurements are performed respectively on the lowest,
middle and highest channels of the operating band(s). The EUT is set to
maximum power level during all tests, and at the beginning of each test the
battery is fully charged.EUT was tested in the following configurations:

Configuration: front/back/bottom/left/right sides_5mm
(Test configuration has been confirmed by FCC KDB inquiry 662888)

229.7mm

Front view of EGT
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Note:
1. Based on KDB447498D01,

(1) SAR test exclusion thresholds for 100 MHz to 6 GHz at test separation
distances< 50 mm are determined by:

Mact. tune up powsr(myy) P—
Min. test separation distance(mm) X -\;fE GHz) =3

When the minimum test separation distance is < 5mm, 5mm is
applied to determine SAR test exclusion.

(2) For test separation distances > 50 mm, and the frequency at 100 MHz to
1500MHz, the SAR test exclusion threshold is determined according to
the following, and as illustrated in Appendix B of KDB447498 DO1.
[(Threshold at 50mm in step1) + (test separation

distance-50mm)x(Z22) | (mw),

(3) For test separation distances > 50 mm, and the frequency at >1500MHz
to 6GHz, the SAR test exclusion threshold is determined according to
the following, and as illustrated in Appendix B of KDB447498 DO1.

all sides
M M B test Require
ode ax. power(dBm) separation | Exclusion Scz\R
distance | calculation .
testing?
(mm)
BT 6.93 5 1.553 NO

802.11b DSSS SAR Test Requirements:

2. SAR is measured for 2.4 GHz 802.11b DSSS mode using the highest
measured maximum output power channel, when the reported SAR of the
highest measured maximum output power channel for the exposure
configuration is < 0.8 W/kg, no further SAR testing is required for 802.11b
DSSS in that exposure configuration.

3. When the reported SAR is > 0.8 W/kg, SAR is required for that exposure
configuration using the next highest measured output power channel. When
any reported SAR is > 1.2 W/kg, SAR is required for the third channel; i.e.,
all channels require testing.

802.11g/n OFDM SAR Test Exclusion Requirements:

4. SAR is not required for 802.11g/n since the highest reported SAR for DSSS is
adjusted by the ratio of OFDM to DSSS specified maximum output power
and the adjusted SAR is = 1.2 W/Kg.
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5. WLAN and BT use the same antenna path, WLAN and BT can’t be
transmitted simultaneously.

6. According to KDB447498 D01, testing of other required channels is not
required when the reported 1-g SAR for the highest output channel is < 0.8
W/kg, when the transmission band is < 100 MHz.

7. According to KDB865664 D01, SAR measurement variability must be
assessed for each frequency band. When the original highest measured
SAR is 2 0.8 W/kg, repeated that measurement once. Perform a second
repeated measurement only if the ratio of largest to smallest SAR for the
original and first repeated measurements is > 1.20 or when the original or
repeated measurement is = 1.45 W/kg (~ 10% from the 1-g SAR limit)
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1.6 The SAR Measurement System

A block diagram of the SAR measurement System is given in Fig. a. This SAR
Measurement System uses a Computer-controlled 3-D stepper motor system
(SPEAG DASY 5 professional system). The model EX3DV4 field probe is used to
determine the internal electric fields. The SAR can be obtained from the equation
SAR= o (|Ei|?)/ p where o and p are the conductivity and mass density of the
tissue-simulant.

The DASY 5 system for performing compliance tests consists of the following
items:

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

2. A dosimetric probe, i.e., an isotropic E-field probe optimized and calibrated for
usage intissue simulating liquid. The probe is equipped with an optical surface
detector system.

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

e b

Licrs amary
il | = CE - -

=

Maasuramen Sarver o DASYS

S S g v S K b

.....

PC

Fig. a The block diagram of SAR system
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The Electro-optical converter (EOC) performs the conversion between optical
and electrical of the signals for the digital communication to the DAE and for the
analog signal from the optical surface detection. The EOC is connected to the
measurement server.
The function of the measurement server is to perform the time critical tasks such
as signal filtering, control of the robot operation and fast movement interrupts.
A probe alignment unit which improves the (absolute) accuracy of the probe
positioning.
A computer operating Windows 7.
DASY 5 software.
Remote control with teach pendant and additional circuitry for robot safety such
as warning lamps, etc.

The SAM twin phantom enabling testing left-hand and right-hand usage.

The device holder for handheld mobile phones.

Tissue simulating liquid mixed according to the given recipes.

Validation dipole kits allowing to validate the proper functioning of the system.
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1.7 System Components

EX3DV4 E-Field Probe

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

Calibration |Basic Broad Band Calibration in air
Conversion Factors (CF) for HSL 2450
MHz Additional CF for other liquids and
frequencies upon request

Frequency |10 MHz to > 6 GHz

Directivity + 0.3 dB in HSL (rotation around probe axis)
+ 0.5 dB in tissue material (rotation normal to probe axis)

Dynamic 10 uW/g to > 100 mW/g
Range Linearity: £ 0.2 dB (noise: typically < 1 pyW/qg)

Dimensions |Tip diameter: 2.5 mm

Application  |High precision dosimetric measurements in any exposure scenario
(e.g., very strong gradient fields). Only probe which enables
compliance testing for frequencies up to 6 GHz with precision of
better 30%.
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SAM PHANTOM V4.0C

Construction [The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE
1528 and IEC 62209.

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

Shell 2+0.2mm
Thickness
Filling Volume|Approx. 25 liters
Dimensions |Height: 850 mm;
Length: 1000 mm;
Width: 500 mm

DEVICE HOLDER

Construction [The device holder (Supporter)
for Notebook is made by POM
(polyoxymethylene resin ) ,
which is non-metal and
non-conductive. The height can
be adjusted to fit varies kind of
notebooks.

Device Holder
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1.8 SAR System Verification

The microwave circuit arrangement for system verification is sketched in Fig. b. The
daily system accuracy verification occurs within the flat section of the SAM
phantom. A SAR measurement was performed to see if the measured SAR was
within +/- 10% from the target SAR values. These tests were done at 2450MHz.
The tests were conducted on the same days as the measurement of the DUT. The
obtained results from the system accuracy verification are displayed in the table 1
(SAR values are normalized to 1W forward power delivered to the dipole). During
the tests, the ambient temperature of the laboratory was 21.7°C, the relative
humidity was 62% and the liquid depth above the ear reference points was = 15 cm
+ 5 mm (frequency < 3 GHz) or 2 10 cm £ 5 mm (frequency > 3 G Hz) in all the
cases. It is seen that the system is operating within its specification, as the results
are within acceptable tolerance of the reference values.

i ¥
Spacer X

3D Probe positioner

\ Field probe

. Flat phantom

e Dipole
Signal ‘ -
generatar=r 3 x"=|:|=
A1
)
1
e

Fig. b The block diagram of system verification
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Measured
Validation Frequency Uiy U] | [ REeTes SAR-1g | Deviation | Measured
) S/N SAR-1g | SAR-1g :
Kit (MHz) W/ W/ normalized to| (%) Date
(mWig) | (mWi/g) 1W (mW/g)
D2450V2 | 727 2450|Body 51 13.5 54 5.88% | Mar. 23. 2016

Table 1. Results of system validation

1.9 Tissue Simulant Fluid for the Frequency Band

The dielectric properties for this body-simulant fluid were measured by using the
Agilent Model 85070E Dielectric Probe (rates frequency band 200 MHz to 20 GHz)
in conjunction with Network Analyzer (30 KHz-6000 MHz).

All dielectric parameters of tissue simulates were measured within 24 hours of SAR
measurements. The depth of the tissue simulant in the flat section of the phantom
was = 15 cm £ 5 mm (Frequency <3G) or = 10 cm £ 5 mm (Frequency >3G) during
all tests. (Fig. 2)

Measurem Measured Target Target Measured | Measured
Tissue Dielectric | Conductivit| Dielectric | Conductivit
ent Frequency % dever | %devo
Date Type (MH2) Constant, Y, Constant, Y,
Er o (S/m) Er o (S/m)
2412 52.75 1.91 52.19 1.99 1.06% -3.99%
2016/3/23 Body
2450 52.70 1.95 52.08 2.04 1.18% -4.82%
Table 2. Dielectric Parameters of Tissue Simulant Fluid
The composition of the tissue simulating liquid:
Ingredient
Frequency Total
Mode Preventol
(MHz) DGMBE | Water Salt o Cellulose| Sugar | amount
2450 Body | 301.7ml | 698.3ml | — — — — | 1.0L(Kg)

Table 3. Recipes for Tissue Simulating Liquid
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1.10 Evaluation Procedures

The entire evaluation of the spatial peak values is performed within the
Post-processing engine (SEMCAD). The system always gives the maximum
values for the 1 g and 10 g cubes. The algorithm to find the cube with highest
averaged SAR is divided into the following stages:
1. The extraction of the measured data (grid and values) from the Zoom Scan.
2. The calculation of the SAR value at every measurement point based on all
stored data (A/D values and measurement parameters)
3. The generation of a high-resolution mesh within the measured volume
4. The interpolation of all measured values from the measurement grid to the
high-resolution grid
5. The extrapolation of the entire 3-D field distribution to the phantom surface
over the distance from sensor to surface
6. The calculation of the averaged SAR within masses of 1g and 10g.
The probe is calibrated at the center of the dipole sensors that is located 1 to
2.7mm away from the probe tip. During measurements, the probe stops shortly
above the phantom surface, depending on the probe and the surface detecting
system. Both distances are included as parameters in the probe configuration file.
The software always knows exactly how far away the measured point is from the
surface. As the probe cannot directly measure at the surface, the values between
the deepest measured point and the surface must be extrapolated. The angle
between the probe axis and the surface normal line is less than 30 degree.
In the Area Scan, the gradient of the interpolation function is evaluated to find all
the extreme of the SAR distribution. The uncertainty on the locations of the
extreme is less than 1/20 of the grid size. Only local maximum within —2 dB of the
global maximum are searched and passed for the Cube Scan measurement. In
the Cube Scan, the interpolation function is used to extrapolate the Peak SAR
from the lowest measurement points to the inner phantom surface (the
extrapolation distance). The uncertainty increases with the extrapolation distance.
To keep the uncertainty within 1% for the 1 g and 10 g cubes, the extrapolation
distance should not be larger than 5mm.
The maximum search is automatically performed after each area scan
measurement. It is based on splines in two or three dimensions. The procedure
can find the maximum for most SAR distributions even with relatively large grid
spacing. After the area scanning measurement, the probe is automatically moved
to a position at the interpolated maximum. The following scan can directly use this
position for reference, e.g., for a finer resolution grid or the cube evaluations. The
1g and 10g peak evaluations are only available for the predefined cube 7x7x7
scans. The routines are verified and optimized for the grid dimensions used in
these cube measurements.
The measured volume of 30x30x30mm contains about 30g of tissue.
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The first procedure is an extrapolation (incl. Boundary correction) to get the points
between the lowest measured plane and the surface. The next step uses 3D
interpolation to get all points within the measured volume. In the last step, a 1g
cube is placed numerically into the volume and its averaged SAR is calculated.
This cube is the moved around until the highest averaged SAR is found. If the
highest SAR is found at the edge of the measured volume, the system will issue a
warning: higher SAR values might be found outside of the measured volume. In
that case the cube measurement can be repeated, using the new interpolated
maximum as the center.

1.11 Probe Calibration Procedures

For the calibration of E-field probes in lossy liquids, an electric field with an
accurately known field strength must be produced within the measured liquid. For
standardization purposes it would be desirable if all measurements which are
necessary to assess the correct field strength would be traceable to standardized
measurement procedures. In the following two different calibration techniques are
summarized:

1.11.1 Transfer Calibration with Temperature Probes

In lossy liquids the specific absorption rate (SAR) is related both to the
electric field ( £) and the temperature gradient (67 /6t ) in the liquid.

sAar=Z|E[ =c or
o, ot
whereby o is the conductivity, p the density and c the heat capacity of the

liquid.

Hence, the electric field in lossy liquid can be measured indirectly by
measuring the temperature gradient in the liquid. Non-disturbing
temperature probes (optical probes or thermistor probes with resistive lines)
with high spatial resolution (<1-2 mm) and fast reaction time (<1 s) are
available and can be easily calibrated with high precision [1]. The setup
and the exciting source have no influence on the calibration; only the
relative positioning uncertainties of the standard temperature probe and the
E-field probe to be calibrated must be considered. However, several
problems limit the available accuracy of probe calibrations with
temperature probes:
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1.The temperature gradient is not directly measurable but must be
evaluated from temperature measurements at different time steps.
Special precaution is necessary to avoid measurement errors caused by
temperature gradients due to energy equalizing effects or convection
currents in the liquid. Such effects cannot be completely avoided, as the
measured field itself destroys the thermal equilibrium in the liquid. With a
careful setup these errors can be kept small.

2.The measured volume around the temperature probe is not well defined.
It is difficult to calculate the energy transfer from a surrounding gradient
temperature field into the probe. These effects must be considered,
since temperature probes are calibrated in liquid with homogeneous
temperatures. There is no traceable standard for temperature rise
measurements.

3.The calibration depends on the assessment of the specific density, the
heat capacity and the conductivity of the medium. While the specific
density and heat capacity can be measured accurately with
standardized procedures (~ 2% for c; much better for p) , there is no
standard for the measurement of the conductivity. Depending on the
method and liquid, the error can well exceed £5%.

4. Temperature rise measurements are not very sensitive and therefore are
often performed at a higher power level than the E-field measurements.
The nonlinearities in the system (e.g., power measurements, different
components, etc.) must be considered.

Considering these problems, the possible accuracy of the calibration of

E-field probes with temperature gradient measurements in a carefully

designed setup is about £10% (RSS) [2]. Recently, a setup which is a

combination of the waveguide techniques and the thermal measurements

was presented in [3]. The estimated uncertainty of the setup is £5% (RSS)
when the same liquid is used for the -calibration and for actual
measurements and +7-9% (RSS) when not, which is in good agreement

with the estimates given in [2].

1.11.2 Calibration with Analytical Fields

In this method a technical setup is used in which the field can be calculated
analytically from measurements of other physical magnitudes (e.g., input
power). This corresponds to the standard field method for probe calibration
in air; however, there is no standard defined for fields in lossy liquids.
When using calculated fields in lossy liquids for probe calibration, several
points must be considered in the assessment of the uncertainty:
1.The setup must enable accurate determination of the incident power.
2.The accuracy of the calculated field strength will depend on the
assessment of the dielectric parameters of the liquid.
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3.Due to the small wavelength in liquids with high permittivity, even small
setups might be above the resonant cutoff frequencies. The field
distribution in the setup must be carefully checked for conformity with the
theoretical field distribution.
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1.12 Test Standards and Limits

According to FCC 47CFR §2.1093(d) The limits to be used for evaluation are

based generally on criteria published by the American National Standards

Institute (ANSI) for localized specific absorption rate (“SAR”) in Section 4.2 of

“IEEE Standard for Safety Levels with Respect to Human Exposure to Radio

Frequency Electromagnetic Fields, 3 kHz to 300 GHz,” ANSI/IEEE C95.1, By the

Institute of Electrical and Electronics Engineers, Inc., New York, New York 10017.

These criteria for SAR evaluation are similar to those recommended by the

National Council on Radiation Protection and Measurements (NCRP) in

“Biological Effects and Exposure Criteria for Radio frequency Electromagnetic

Fields,” NCRP Report No. 86, Section 17.4.5. Copyright NCRP, 1986, Bethesda,

Maryland 20814. SAR is a measure of the rate of energy absorption due to

exposure to an RF transmitting source. SAR values have been related to

threshold levels for potential biological hazards. The criteria to be used are
specified in paragraphs (d)(1) and (d)(2) of this section and shall apply for
portable devices transmitting in the frequency range from 100 kHz to 6 GHz.

Portable devices that transmit at frequencies above 6 GHz are to be evaluated in

terms of the MPE limits specified in § 1.1310 of this chapter. Measurements and

calculations to demonstrate compliance with MPE field strength or power density
limits for devices operating above 6 GHz should be made at a minimum distance
of 5 cm from the radiating source.

1. Limits for Occupational/Controlled exposure: 0.4 W/kg as averaged over the
whole-body and spatial peak SAR not exceeding 8 W/kg as averaged over
any 1 gram of tissue (defined as a tissue volume in the shape of a cube).
Exceptions are the hands, wrists, feet and ankles where the spatial peak
SAR shall not exceed 20 W/kg, as averaged over an 10 grams of tissue
(defined as a tissue volume in the shape of a cube).

2. Occupational/Controlled limits apply when persons are exposed as a
consequence of their employment provided these persons are fully aware of
and exercise control over their exposure. Awareness of exposure can be
accomplished by use of warning labels or by specific training or education
through appropriate means, such as an RF safety program in a work
environment.

3. Limits for General Population/Uncontrolled exposure: 0.08 W/kg as
averaged over the whole-body and spatial peak SAR not exceeding 1.6
W/kg as averaged over any 1 gram of tissue (defined as a tissue volume in
the shape of a cube). Exceptions are the hands, wrists, feet and ankles
where the spatial peak SAR shall not exceed 4 W/kg, as averaged over any
10 grams of tissue (defined as a tissue volume in the shape of a cube).
General Population/Uncontrolled limits apply when the general public may
be exposed, or when persons that are exposed as a consequence of their
employment may not be fully aware of the potential for exposure or do not
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exercise control over their exposure. Warning labels placed on consumer
devices such as cellular telephones will not be sufficient reason to allow
these devices to be evaluated subject to limits for occupational/controlled
exposure in paragraph (d)(1) of this section. (Table 4.)

Uncontrolled ,
Human Exposure Environment Controlled Environment
: Occupational
General Population
Spa“?lBFr)aeiil)( SAR 1.60 m W/g 8.00 m W/g
Spatial Average SAR
° (Whole Bgdy) 0.08 m W/g 0.40 m W/g
Spatial Peak SAR
(Hands/Feet/Ankle/Wrist) 4.00m Wig 20.00 m W/g

Table 4. RF exposure limits

Notes:
1. Uncontrolled environments are defined as locations where there is potential exposure of

individuals who have no knowledge or control of their potential exposure.
2. Controlled environments are defined as locations where there is potential exposure of
individuals who have knowledge of their potential exposure and can exercise control

over their exposure.
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2. Summary of Results

WLAN b
Max. Rated
. Avg. Measured Averaged SAR over 1g
Mode Position | DiStance |y | Fred. | Power + Avg. Power | Scaling (Wkg) il
(mm) (MHz) Max. (dBm) page
Tolerance
(dRm) Measured | Reported
Front side 5mm 1 2412 12.50 12.19 7.40% 0.055 0.059 -
WLAN [ Back side 5mm 1| 2412 12.50 12.19 7.40% | 0.018 0.019 -
sféégl_b BO_tth 5mm 1 2412 12.50 12.19 7.40% 0.384 0.412 25
worn) Right side 5mm 1 2412 12.50 12.19 7.40% 0.061 0.066 -
Left side 5mm 1 2412 12.50 12.19 7.40% 0.154 0.165 -
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3. Instruments List
Manufacturer Device Tvbo Serial Date of last |Date of next
ypP number | calibration | calibration
, Dosimetric
Schmid & Partner .
Engineering AG E-Field EX3DV4 3923 Aug.27,2015|Aug.26,2016
Probe
, System
Schmid & Partner| . iiation | D2asove | 727 |Apr.22,2015|Apr.21,2016
Engineering AG :
Dipole
Schmid & Partner Data acquisition) 1y, =4 1374 |May.06,2015\May.05,2016
Engineering AG | Electronics
Schmid & Partner Software DASY 52 N/A Calibration | Calibration
Engineering AG V52.8.8 not required|not required
Schmld &lPartner Phantom SAM N/A Callbrat]on Callbrat_lon
Engineering AG not required|not required
, Network
Agilent Analyzer E5071C |MY46107530(Jan.07,2016|Jan.06,2017
, Dielectric Calibration | Calibration
Agilent Probe Kit 85070E  \MY44300677 not required|not required
Agilent Dual-directional 772D |MY46151242|Jul.15,2015|Jul. 14,2016
coupler
up 778D |MY48220468|Jul.16,2015|Jul. 15,2016
. RF Signal
Agilent Generator N5181A |MY50144143|Jul.16,2015|Jul.15,2016
Agilent Power Meter | E4417A |MY52240003|Jul.15,2015|Jul.14,2016
Agilent Power Sensor | E9301H |MY52200004|Jul.15,2015|Jul.14,2016
Digital
TECPEL thermometer DTM-303A| TP130075 [Mar.27,2015|Mar.26,2016

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
FR2ER1E R l’hﬂéﬁﬁ%’ [EEapiEing fifﬁf.’x Fif [ﬁJEﬁﬂ*"Fifﬁﬂx@ \'ﬁ?ﬁ%‘« ° M‘Jﬁh{»%’:’; £ pl?{pw?ﬁ‘ > T\P‘ﬁﬂiﬁ 7
This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at




Report No. : E5/2016/30002
Page: 25 of 52

4. Measurements

Date: 2016/3/23
WLAN 802.11b_Body-worn_Bottom side_CH 1_5mm
Communication System: WLAN(2.45G); Frequency: 2412 MHz
Medium parameters used: f = 2412 MHz; 0 = 1.99 S/m; €, = 52.191; p = 1000 kg/m®
Phantom section: Flat Section

DASY5 Configuration:
Probe: EX3DV4 - SN3923; ConvF(7.63, 7.63, 7.63); Calibrated: 2015/8/27;
« Sensor-Surface: 2mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn1374; Calibrated: 2015/10/23
« Phantom: Body
o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)
Configuration/Body/Area Scan (71x81x1): Interpolated grid: dx=12 mm, dy=12 mm
Maximum value of SAR (interpolated) = 0.689 W/kg

Configuration/Body/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 14.39 V/m; Power Drift = -0.15 dB
Peak SAR (extrapolated) = 0.858 W/kg
SAR(1 g) = 0.384 W/kg; SAR(10 g) = 0.160 W/kg
Maximum value of SAR (measured) = 0.625 W/kg
dB

-h.b8

-11.35
-17.03
-22.70
-28.38

0 dB = 0.625 W/kg = -2.04 dBW/kg
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5. SAR System Performance Verification

Date: 2016/3/23
Dipole 2450 MHz_SN:727
Communication System: CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; o = 2.044 S/m; ¢, = 52.076; p = 1000 kg/m*
Phantom section: Flat Section

DASY5 Configuration:
Probe: EX3DV4 - SN3923; ConvF(7.63, 7.63, 7.63); Calibrated: 2015/8/27;
Sensor-Surface: 2mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn1374; Calibrated: 2015/10/23

o Phantom: Body

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)
Configuration/Pin=250mW/Area Scan (81x101x1): Interpolated grid: dx=12 mm,
dy=12 mm
Maximum value of SAR (interpolated) = 20.7 W/kg

Configuration/Pin=250mW/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=5mm, dy=5mm, dz=5mm
Reference Value = 99.63 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 27.3 W/kg
SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.24 W/kg
Maximum value of SAR (measured) = 20.4 W/kg
db

-4.32
-B.65
-12.97
-17.30
-21.62

0 dB = 20.4 W/kg = 13.10 dBW/kg
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6. DAE & Probe Calibration Certificate

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zgughalusstrasse 43, 8004 Zurich, Switzerland

Arcramted by the Swiss Accrediation Service (SAS)

The Swiss Accreditation Service is one of the signatories to the B4
Muliilateral Agreament for the recognition of callbeation certificates

Cliant
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Gehweizarischer Kallrierdienst
Service suisse délalonnage
Seriizio svizzers di taraturs
Swias Calibration Service

Accreditation No.: SCS 0108

Certlficste ho: DAE4-1374 Mayis

|CALIBRATION CERTIFICATE

-

Dbt

Cefibirfiaon proceckines) QA CAL-0B.v29

Caliration daje

May 08, 2015

Thie meesurements and e wnoerainties

Cabration Equirmant used (METE crilical for callormtion)

DAE4 - SD 00D D04 BM - SN: 1374

Calibration procedure for the data acquisition eleciion|cs (DAE)

This cikbration cenilicate documents the racapiilily Io nalonal standaroe:, whilkch ez iha phvaical wiits of measuremens 151}
with confidence prunnhll-(y ana glven an tho I'ull.'.mng peges an are par of the cedificala

| A¥ calbrations have baen conduesed in the closed laboralony facliy: arvinnment Jompersiune 28 « 3°C and Paamidity < T4

| Primary Standars | o Cal Date (Cenficate No.| Schedued Calbration
Kaithiay Mullimelsr Type 2001 | S 0810078 [Cct-14 (Mg: 15575 0115
Secondary Standands D& Chieck Dale (in houss) Solwckiled Check

Auss DAE Calioradicn Unil
Caibrator Box V2.1

SE UWS 053 A& 1001
| SE LM 006 A4 1002

Mame
Gelibratad by RiMenoraz
Approved by Fiey Boamhall

This calibration certificats shall not be teprodicad except in 4 winou wietlan appeoul of Ihe labosatory.

O-Jan-15 fin howse chack)
O8-Jar-15 |in holse chissk)

Fungiion
Techniclan

Bepity Technical Menapgsa:

In housa check: Jan-14
It house check: Jan-18

Signabure
e

. >

ls=uad: May B, 2015

Certficate Not DAES-1374_May15

Bage 1 of 5
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ey
Calibration Laboratery of a\\;‘;‘;&”’i g Hchweizerischar Kailbrberdienst
Schmid & Partner age——— 2 Serviee suinss d' Haktnnogs
Enginggﬁng AG %ﬂ& c Servizio suimero di toratura
Zeughausairasse 43, 5004 Zurich, Switzoriand %,f,lﬁr« 5 swiss Calibration Servies
Acgracied by the Swiss Acoiediation Sendes (SAS) Adcreditation No,! SCS 0108

The Swiss Accraditation Servios s one of (he signatorios te the EA
Wultitareral Agreement o tho recognilion of za|irallen cerificatas

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to ihe robod
coordinate system,

Methods Applied and Interpretation of Parameters
= OC Voltage Measurament: Calibration Factor assessed for use in DASY system by
compalison with a calibrated instrument raceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respeclive range.

= Connrector angle. The angle of the connectal s sssessed measuring the angle
mechanically by a tool inserted. Uncenainty is nat required.

*  The fellawing paramelers as documented in the Appendix coniain technical information as a
resull rom the performance test and reguire no uncerainty.

= OC Voltage Measurement Linearty: Verilication af the Linearity at +10% and -10% of
the neminal calibration voltage. Influsnes of offset vollage 1s included in this
measurement.

* Commoen mode sensitivity: Infiuence of a positive or negative common mode voltage on
the differential measurement,

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

s AD Converter Values with inputs shorted: Values on the internal AD convernar
corresponding to zero input voltage

= Impul Offsef Measurement Qutpul voltage and statistical results over a large number of
zemo voltage measuraments,

* Input Offsel Current: Typical value tor information; Maximum channel input effset
current, not considering the mput resistance.

* Input resistance: Typical value for information; DAE input resistance at the connactor,
during internal auta-zeroing and during measuremant,

* Low Baftary Alarm Valtage: Typical value for Information. Below this voltage, a battery
alarm signal is generatad.

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

Cortficeie No: [ME4-1S74_Mayis Fago2ai b
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DC Voltage Measurement
AD - Convertar Aesolution nominz|
High Range: TLEB = B.ApV , full range = -100...+300 mv
Low Range: 1LEE = LaLi"an full ranga = -1..,.... +3my
DASY measuremeant paramelars: Auto Zero Time: 3 sec; Measuring time: 3 sec

| Calibration Factors
High Range
Low Range

Connector Angle

X v | z
405.241+ 0.02% (k=2) | 405.484 & 0.02% (k=2) | 405.011 + 0.02% (ke2)
4.00963 = 1.50% (k@) | 4.00018 + 1.50% (k=2) | 398770 % 1.50% (k=2)

T
(i

| Cennector Angle to be used in DASY system | 245.0°41°

Certificate No: DAE4-1374_May15 Page 3 of &
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voliage Linearity
| High Range Reading (uV) Difference (uV) Error {%)
annul X + Input 200027.58 342 -0.00
Channel X + Input 20008.73 2,53 0.01
Channel X = Input 20003, 18 3.04 -0.02
Channel ¥ + Input 20002712 -3.98 <0.00
Channel Y + Input 2000262 -0.35 -0.00
Channel Y = Input -20006,58 -0.59 000
Channel Z + Input 200031.31 010 -0.00
Channel Z + Input 20000.65 -2.25 =0.01
Channel Z = Input -20008,41 -1.84 0.
Low Hange Heading (W) | Differance (uV) Ervor {3)
Channel X + Input 1999.56 -0.08 -0.00
Channel X + Input 189,64 0,05 0.02
Channel X = Input -201.87 -1.88 0.78 }
Channel ¥ + Inpurt 1999.63 0.03 D.00
Channel ¥ + Input 198.55 -0.89 045
Channel ¥ = Input -201.10 -0.69 0.35
'Channel Z + Input 2000.11 054 0.03
Ermel z + Input 19727 -2.23 -1.12
Ehannal Z = Input 202,39 -1.58 ] 0.99
2. Common mode sensitivity
DASY measurerment parameters: Aulo Zero Time: 3 sec; Measuring time: 3 see
Common mode High Range Low Range
Input Veltage (mV) Average Reading {uV) Average Reading (uv)
Eannul X 200 -5,38 -B.61
- 200 988 7.58
Channel ¥ 200 379 3,72
- 200 -5.43 -6.05 o
Channel Z 200 -15.24 -15.61
- 200 12.53 1272
3. Channel separation
DASY measurement paramelers: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ {zV}) Channel Z (uV)
Channel X 200 - 6.28 215
Channel Y 200 | 9,34 - 7.43
Channel z 200 | 924 677 -
Cortificate Mo: DAE4-1374_May15 Page 4 01 5
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zara Time: 3 ser; Measuring time: 3 sec

High Range (LSE) Low Range (LS8)
Channel X 16120 15044
Channel ¥ 16872 15769
Channel Z 16384 15426 I

5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sac; Maasuring time: 3 sec

Inpist 1 0B
Average (uV) | min. Offset (uV) | mex. Offset(uv) | > ?:::“i““
Channel X -0.68 -1.86 072 0.51
Channel Y -1.37 -2.25 -0.26 0.36
Channel Z | 1.05 013 245 0.53
6. Input Offset Current
Mominal Input cireuiry offsel current on all channels: <25FA
7. Input Resistance (Typical values for information)
Zeroing (kDhm) Meaguring (MOhm)
Channel X 200 200 1
Channel ¥ 200 200
Channel £ 200 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typical values Alarm Level (VDC)
_S‘-Lrpply {+ Veg) +7.9
Supply (- Vo) 7.6
9. Power Consumption (Typical valuss for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +8 14
Supply (- Voc) ~0.01 -8 -8
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Calibration is Performed According to the Following Stendards:

Al IEEE Sl 15262013 *|IEEE Mecommerded Srasiice Ine Detcamiimg e Pk Spatine fvsraged &5 pemif
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Probe EX3DV4

SN:3923

Manufactured:  March 8, 2013
Calibrated: August 27, 2015

Calibrated for DASY/EASY Systems
(Maba: non-tcompatiole with DASY2 sysiem!)

Cerificain No: EX33503_Aug15 Page 3ok 11
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EXA0NVG- SM:A823 August 27, 2018

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3923

Basic Calibration Parameters

Sensor X Gensaor ¥ Sanacr I o [k=
Mo (i vim 0a7 048 0.47 101 %
DCF {mv]" 035 96.4 1013
Modulation Calibration Parameters
Ui Communization System Nams A B C ] wR Une- |
o dB | dBypV de my k=2
a o x| 00 0.0 10 | 000 | 1608 | 33%
¥ | an [ 1.0 155.8
z | a0 00 1.0 1570

rted uncertainty of measurement is stated as the standard uncerkainty of measurement

The
multiplled by the coverage factor k=2, which for a normal distributi oy
probability of approximately 95%. ' istribution carrespands to a coverage

+ The uncortairties of Monn 3,Y,Z e el affct th E* feld unotrtainty iiide TIL G Pages 5 and 6,
. uncaalnty cil epined
mmummaqhm-. om Heaar flyi i i b ared s d e | e gquan of |he

=t | )
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EX3Dva= 33923 hugust 27, HHS

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3923

Calibration Parameter Determined in Head Tissue Simulating Media

If_ugf nmty cw ConeF X | ConwF ¥ | ConFZ | Alpha® D:_{j]u E
750 418 088 1064 | 1068 1068 | 034 | 100 | +120%
B15 41.5 0.90 10.45 i0.45 W45 | 042 | 080 | £120%
E0 415 0.97 10,07 10.07 War | oas | 100 | +120%
1750 401 1.37 571 4.7 8.71 0,19 142 | £120%
1800 40,0 1.40 [ H.43 8.43 036 | 080 | +iro%
2000 # 1.40 B4 8.4 4.4 045 | 080 | £120%

| 2300 308 1.67 BOS .05 .08 036 | 080 | +120%
2450 332 1,80 757 7.57 7.57 040 | 080 | £120%
2600 3.0 1.86 745 745 745 039 | 080 | £120%
5250 354 4.1 522 £.22 5.2 035 | 183 | £134%
5300 359 4.7 508 5.08 5.08 038 180 | £139%
5600 35.5 8,07 478 4.78 4.78 040 180 | £131%
5750 5. 5.2 4.81 4.81 4.81 040 | B0 | =131 % |

- WHHH‘HWH!:WMHWMHAWWHH 2}, s il 8 rasliched 1 £ 53 WHE The
-Hﬂﬂrnlht#ﬁd’ Lot andd the ﬁ.’rm band. Fraguency valitity
MMMHHZHHD.E.W.ﬂMWﬂ'khﬂMmﬂmM 04, 123, 150 and 220 WHE nespecinely. Ahewa § 0Hz geancy
mmh-ﬂaﬂmwiﬂﬂ

i‘whh-riﬂH:'hﬂdmmumn}mhﬂmut1ﬂnlwmmmuamm
i SAR viskiic, &) frequencion above 3 GRz, the vakeiy of lsaue ters b and o) & el br 1 5%, The mmcedsinty is ihe B55 ol
o ComeF encarioiny for indicaiod laege Fasen Pt e
BlghaDasth s Sl aurmg SPEAS Ihal e pom aining dealion dea b e i iy st it
mm-m:mmwmammmgmur batwean 364G He 3t any dista than mal iha
e ey any ﬂﬂﬂw miﬂ
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B e SN August 2T, F5

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3923

Calibration Parameter Determined in Body Tissue Simulating Media

rae)® | perminivity’ | (S’ | Comex | ComeY | Convez | migha® Eﬂ ot
TE0 85.5 D.56 10.50 10.50 10,50 043 O.86 41200 %
835 B5.2 0.57 10.48 048 TO4E oA 1.42 =120 %
900 55.0 105 1033 | 1083 | 1033 | 030 | 108 | x120%
1750 534 1.49 840 | 840 | 840 | 039 | 087 | +120%
1500 833 1.52 811 A8.11 a11 0. 0.&D 120 W
2000 B3.3 1.52 8,31 831 8.31 0.2 1.02 120 %
00 52.8 1.81 7.80 7.80 7.510 020 .91 120 %
24580 gy 1.55 F.B3 T.B3 7.63 028 0.00 £120 %
2800 jrfls] 216 T8 749 7.48 035 0.95 +120% |
5250 439 £.38 460 | 468 | 468 | 040 | 180 | +131%
5300 438 543 456 454 456 | 040 | 180 | £131%
5600 438 5.77 410 | 410 | 410 | 045 | 190 | s134%
ETER 48.3 6,54 4.30 4.3 4,30 nAas 1.90 131 %

':meuldhlmmﬂtdt1muhmmhmﬁ4wﬂwimmihmihmﬂmrﬂm.:,l'q
wnEndlEngy & ha RES of #a S uncadanty st colibralion fregeency and the uncerisisty [or e indcaied freguency band. Fesquency validiy
ks 300 MHE i= & 10, 35, 40, 50 and 70 MHz S Cond assesamans al 30, 84, 128, 150 and 220 MHE raspacively, Al 5 GHE Pejisndy
il ity i Do ambendard o £ 100 Mz
¥ Frgurios Labow 3 GHE, It validity of s e dnd o) i b i £ 105 i bquad compesestion fommule is appled o
winisored SAR vaham. A1 requencies above 3 Gz, the vabdity of lissue parametere (5aed o] bsnesiicisd 1o & 5%, The uncertainty s the RES of
pﬁﬁwwummmum

wrg deeerinad during saiElen SPEAG that the ning Siretalicn dus lathe b fary affe: after comp ion iz
Flwaye losz than 2 % for trequoncies tolow 3 GHz and Dolow = 2% for requancias bobwoan 3-8 GHI of any Sslonos o thon hall ho probs i
iamatar Trom ihe baundany.
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Ex3ADYa~ 5M-3523 HAusgust 27, 26
Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Wavegulde: RZ2)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
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EX30va- ENE22 Auqusl 27, Jos

Receiving Pattern (¢), 3 =0°
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EXADE= S0 3u7T w a7, 25

Dynamic Range f(SAR:0aq)
{TEM cell , form= 1900 MHz)

Input Sgnal [Uv]
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EyOwa- 5M==23 Augus 27, J0S

Conversion Factor Assessment
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EXIDV4— SN:3923 August 2F, 2005

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3923

Other Probe Parameters
Sensor Arangemant Tnangular
Connecior Angle {7 123
Mechanical Surfacs Deteclion Mode enatied
Cplical Surface Detection Mode dizablmd
Proba Carall Lengih 35T mm
Prote Bady Diameter 10 mm
Tip Length o rrn
Tip Diarmater 2.5 mm
Prode Tip to Sensor X Calibraion Paint 1 mm
Probe Tip i Sensor ¥ Callorswion Foink T mm
Probe Tip bx Sensor I Calibralion Peint 1 mm
Recommeanded Measurement Distance from Surface 1.4 mm

Cerificate Mo EX3-3023_Augis Fage 11 of 11
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7. Uncertainty Budget

Measurement Uncertainty evaluation template for DUT SAR test (0.3-3G)

A c D e f s h=c*f/e |i=c*g/e k
. Tolerance/ |Probabilit . . . . Standard Standard .
Source of Uncertainty Uncertainty v Div Div Value |ci (1) ci (10g) uncertainty |uncertainty vi, or Veff

Measurement system

Probe calibration 6.00% N 1 1 1 1 6.00% 6.00% 00
Isotropy , Axial 3.50% R V3 1.732 1 1 2.02% 2.02% oo
Isotropy, 9.60%| R /3 1.732 1 1 5.54% 5.54%| oo
Hemispherical

Modulation Response 2.40% R /3 1.732 1 1 1.40% 1.40% co
Boundary Effect 1.00% R /3 1.732 1 1 0.58% 0.58% oo
Linearity 4.70% R V3 1.732 1 1 2.71% 2.71% ©o
Detection Limits 1.00% R /3 1.732 1 1 0.58% 0.58% ©0
Readout Electronics 0.30% N 1 1 1 1 0.30% 0.30% o
Response time 0.80% R /3 1.732 1 1 0.46% 0.46% co
Integration Time 2.60% R V3 1.732 1 1 1.50% 1.50% o
Measurement drift 1.75%| R /3 1.732 1 1 1.01% 1.01%| oo
class A evaluat(qn)

E;Saemb'em condition - 3.00%| R /3 1.732 1 1 1.73% 1.73%| oo
RF ambient conditions - | 3 500,| R /3 1.732 1 1 1.73% 173%| oo
reflections

Probe positioner

0, 0, 0,
Mochanioal estrictions 0.40%| R /3 1.732 1 1 0.23% 0.23%| oo
Probe Positioning with 290%| R /3 1.732 1 1 1.67% 167%| oo
respect to phantom
Post-processing 1.00% R /3 1.732 1 1 0.58% 0.58% oo
Max SAR Eval 1.00%| R /3 1.732 1 1 0.58% 0.58%| oo
Test Sample related
Test sample positioning 2.90% N 1 1 1 1 2.90% 2.90%| M-1
Device Holder 3.60%| N 1 1 1 1 3.60% 3.60%| M-
Uncertainty
Drift of output power 5.00% R V3 1.732 1 1 2.89% 2.89% 0
Phantom and Setup
Phantom Uncertainty 4.00%| R /3 1.732 1 1 2.31% 2.31%| oo
Liquid permittivity 1.18%| N 1 1 0.64 0.43 0.76% 051%| M
(mea.)
Liquid Conductivity 483% N 1 1 0.6 0.49 2.90% 237%| M
(mea.)
Combined standard RSS 11.80% 11.66%
uncertainty

Expant uncertainty

(95% confidence 23.61% 23.32%
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8. Phantom Description
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9. System Validation from Original Equipment Supplier

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

SGS-TW (Auden)

mwow

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: D2450V2-727_ApriS

CALIBRATION CERTIFICATE

Object

Calibration procedure(s)

Calibration data:

D2450V2 - SN: 727

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

April 22, 2015

Calibration Equipment used (M&TE critical for calibration)

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertaintias with confidence probability are glven on the following pages and are part of the certificate.

All calibrations have beer conducted in the closed laboratory facility: environment lemperatura (22 = 3)°C and humidity < 70%

Primary Standards D # Cal Dale (Certificate No.) Scheduled Calibration

Power meter EPM-4424 GBav4B0704 07-Oct-14 {No. 217-02020) Oet-15

Power sensor HP B481A US37292783 07-Oct-14 (No. 217-02020) Oct-15

Power sensor HP B481A MY41092317 07-Oct-14 (MNo. 217-02021) Oct-15

Reference 20 dBE Attenuator SN: 5058 (20k) 01-Apr-15 (No. 217-02131) Mar-16

Type-N mismatch combination SN: 50472 / DB327 01-Apr-15 (No. 217-02134) Mar-16

Relerence Probe ES3DV3 SN: 3205 30-Dec-14 (No. ES3-3205_Dec14) Dec-15

DAE4 SN: 601 18-Aug-14 (Mo, DAE4-601_Aug14) Aug-15

Secondary Standards D # Check Date (in house) Scheduled Check

AF generator R&S SMT-06 100005 04-Aug-99 (in house check Ocl-13) In house check: Ocl-16

Network Analyzer HP 8753E US837390585 54206 18-Oct-01 (in house check Oct-14) In house check: Oct-15
Mamea Function Signatura

Calibrated by: Michagl Weber Laboratory Technician /‘/%

Mebes
Approved by: Katja Pokovic Tachnical Manager P
P el s

This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

#

Issued: April 23, 2015

Certificate No: D2450V2-727_Apr15
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Calibration Lal:loratory of “x\‘\':l:__;f’l,_' s Schwaizerischer Kalibrinrdian
Schmid & Partner ii%% c Service sulsse d'étalonnage
Engiﬂeering AG Tz Servizio svizzero di taralura
Zeughausstrasse 43, 8004 Zurich, Switzerland % ’-’-ﬁ\‘“\? S swiss Callbration Service
Aocreditad by Iha Swiss Accreditation Servica (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service {s one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) 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 to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

= SAR for nominal TSL parameters: The measured TSL parameters are used {o calculate the
nominal SAR result.

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

Cerlificate No: D2450V2-727_Apr15 Page2oi§
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz =1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters {22.0 £+ 0.2) °C 376+6% 1.82 mho/m + € %
Head TSL temperature change during test <0.5°C -—- -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured

250 mW input power

13.2 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

52.0 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.10 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 W/kg + 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 50.6 =6 % 2.02 mho/m +£6 %
Body TSL temperature change during test <05°C — -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Caondition
SAR measured 250 mW input power 13.1 Wikg

SAR for nominal Body TSL parameters

normmalized to 1W

51.0 W/kg = 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

6.10 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

24.0 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-727_Apri5s
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 56.2Q+1.3[Q

Return Loss -24.6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.804+33jQ

Retumn Loss -28.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 ns

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

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

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on January 09, 2003
Certificate No: D2450V2-727_Apri5 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 22.04.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 727

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

Medium parameters used: f = 2450 MHz; 6 = 1.82 S/m: & = 37.6; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (I[EEE/IEC/ANSI C63.19-2011})

DASYS2 Configuration:
«  Probe: ES3DV3 - SN3205; ConvF(4.54, 4.54, 4,54); Calibrated: 30.12.2014;,
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOO0OP50AA: Serial: 1001
o DASYS3252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 101.5 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 27.4 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 6.1 W/kg

Maximum value of SAR (measured) = 17.5 W/kg

dB

-5.00

-10.00
-15.00
-20.00
-25.00

0dB=17.5 W/kg = 12.43 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 727

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

Medium parameters used: { = 2450 MHz; a = 2.02 S/m: & = 50.6; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.32, 4,32, 4.32); Calibrated: 30.12.2014;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
« DASY5252.8.8(1222);: SEMCAD X 14.6.10(7331)

Report No. : E5/2016/30002
Page: 51 of 52

Date: 22.04.2015

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=5mm, dz=Smm
Reference Value = 95.54 V/m; Power Drift =-0.01 dB
Peak SAR (extrapolated) = 27.2 W/kg

SAR(1 g) = 13.1 W/kg: SAR(10 g) = 6.1 W/kg
Maximum value of SAR (measured) = 17.4 W/kg

-5.00

-10.00
-15.00
-20.00

-25.00

0dB =17.4 W/kg = 12.41 dBW/kg
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Impedance Measurement Plot
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for Body TSL
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