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General Information

1.1. EUT Description
Product Name Bluetooth headset
Model No. S3XX17
Working Voltage DC 3.3V~4.2V
Test Voltage AC120V/60Hz
Bluetooth Specification V2.1+EDR
Frequency Range 2402- 2480 MHz
Channel Number V2.1+EDR: 79

Channel Separation

V2.1+EDR: 1MHz

Type of Modulation V2.1+EDR: GFSK, Pi/4 DQPSK, 8DPSK

V2.1+EDR: 1Mbps(GFSK), 2Mbps(Pi/4 DQPSK),
Data Rate

3Mbps(8DPSK)
Antenna Type Reference to Antenna List

Peak Antenna Gain

Reference to Antenna List
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Bluetooth Working Frequency of Each Channel: (For V2.1+EDR)

Channel|Frequency Channel |Frequency |Channel [Frequency Channel [Frequency
00 2402 MHz 01 2403 MHz 02 2404 MHz 03 2405 MHz
04 2406 MHz 05 2407 MHz 06 2408 MHz 07 2409 MHz
08 2410 MHz 09 2411 MHz 10 2412 MHz 11 2413 MHz
12 2414 MHz 13 2415 MHz 14 2416 MHz 15 2417 MHz
16 2418 MHz 17 2419 MHz 18 2420 MHz 19 2421 MHz
20 2422 MHz 21 2423 MHz |22 2424 MHz 23 2425 MHz
24 2426 MHz 25 2427 MHz |26 2428 MHz 27 2429 MHz
28 2430 MHz 29 2431 MHz 30 2432 MHz 31 2433 MHz
32 2434 MHz 33 2435 MHz 34 2436 MHz 35 2437 MHz
36 2438 MHz 37 2439 MHz 38 2440 MHz 39 2441 MHz
40 2442 MHz 41 2443 MHz |42 2444 MHz |43 2445 MHz
44 2446 MHz 45 2447 MHz |46 2448 MHz |47 2449 MHz
48 2450 MHz 49 2451 MHz 50 2452 MHz 51 2453 MHz
52 2454 MHz 53 2455 MHz 54 2456 MHz 55 2457 MHz
56 2458 MHz 57 2459 MHz 58 2460 MHz 59 2461 MHz
60 2462 MHz 61 2463 MHz 62 2464 MHz 63 2465 MHz
64 2466 MHz 65 2467 MHz 66 2468 MHz 67 2469 MHz
68 2470 MHz 69 2471 MHz 70 2472 MHz 71 2473 MHz
72 2474 MHz 73 2475 MHz 74 2476 MHz 75 2477 MHz
76 2478 MHz 77 2479 MHz 78 2480 MHz N/A N/A
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Antenna List

Model No. N/A
Antenna manufacturer N/A
/Antenna Delivery X [1*TX+1*RX [] [2*TX+2*RX [ ] [3*TX+3*RX
Antenna technology X SISO
[ ] [Basic
] MIMO [] (cbD
[] |Beam-forming
Antenna Type [] [External |_] |Dipole
1 |PIFA
[] [PCB
X | Internal |_] |Ceramic Chip Antenna
X [Stampted Antenna
[ ] [Metal plate type F antenna
Antenna Gain 1.81dBi
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1.2. Test Environment

Ambient conditions in the laboratory:

ltems Required Actual
Temperature (°C) 18-25 215+ 2
Humidity (%RH) 30-70 52

1.3. Power Reduction for SAR

There is no power reduction used for any band/mode implemented in this device for SAR purposes.

1.4. Guidance Documents

1) FCC KDB Publication 447498 D01v06 (General SAR Guidance)
2) FCC KDB Publication 865664 D01v01r04(SAR measurement 100 MHz to 6 GHz)
3) FCC KDB Publication 248227 D01v02r02 (SAR Considerations for 802.11 Devices)

4) RSS 102 Issue5 Radio Frequency (RF) Exposure Compliance of Radiocommunication Apparatus
(All Frequency Bands)

5) |IEEE Std. 1528-2013 (IEEE Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques)

6) IEC 62209-2: 2010 (Human exposure to radio frequency fields from hand- held and bodymounted
wireless communication devices — Human models, instrumentation, and procedures)

7) FCC47CFR §2.1093 Radiofrequency radiation exposure evaluation: portable devices

8) ANSI C95.1-2005 - IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz
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2.

SAR Measurement System

2.1. DASY5 System Description

Reamncie Comrol B I
i 5

1% Genal
Digtal T

The DASYS5 system for performing compliance tests consists of the following items:

>

>

A\

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

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.

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 Light Beam used is for probe alignment. This improves the (absolute) accuracy
of the probe positioning.

A computer running WinXP and the DASYS 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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2.1.1. Applications

Predefined procedures and evaluations for automated compliance testing with all
worldwide standards, e.g., IEEE 1528, OET 65, IEC 62209-1, IEC 62209-2, EN 50360,
EN 50383 and others.

2.1.2. Area Scans

Area scans are defined prior to the measurement process being executed with a user
defined variable spacing between each measurement point (integral) allowing low
uncertainty measurements to be conducted. Scans defined for FCC applications utilize a
10mm?* step integral, with 1mm interpolation used to locate the peak SAR area used for
zoom scan assessments.

When an Area Scan has measured all reachable points, it computes the field maxima
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 1528-2003, EN 50361 and IEC 62209 standards, whereby 3 dB is a requirement
when compliance is assessed in accordance with the ARIB standard (Japan).

2.1.3. Zoom Scan (Cube Scan Averaging)

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. A density of 1000 kg/m® is used to
represent the head and body tissue density and not the phantom liquid density, in order to
be consistent with the definition of the liquid dielectric properties, i.e. the side length of the
1 g cube is 10mm, with the side length of the 10 g cube 21,5mm.

The zoom scan integer steps can be user defined so as to reduce uncertainty, but normal
practice for typical test applications utilize a physical step of 7x7x7 (5mmx5mmx5mm)
providing a volume of 30mm in the X & Y axis, and 30mm in the Z axis.

2.1.4. Uncertainty of Inter-/Extrapolation and Averaging

In order to evaluate the uncertainty of the interpolation, extrapolation and averaged SAR
calculation algorithms of the Postprocessor, DASY5 allows the generation of
measurement grids which are artificially predefined by analytically based test functions.
Therefore, the grids of area scans and zoom scans can be filled with uncertainty test data,
according to the SAR benchmark functions of IEEE 1528.The three analytical functions
shown in equations as below are used to describe the possible range of the expected
SAR distributions for the tested handsets. The field gradients are covered by the spatially
flat distribution f1, the spatially steep distribution f3 and f2 accounts for H-field cancellation
on the phantom/tissue surface.
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2.2. DASYS5 E-Field Probe
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2(a + 22)2

The SAR measurement is conducted with the dosimetric probe manufactured by SPEAG.
The probe is specially designed and calibrated for use in liquid with high permittivity. The
dosimetric probe has special calibration in liquid at different frequency.

SPEAG conducts the probe calibration in compliance with international and national
standards (e.g. IEEE 1528, EN 62209-1, IEC 62209, etc.) under ISO 17025. The

calibration data are in Appendix D.

2.2.1. Isotropic E-Field Probe Specification

Model EX3DV4

Construction

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

probe axis)

DGBE)
Frequency 10 MHz to 6 GHz

Linearity: £ 0.2 dB (30 MHz to 6 GHz)
Directivity 1 0.3 dB in HSL (rotation around probe axis)

t+ 0.5 dB in tissue material (rotation normal to

Dynamic Range |10 yW/g to 100 mW/g

Linearity: £ 0.2 dB (noise: typically < 1 yW/q)

(e.g., very strong gradient fields).

30%.

Dimensions Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers:
1 mm
Application High precision dosimetric measurements in any exposure scenario

Only probe which enables

compliance testing for frequencies up to 6 GHz with precision of better
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2.3. Boundary Detection Unit and Probe Mounting Device

The DASY probes use a precise connector and an
additional holder for the probe, consisting of a plastic tube
and a flexible silicon ring to center the probe. The
connector at the DAE is flexibly mounted and held in the
default position with magnets and springs. Two switching
systems in the connector mount detect frontal and lateral
probe collisions and trigger the necessary software

response.

2.4. DATA Acquisition Electronics (DAE) and Measurement Server

The data acquisition electronics (DAE) consists of a highly
sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a
fast 16 bit AD-converter and a command decoder and
control logic unit.

Transmission to the measurement server is accomplished
through an optical downlink for data and status
information as well as an optical uplink for commands and

the clock.

The input impedance of the DAE4 is 200M Ohm; the
inputs are symmetrical and floating. Common mode
rejection is above 80dB.

The DASY5 measurement server is based on a PC/104
CPU board with a 400MHz intel ULV Celeron, 128MB
chipdisk and 128MB RAM. The necessary circuits for
communication with the DAE electronics box, as well as
the 16 bit AD converter system for optical detection and
digital I/O interface are contained on the DASY5 I/O board,
which is directly connected to the PC/104 bus of the CPU

board.
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2.5. Robot

The DASYS system uses the high precision robots TX90

XL type out of the newer series from Staubli SA (France).

For the 6-axis controller DASY5 system, the CS8C robot

controller version from Staubli is used.

The XL robot series have many features that are important

for our application:

» High precision (repeatability 0.02 mm)

» High reliability (industrial design)

» Jerk-free straight movements

» Low ELF interference (the closed metallic
construction shields against motor control fields)

» 6-axis controller

2.6. Light Beam Unit

The light beam switch allows automatic "tooling" of the
probe. During the process, the actual position of the probe
tip with respect to the robot arm is measured, as well as
the probe length and the horizontal probe offset. The
software then corrects all movements, such that the robot
coordinates are valid for the probe tip.

The repeatability of this process is better than 0.1 mm. If a
position has been taught with an aligned probe, the same
position will be reached with another aligned probe within
0.1 mm, even if the other probe has different dimensions.
During probe rotations, the probe tip will keep its actual
position.
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2.7. Device Holder

The DASY5 device holder is designed to cope with
different positions given in the standard. It has two scales
for the device rotation (with respect to the body axis) and
the device inclination (with respect to the line between the
ear reference points). The rotation center for both scales
is the ear reference point (EPR).

Thus the device needs no repositioning when changing
the angles.

The DASY5 device holder has been made out of low-loss
POM material having the following dielectric parameters:
relative permittivity er =3 and loss tangent 6 = 0.02. The
amount of dielectric material has been reduced in the
closest vicinity of the device, since measurements have
suggested that the influence of the clamp on the test
results could thus be lowered.

2.8. SAM Twin Phantom

The SAM twin phantom is a fiberglass shell phantom with
2mm shell thickness (except the ear region where shell
thickness increases to 6mm). It has three measurement
areas:

» Left head

» Right head

» Flat phantom

The bottom plate contains three pair of bolts for locking the device holder. The device

holder positions are adjusted to the standard measurement positions in the three

sections. A white cover is provided to tap the phantom during off-periods to prevent water

evaporation and changes in the liquid parameters. On the phantom tip, three reference

markers are provided to identify the phantom position with respect to the robot.
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3. Tissue Simulating Liquid

3.1. The composition of the tissue simulating liquid

INGREDIENT |2450MHz

(% Weight) Head
Water 46.7
Salt 0.00
Sugar 0.00
HEC 0.00
Preventol 0.00
DGBE 53.3
Triton X-100 0.00
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3.2. Tissue Calibration Result

The dielectric parameters of the liquids were verified prior to the SAR evaluation using
DASY5 Dielectric Probe Kit and Agilent Vector Network Analyzer E5071C
For FCC:

Head Tissue Simulant Measurement
Frequency o Dielectric Parameters Tissue Temp.
Description o
[MHZ] e G [s/m] [°C]
Reference result 39.2 1.80 N/A
2450MHz + 5% window 37.24 to 41.16 1.71t0 1.89
05-12-2017 38.50 1.84 21.0
For IC:
Head Tissue Simulant Measurement (Test Data: 05-12-2017)
Dielectric Parameters
Frequency Tissue Temp.
MHz] Channel | permittivity | Conductivity | Permittivity | Conductivity | Delta (¢,) | Delta (o) [Cl
€ c Target &, Target o % %
2402 Low CH 40.47 1.73 39.26 1.75 3.08 -1.14 21.0
2441 Mid CH 39.42 1.81 39.21 1.79 0.54 1.12 21.0
2450 Mid CH 38.50 1.84 39.20 1.80 -1.79 2.22 21.0
2480 High CH 38.04 1.86 38.46 1.85 -1.09 0.54 21.0
Note:

1. The delta (e) and (o) are within £5%, delta SAR value was not calculated in this report.
2. As per IEC 62209-2 Annex F, the SAR correction factor is given by:

ASAR = ¢, Agp+ ¢ AT

For the1g average SAR Ce and Co are given by:

Ce = -7.854x10M-4fA3 + 9.402x101-3f 2 — 2.742x10"-2f — 0.2026

Co = 9.804x107-3fA3 — 8.661x10"-2f2 + 2.981x10"-2f + 0.7829

Where f is the frequency in GHz.

Head Tissue Simulant Measurement (Test Data: 05-12-2017)
Frequency Dielectric Parameters Tissue Temp.
Channel
[MHzZ] Delta (¢,) % | Delta (c) % Ce Co Delta SAR% [°C]
2402 Low CH 3.08 -1.14 -0.23 -0.02 -0.67 21.0
2441 Mid CH 0.54 1.12 -0.22 -0.03 -0.15 21.0
2450 Mid CH -1.79 2.22 -0.22 -0.03 0.34 21.0
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2480 High CH -1.09 0.54 -0.22 -0.03 0.23 21.0

Note: The ASAR refers to the percent change in SAR relative to the percent change in dielectric properties versus the target
values. Anegative ASAR would translate to a lower measured SAR value than what would be measured if using dielectric
properties equal to the target values. A positive ASAR would translate to a higher measured SAR value than what would be
measured if using dielectric properties equal to the target values. SAR correction shall not be made when the ASAR has a
positive sign to provide a conservative SAR value.The SAR is only corrected when ASAR has a negative sign.
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3.3. Tissue Dielectric Parameters for Head and Body Phantoms

The head tissue dielectric parameters recommended by the IEEE SCC-34/SC-2 in P1528
have been incorporated in the following table. These head parameters are derived from
planar layer models simulating the highest expected SAR for the dielectric properties and
tissue thickness variations in a human head. Other head and body tissue parameters that
have not been specified in P1528 are derived from the tissue dielectric parameters
computed from the 4-Cole-Cole equations described in Reference [12] and extrapolated
according to the head parameters specified in P1528.

Target Frequency Head Body
(MHz) &r o (S/m) &r o (S/m)
150 52.3 0.76 61.9 0.80
300 45.3 0.87 58.2 0.92
450 43.5 0.87 56.7 0.94
835 41.5 0.90 55.2 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 40.3 1.29 53.8 1.40
1800 — 2000 40.0 1.40 53.3 1.52
2450 39.2 1.80 52.7 1.95
3000 38.5 2.40 52.0 2.73
5800 35.3 5.27 48.2 6.00

(e = relative permittivity, o = conductivity and p = 1000 kg/m®)
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4. SAR Measurement Procedure

4.1. SAR System Validation
4.1.1. Validation Dipoles

AN,
| T The dipoles used is based on the IEEE-1528
‘ \\ \\@?& - T standard, and is complied with mechanical
=y and electrical specifications in line with the
P requirements of both IEEE and FCC
Supplement C. the table below provides
i details for the mechanical and electrical
~7i specifications for the dipoles.
couxial feed :\ %
&
;’“ﬁ;m/ﬁ )
Frequency L (mm) h (mm) d (mm)
2450MHz 53.5 30.4 3.6
4.1.2. Validation Result
System Performance Check at 2450MHz
Validation Dipole: D2450V2, SN: 839
Frequency L SAR [w/kg] SAR [w/kg] Tissue Temp.
[MHZ] Description 1g 10g ]
Reference result 51.3 23.9 N/A
2450 MHz + 10% window 46.17 to 56.43 21.51 t0 26.29
05-12-2017 52.8 23.6 21.0
Note: All SAR values are normalized to 1W forward power.
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4.2, SAR Measurement Procedure

The DASY 5 calculates SAR using the following equation,

cr|E :
S4R=—""
o

o: represents the simulated tissue conductivity

p: represents the tissue density

The EUT is set to transmit at the required power in line with product specification, at each
frequency relating to the LOW, MID, and HIGH channel settings.

Pre-scans are made on the device to establish the location for the transmitting antenna,
using a large area scan in either air or tissue simulation fluid.

The EUT is placed against the Universal Phantom where the maximum area scan
dimensions are larger than the physical size of the resonating antenna. When the scan
size is not large enough to cover the peak SAR distribution, it is modified by either
extending the area scan size in both the X and Y directions, or the device is shifted within
the predefined area.

The area scan is then run to establish the peak SAR location (interpolated resolution set
at 1mm? ) which is then used to orient the center of the zoom scan. The zoom scan is then
executed and the 1g and 10g averages are derived from the zoom scan volume
(interpolated resolution set at 1mm?).
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4.3. SAR Measurement Conditions for 802.11 Device

4.3.1. Duty Factor Control

Unless it is permitted by specific KDB procedures or continuous transmission is
specifically restricted by the device, the reported SAR must be scaled to 100%
transmission duty factor to determine compliance at the maximum tune-up tolerance limit.

4.3.2. Initial Test Position SAR Test Reduction Procedure

DSSS and OFDM configurations are considered separately according to the required SAR
procedures. SAR is measured in the initial test position using the 802.11 transmission
mode configuration required by the DSSS procedure or initial test configuration and
subsequent test configuration(s) according to the OFDM procedures.16 The initial test
position procedure is described in the following:

When the reported SAR of the initial test position is < 0.4 W/kg, further SAR measurement
is not required for the other (remaining) test positions in that exposure configuration and
802.11 transmission mode combinations within the frequency band or aggregated band.
SAR is also not required for that exposure configuration in the subsequent test
configuration(s).

a) When the reported SAR of the initial test position is > 0.4 W/kg, SAR is repeated for the
802.11 transmission mode configuration tested in the initial test position using subsequent
highest extrapolated or estimated 1-g SAR conditions determined by area scans or next
closest/smallest test separation distance and maximum RF coupling test positions based
on manufacturer justification, on the highest maximum output power channel, until the
reported SAR is < 0.8 W/kg or all required test positions (left, right, touch, tilt or
subsequent surfaces and edges) are tested.

b) For all positions/configurations tested using the initial test position and subsequent test
positions, when the reported SAR is > 0.8 W/kg, SAR is measured for these test
positions/configurations on the subsequent next highest measured output power
channel(s) until the reported SAR is < 1.2 W/kg or all required channels are tested.
Additional power measurements may be required for this step, which should be limited to
those necessary for identifying the subsequent highest output power channels.
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5. SAR Exposure Limits

SAR assessments have been made in line with the requirements of IEEE-1528, FCC
Supplement C, and comply with ANSI/IEEE C95.1-1992 “Uncontrolled Environments”
limits. These limits apply to a location which is deemed as “Uncontrolled Environment”
which can be described as a situation where the general public may be exposed to an
RF source with no prior knowledge or control over their exposure.

Limits for General Population/Uncontrolled Exposure (W/kQ)

Type Exposure Uncontrolled
Environment Limit
Spatial Peak SAR (1g cube tissue for brain or body) 1.60 Wikg
Spatial Average SAR (whole body) 0.08 W/kg
Spatial Peak SAR (10g for hands, feet, ankles and wrist) 4.00 W/kg
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6. Test Equipment List

Instrument Manufacturer Model No. Serial No. Cali. Due Date
Staubli Robot TX60L  [Staubli TX60L F10/5C90A1/A/01 [N/A
Controller Staubli SP1 S-0034 N/A
Dipole Validation Kits  |Speag D2450V2 839 2018.02.08
SAM Twin Phantom Speag SAM TP-1561/1562 N/A
Device Holder Speag SD 000 HO1 HA  [N/A N/A
Data Speag DAE4 1220 2018.02.20
Acquisition Electronic
E-Field Probe Speag EX3DV4 3710 2018.02.22
SAR Software Speag DASY5 V5.2 Build 162 N/A
Power Amplifier Mini-Circuit Z\VA-183-S+ N657400950 N/A
Directional Coupler Agilent 778D 20160 N/A
Universal Radio|R&S CMU 200 117088 2018.03.10
Communication Tester
\Vector Network Agilent E5071C MY48367267 2018.03.10
Signal Generator Agilent E4438C MY49070163 2018.03.10
Power Meter Anritsu ML2495A 0905006 2017.10.29
Wide Bandwidth Sensor|Anritsu MA2411B 0846014 2017.10.29
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7. Measurement Uncertainty
DASY5 Uncertainty according to IEEE std. 1528-2013

Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram / 10 gram.
Error Description Uncert. | Prob. | Div. (ci) (ci) Std. Std. (vi)

value Dist. 19 10g Unc. Unc. Veff

(19) (10g)

Measurement System
Probe Calibration 16.0% N 1 1 1 16.0% 16.0% 0
Axial Isotropy +47% | R V3 0.7 07 1.9% | £1.9% |«
Hemispherical Isotropy | £9.6% R k] 0.7 0.7 +3.9% +3.9% 0
Boundary Effects +1.0% |R V3 1 1 +0.6% |+0.6% |
Linearity +47% | R V3 1 1 £27% | £27% |
System Detection Limits | #1.0% | R V3 1 1 +0.6% | +0.6% |«
Readout Electronics 10.3% N 1 1 1 10.3% 10.3% 0
Response Time +08% |R V3 1 1 +0.5% | +0.5% |«
Integration Time +26% |R V3 1 1 $1.5% |[£1.5% |«
RF Ambient Noise +3.0% R V3 1 1 +1.7% +1.7% 0
RF Ambient Reflections | +3.0% | R V3 1 1 #1.7% |#1.7% | =
Probe Positioner +04% |R V3 1 1 +0.2% | +0.2% |«
Probe Positioning 12.9% R V3 1 1 +1.7% 1.7% 0
Max. SAR Eval. 1.0% |R V3 1 1 10.6% | $0.6% |«
Test Sample Related
Device Positioning 12.9% N 1 1 1 12.9% 12.9% 145
Device Holder 13.6% N 1 1 1 13.6% 13.6% 5
Power Drift 15.0% | R V3 1 1 12.9% | 12.9% |«
Phantom and Setup
Phantom Uncertainty +4.0% |R V3 1 1 $23% |[423% |
Liquid Conductivity —

5.0% |R V3 0.64 043 1.8% |£1.2% |«
(target)
Liquid Conductivity

+25% | N 1 0.64 0.43 +1.6% | £1.1% | =
(meas.)
Liquid Permittivity _

5.0% |R V3 0.6 0.49 #M1.7% | $1.4% |«
(target)
Liquid Permittivity

+25% | N 1 0.6 0.49 +1.5% | £1.2% | =
(meas.)
Combined Std. Uncertainty £11.0% | £10.8% | 387
Expanded STD Uncertainty 122.0% | £21.5%

Page: 25 of 66



Report No.: 1742016R-HP-US-P03V01 > D E K RA

DASY5 Uncertainty according to IEEE std. 1528-2013

Measurement uncertainty for 3 GHz to 6 GHz averaged over 1 gram / 10 gram.
Error Description Uncert. | Prob. | Div. (ci) (ci) Std. Std. (vi)

value Dist. 19 10g Unc. Unc. Veff

(19) (109)

Measurement System
Probe Calibration 16.55% | N 1 1 1 16.55% | £6.55% | =
Axial Isotropy 14.7% R V3 0.7 0.7 £1.9% £1.9% o0
Hemispherical Isotropy | £9.6% R V3 0.7 0.7 +3.9% +3.9% 0
Boundary Effects +20% |R V3 1 1 #1.2% |[+#1.2% |
Linearity +47% |R V3 1 1 £27% | £27% |
System Detection Limits | #1.0% | R V3 1 1 +0.6% | *0.6% |«
Readout Electronics 10.3% N 1 1 10.3% 10.3% |«
Response Time +0.8% |R V3 1 1 +0.5% | #0.5% |
Integration Time +26% |R V3 1 1 $15% |+1.5% |
RF Ambient Noise +3.0% R V3 1 1 +1.7% +1.7% 0
RF Ambient Reflections | +3.0% | R V3 1 1 #1.7% |#1.7% |
Probe Positioner +0.8% |R V3 1 1 +0.5% | 0.5% |«
Probe Positioning +99% |R V3 1 1 +57% | #5.7% |
Max. SAR Eval. $4.0% |R V3 1 1 12.3% | 12.3% |
Test Sample Related
Device Positioning 12.9% N 1 1 1 12.9% 12.9% 145
Device Holder 13.6% N 1 1 1 13.6% 3.6% |5
Power Drift 50% |R V3 1 1 129% | $29% |
Phantom and Setup
Phantom Uncertainty +40% |R Wi} 1 1 $23% |423% |
Liquid Conductivity —

#50% |R V3 0.64 0.43 $1.8% | +1.2% |
(target)
Liquid Conductivity
(meas.) +25% | N 1 0.64 0.43 $1.6% |£11% |
Liquid Permittivity _

#50% |R V3 0.6 0.49 $1.7% | £1.4% | =
(target)
Hauid Permittivity +25% | N 1 0.6 0.49 £1.5% | £1.2% | =
(meas.)
Combined Std. Uncertainty £12.8% | £12.6% | 330
Expanded STD Uncertainty 125.6% | £25.2%
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DASY5 Uncertainty according to IEC 62209-2/2010
Measurement uncertainty for 30 MHz to 6 GHz averaged over 1 gram / 10 gram.

Error Description Uncert. | Prob. | Div. (ci) (ci) Std. Std. (vi)
Value Dist. 1g 10g Unc. Unc. Veff
(19) (109)
Measurement System
Probe Calibration $6.5% | N 1 1 1 16.5% | 6.5% o0
Axial Isotropy +4.7% R k] 0.7 0.7 11.9% £1.9% o0
Hemispherical Isotropy 19.6% R k] 0.7 0.7 +3.9% +3.9% 0
Boundary Effects +20% |R V3 1 1 #1.2% [ +12% |«
Linearity +47% | R V3 1 1 27% | +27% |«
Modulation Response +24% | R V3 1 1 #1.4% | +14% |«
System Detection Limits +1.0% |R V3 1 1 +0.6% | 10.6% |«
Readout Electronics $0.3% | N 1 1 1 10.3% | £0.3% o0
Response Time +08% | R k] 1 1 +05% | #05% |«
Integration Time +26% |R V3 1 1 #1.5% | +15% |
RF Ambient Noise +3.0% |R V3 1 1 #1.7% | #1.7% | =
RF Ambient Reflections +3.0% R V3 1 1 +1.7% +1.7% o0
Probe Positioner +0.8% |R V3 1 1 +0.5% | 20.5% |
Probe Positioning +6.7% R V3 1 1 +3.9% +3.9% 0
Post-processing +4.0% | R V3 1 1 +23% | +23% |«
Test Sample Related
Test Sample Positioning +29% | N 1 1 1 +29% | +2.9% | 145
Device Holder +3.6% | N 1 1 1 +3.6% |13.6% |5
Power Drift +0.0% |R V3 1 1 +0.0% | 20.0% |
Power Scaling +5.0% | R V3 1 1 $29% | +2.9% |
Phantom and Setup
Phantom Uncertainty +7.9% | R V3 1 1 +46% | +4.6% |
SAR correction +1.9% |R V3 1 1 +1.1% | 20.9% |
Liquid Conductivity (meas.) 12.5% N 0.78 0.71 12.0% £1.8% o0
Liquid Permittivity (meas.) 2.5% | N 1 0.26 0.26 10.6% | £0.7% o0
Temp. unc. - Conductivity 15.2% R V3 0.78 0.71 12.3% 12.1% 0
Temp. unc. - Permittivity 10.8% R V3 0.23 0.26 10.1% 10.1% 0
Combined Std. Uncertainty 112.8% | £12.7% | 748
Expanded STD Uncertainty 125.6% | £25.4%
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8.

Conducted Power Measurement

Test Mode Frequency | Avg. Burst Power | Max. Power |Scaling Factor
(MHz) (dBm) (dBm)
2402 6.08 6.5 1.102
1Mbps(GFSK_DH5) 2441 7.68 8.5 1.208
2480 8.39 8.5 1.026
2402 3.91 4.0 1.021
2Mbps(Pi/4
2441 6.26 7.0 1.186
DQPSK_DHS5)
2480 6.97 7.0 1.007
2402 4.11 4.5 1.094
3Mbps(8DPSK_DH5) 2441 6.52 7.5 1.253
2480 7.23 7.5 1.064
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9. Test Procedures

9.1. SAR Test Results Summary

SAR MEASUREMENT

Ambient Temperature (°C):21.5+2

Relative Humidity (%): 52

Liquid Temperature (°C) : 21.0£ 2

Depth of Liquid (cm):>15

Product: Bluetooth Headset

Frequency: 2402 ~ 2480 MHz

Test Mode: DH5

Test Position | Antenn
oo | o o | T | S| e | S | ey |
(Omm gap) n (dBm) (<0.2) (W/kg)
Front Fixed 2402 6.08 -0.09 | 0.133 1.102 0.147 1.6
Front Fixed 2441 7.68 -0.03 | 0.388 | 1.208 0.469 1.6
Front Fixed | 2480 8.39 002 | 0471 | 1026 0.483 16
Back Fixed 2480 8.39 -0.01 0.132 1.026 0.135 16
Right-side Fixed 2480 8.39 -0.01 0.099 1.026 0.102 16
Left-side | Fixed | 2480 8.39 009 | 0149 | 1.026 0.153 16

SAR MEASUREMENT

Ambient Temperature (°C): 215+ 2

Relative Humidity (%): 52

Liquid Temperature (°C) : 21.0 £ 2

Depth of Liquid (cm):>15

Product: Bluetooth Headset

Frequency: 2402 ~ 2480 MHz

Test Mode: DH5

Test

Position | Antenna | Frequency Scaled SAR 1g Corrected SAR 1g Limit

Body Position |  (MHz) (W/kg) SAR (Wikg) (W/kg)
(Omm gap)

Front Fixed 2402 0.147 -0.67 0.148 1.6

Front Fixed 2441 0.469 0.15 0.472 16

SAR MEASUREMENT
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Ambient Temperature (°C): 215+ 2 Relative Humidity (%): 52

Liquid Temperature (°C) : 21.0 £ 2 Depth of Liquid (cm):>15

Product: Bluetooth Headset

Frequency: 2402 ~ 2480 MHz

Test Mode: DH5

i Antenn
Vvt | || | St | SRS

(Omm gap) n (dBm) d/c (W/kg)
Front Fixed 2402 6.08 0.148 0.037 1.6
Front Fixed 2441 7.68 0.472 0.118 1.6
Front Fixed 2480 8.39 0.483 0.121 1.6
Back Fixed 2480 8.39 0.135 0.034 1.6
Right-side Fixed 2480 8.39 0.102 0.026 1.6
Left-side Fixed 2480 8.39 0.153 0.038 1.6

Note 1: * - repeated at the highest measured SAR according to the FCC KDB 865664

2: When the reported SAR of the initial test position is > 0.4 W/kg, on the highest maximum output
power channel, until the reported SAR is < 0.8 W/kg or all required test positions (left, right, touch, tilt or
subsequent surfaces and edges) are tested.

3: For all positions/configurations tested using the initial test position and subsequent test positions,
when the reported SAR is > 0.8 W/kg, SAR is measured for these test positions/configurations on the
subsequent next highest measured output power channel(s) until the reported SAR is < 1.2 W/kg or
all required channels are tested.

4: Reported SAR were scaled to the maximum duty factor to demonstrate compliance per FCC KDB

248227 D01 802.11 Wi-Fi SAR v02r02.

5: The justification for SAR scaling to 25% factor shown in the above data table is based on the
following rationale provided by Plantronics: The "most transmitter on percentage" steady-state transmit-side
RF mode that a headset that we ship these days would be modulating in GFSK (the least efficient) SCO,
and for steady-state operation (ignoring transient states) HV1, that being a 64kbit/sec net transmit
data-stream. The duty cycle would be: 240 bits payload (no payload header is present) 68 bits shortened
access code (since no payload header follows) 4 bits ramping margin which, at 1.0uS/bit GFSK, is then

312uS with the transmitter on sent every 1250uS, or a duty cycle of 25%.
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9.2. Test position and configuration

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

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

3. SAR results were scaled to the maximum allowed power to demonstrate compliance per FCC KDB
Publication 447498 D01v06.
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Appendix A. SAR System Validation Data

Date/Time: 05-12-2017
Test Laboratory: DEKRA Lab

System Check Head 2450MHz

DUT: Dipole 2450 MHz D2450V2; Type: D2450V2

Communication System: UID 0, CW; Communication System Band: Exported from older format (data
unavailable - please correct).; Duty Cycle: 1:1; Frequency: 2450 MHz; Medium parameters used: f = 2450
MHz; 0 = 1.84 S/m; er = 38.5; p = 1000 kg/m3 ; Phantom section: Flat Section ; Input Power=250mW
Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Head 2450MHz/Area Scan (6x10x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (measured) = 15.6 W/kg

Configuration/Head 2450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm, Reference Value = 94.53 V/m; Power Drift = 0.12 dB

Peak SAR (extrapolated) = 33.3 W/kg

SAR(1 g) = 13.2 W/kg; SAR(10 g) = 5.9 W/kg Maximum value of SAR (measured) = 17.3 W/kg

-4.62

-9.23

-13.85

-18.46

-23.08

0dB =17.3 W/kg = 12.38 dBW/kg
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Appendix B. SAR measurement Data

Date/Time: 05-12-2017
Test Laboratory: DEKRA Lab
Bluetooth 2402MHz DH5 Body Front
DUT: Bluetooth headset; Type: S3XX17
Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2402 MHz; Medium parameters used: f = 2402 MHz; 6 = 1.73 S/m; er = 40.47; p = 1000 kg/m3 ;
Phantom section: Flat Section
Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0
DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2402MHz DH5 Body Front/Area Scan (11x11x1): Measurement grid: dx=12mm,
dy=12mm;Maximum value of SAR (measured) = 0.141 W/kg

Configuration/Bluetooth 2402MHz DH5 Body Front/Zoom Scan (5x5x7)/Cube O: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 7.340 V/m; Power Drift = -0.09 dB;Peak SAR (extrapolated) = 0.373 W/kg

SAR(1 g) =0.133 W/kg; SAR(10 g) = 0.051 W/kg;Maximum value of SAR (measured) = 0.151 W/kg

-3.00

-6.00

-9.00

-12.00

-15.00

0dB =0.151 W/kg = -8.21 dBW/kg
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Date/Time: 05-12-2017

Test Laboratory: DEKRA Lab

Bluetooth 2441MHz DH5 Body-Front

DUT: Bluetooth headset; Type: S3XX17

Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2480 MHz; Medium parameters used: f = 2441 MHz; o = 1.88 S/m; er = 40.25; p = 1000 kg/m3 ;
Phantom section: Flat Section

Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2441MHz DH5 Body Front/Area Scan (11x11x1): Measurement grid: dx=12mm,
dy=12mm;Maximum value of SAR (measured) = 0.627 W/kg

Configuration/Bluetooth 2441MHz DH5 Body Front/Zoom Scan (5x5x7)/Cube O: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 7.290 V/m; Power Drift = -0.03 dB;Peak SAR (extrapolated) = 1.38 W/kg

SAR(1 g) =0.388 W/kg; SAR(10 g) = 0.113 W/kg

Maximum value of SAR (measured) = 0.601 W/kg

[—9
S m

-3.00

-6.00

-9.00

-12.00

-15.00

0 dB = 0.601 W/kg = -2.21 dBW/kg
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Date/Time: 05-12-2017

Test Laboratory: DEKRA Lab

Bluetooth 2480MHz DH5 Body-Front

DUT: Bluetooth headset; Type: S3XX17

Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2480 MHz; Medium parameters used: f = 2480 MHz; o = 1.86 S/m; er = 40.04; p = 1000 kg/m3 ;
Phantom section: Flat Section

Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2480MHz DH5 Body Front/Area Scan (9x9x1): Measurement grid: dx=12mm,
dy=12mm Maximum value of SAR (measured) = 0.479 W/kg

Configuration/Bluetooth 2480MHz DH5 Body Front/Zoom Scan (5x5x7)/Cube O: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 8.833 V/m; Power Drift = -0.02 dB Peak SAR (extrapolated) = 1.26 W/kg

SAR(1 g) = 0.471 W/kg; SAR(10 g) = 0.212 W/kg

Maximum value of SAR (measured) = 0.539 W/kg

-2.50

-5.00

-7.49

-9.99

-12.49

0 dB = 0.539 W/kg = -2.68 dBW/kg
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Date/Time: 05-12-2017

Test Laboratory: DEKRA Lab

Bluetooth 2480MHz DH5 Body-Back

DUT: Bluetooth headset; Type: S3XX17

Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2480 MHz; Medium parameters used: f = 2480 MHz; o = 1.86 S/m; er = 40.04; p = 1000 kg/m3 ;
Phantom section: Flat Section

Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2480MHz DH5 Body Back/Area Scan (11x11x1):Measurement grid: dx=12mm,
dy=12mm;Maximum value of SAR (measured) = 0.153 W/kg

Configuration/Bluetooth 2480MHz DH5 Body Back /Zoom Scan (5x5x7)/Cube O: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 5.647 VV/m; Power Drift = -0.01 dB;Peak SAR (extrapolated) = 0.491 W/kg

SAR(1 g) =0.132 W/kg; SAR(10 g) = 0.048 W/kg

Maximum value of SAR (measured) = 0.160 W/kg

-2.00

-4.00

-6.00

-8.00

-10.00

0 dB = 0.160 W/kg = -7.96 dBW/kg
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Date/Time: 05-12-2017

Test Laboratory: DEKRA Lab

Bluetooth 2480MHz DH5 Body-Right side

DUT: Bluetooth headset; Type: S3XX17

Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2480 MHz; Medium parameters used: f = 2480 MHz; o = 1.86 S/m; er = 40.04; p = 1000 kg/m3 ;
Phantom section: Flat Section

Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2480MHz DH5 Body Right side/Area Scan (11x11x1): Measurement grid:
dx=12mm, dy=12mm;Maximum value of SAR (measured) = 0.0995 W/kg

Configuration/Bluetooth 2480MHz DH5 Body Right side /Zoom Scan (5x5x7)/Cube 0: Measurement
grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 3.693 V/m; Power Drift = -0.01 dB;Peak SAR (extrapolated) = 0.282 W/kg

SAR(1 g) = 0.099 W/kg; SAR(10 g) = 0.039 W/kg

Maximum value of SAR (measured) = 0.127 W/kg

-3.00

-6.00

-9.00

-12.00

-15.00

0 dB =0.127 W/kg = -8.96 dBW/kg
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Date/Time: 05-12-2017

Test Laboratory: DEKRA Lab

Bluetooth 2480MHz DH5 Body-Left side

DUT: Bluetooth headset; Type: S3XX17

Communication System: UID 0, Bluetooth (0); Communication System Band: ISM Band; Duty Cycle: 1:1.0;
Frequency: 2480 MHz; Medium parameters used: f = 2480 MHz; o = 1.86 S/m; er = 40.04; p = 1000 kg/m3 ;
Phantom section: Flat Section

Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.4, 7.4, 7.4); Calibrated: 23/02/2017;

e Sensor-Surface: 4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn1220; Calibrated: 21/02/2017

e Phantom: SAM1; Type: SAM; Serial: TP1561

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

Configuration/Bluetooth 2480MHz DH5 Body Left side/Area Scan (11x11x1): Measurement grid:
dx=12mm, dy=12mm;Maximum value of SAR (measured) = 0.157 W/kg

Configuration/Bluetooth 2480MHz DH5 Body Left side /Zoom Scan (5x5x7)/Cube 0: Measurement grid:
dx=8mm, dy=8mm, dz=5mm

Reference Value = 7.316 V/m; Power Drift = -0.09 dB;Peak SAR (extrapolated) = 0.418 W/kg

SAR(1 g) = 0.149 W/kg; SAR(10 g) = 0.057 W/kg

Maximum value of SAR (measured) = 0.169 W/kg

[—9
S m

-1.00

-2.00

-3.00

-4.00

-5.00

0 dB = 0.169 W/kg = -7.72 dBW/kg
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Appendix C. Probe Calibration Data

Calibration Laboratory of ey

Schmid & Partner —y
Engineering AG

Zeughaussirasse 43, 3004 Turich, Switzerand

Schwaizarischar Kalibrierdisnst
Service suisse d'étalonnago
Sorvizio svizzero di larsiura
Swiss Calibration Service

oW

Accradned by the Swiss Accredintion Service |SAS] Accreditaton Mo.: SCS 0108
The Swiss Aocreditotion Sorvice is one of the signatories to the EA

Multilataral Agresment los ibe recognidion of calibration certificates

cuent  OTK-CN (Auden) Cartificste No: EX3-3710_Feb17
[CALIBRATION CERTIFICATE |
‘ [bjmct EX30DV4 - SN:3T10

QA CAL-D1.vD, OA CAL-12 v3, QA CAL-14.v4, DA CAL-23.v5,
QA CAL-25.v6
Calibration procedure for dosimetne E-field probes

Calbrslion procetuorsis|

Cafbration date

February 23, 2017

Tres cafibralion cadilicats Bocumunls iha irscsabilly b nalicrssl standards. which realoe the physcal unis ol measaements. (51
Thit measumements and the uncertainties with confidence prohabiiy ara givan on ihe Solowng pages and ane perl of the cedificate

AR calbralions fines besm conducted in e cicsed taboralory faciny: ermmranmant bemperature (22 & 31°C and hurmsdty < T0%

Calibratan Equipirenl ussd [METE crécal for culibraton|

| Prmary Standards [ | Cal Date (Cavtificane .} | Schecusd Catbraton
Povar matar NRP | SN 104778 | 8-Aa-1E {Na. 217-022RRMZ2AG) | Apra?

. Power sansor RP-291 | BN 103344 | Cei-fpe-16 (Mo, 217-02288) | Apr-T

| Prwer semsnr WRP. 291 SN 103248 | O5-hge- 16 (Mo, 217-03260) | AT
Aefgremce 20 6B Afenuion En: BRITT |20 (5-Ape- 16 (o, 217-02503) Ap1T

| AelsiEnce Probe ESI0N2 8 311 X:Opc:16 (Mo ES3-2013 DaciE) | Dec-17
DAES SM: 650 T-Dimc- 16 {MNo. DAES.560_Dec i) [Hm:u‘
tﬁ.eb_wmr;-_gpagﬁﬁ o Chachk Dute (in houss) Schaduled Check
Fower mater E44158 SM GB41283674 DE-Ape-18 [0 house check Jur-16] 11 hovas checic Jun-18
Power sermor £E44124, SN WYL 1458007 DE-Ape-1 [m house check Jur-16] In hoisse check. Jur-18
Porarer sensor E447128, BN o000 [DiE-Apr-186 n house check Jur-16] In house cheek Jun-18
RF gensrator HP BG4aC SN LIEIAFU0TI00 (-8 (i Pousn check Jun- 163 in house chack. Jun-18_
Malwark Anglypel HF B753E | BN L1S37100585 18-0it01 o howse check Ot 18) In houss checc D17

MHame Fumction Bigirsiing

Calewrsted by Cloudo Leubier Labaratary Technican |" IE.:\
Approved by atja Pokowc Technical Managsr

A
LT A

Insued: Fabruary 27 2017

L This calbration cemificale shad not be reproduced sscapl 1 ful withoul wiben sponoal of the Inboratory

Cortdicate Mo EX3-3710_Feb 17 Fage 1. o8 17
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Calibration Laboratory of

Sohweizeriachor Halibrierdisnst
Schmid & Partner (s: Service sulsse d'dtaionnago
Engmﬂen.l"lg AG Servizio swizzern o terelurs
Iepghaussirasso 43, B004 Zurich, Switzsrfand 5 Swiss Calibration Service
Ancredien ty M Swes Acomeditabon Serace [SAS) Accreditation No.: SCS 0108
The Swiss Accreditaticn Sarvies is one of the signatonss to the EA
Multilateral Agreamant for the recognition of calibration cortificates
Glossary:
TaL fissue simuiating kguid
MORMsx.y, 2 sensilivity in frea space
ConvF sensitivity in TSL { NORMzx.y.z
oce diode compression point
CF crest factor { 1/duty_cycle) of the RF signal
AB.CD medubation dependent linearzation parameters
Polarzation ¢ i FotEtkon arsund probe atis
Palarization & i rotation around an axis that = in the plane normal 1o probe axis (al measurament centar).
L., § = 0 & normal lo probe axis
Connectar Angle infermation used in DASY system 1o align probe sensor X to the robot coordinale system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Praciice for Delermining ihe Peak Spailal-Averaged Speacific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

b) IEC 82208-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices usad in close
proximity bo the ear (frequency range of 300 MHz 1o 3 GHz)", February 2005

¢} |EC 62208-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless communication devices
used in glose proximity to the human body {frequency range of 30 MHz to 6 GHz)", Manch 2010

d) KDB B658E4. “5AR Measuroment Reguirements for 100 MHz to & GHz™

Methods Applied and Interpretation of Parameters:

L] NGRMx.y,z. Assassed for E-field polanzation & = 0 {f = 800 MHz i TEM-cell, f > 1800 MHz: R22 waveguide),
MORMx, vz ate only intermediate values, Le., the uncerainties of NORMx.y 7 does nat affect (he E°-field
uncerainty inskde TEL (see balow CanvF)

= NORM{fx .z = NORM= .z * requency _response (see Frequency Response Chart). This linearzation is
imptemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the stated uncertainty of Conwf.

=  DCPyy.z DCP are numarcal linearization parameters assessed based on the data of power sweegp with CW
gignal (o uncerainty required). DCP does nol depend on fraguency nor media

* PAR: PAR is the Peak to Average Ratio that iz not calirated but determingd based on Ihe signal
characiensiics

o Axpr Bepr Copr Dxyz VRxyz A B, C, D are numerical lineanzation paramelers assessed based on
the: data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
madia. ¥R is the maximum calibration range expressed in RMS vollage scross the diode

s ComeF and Boundary Effect Parameters: Assessed in flat phantom using E-field {or Temperature Transier
Standard for { £ B00 MHZ) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same satups are used lor assessment of the paramelers apphed for
boundary compensatan (alpha, septh) af which typical uncertainty values are given, These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary. The sensitivity in TSL comesponds
to NORMx .z * CanvE whereby the uncenainty corresponds to that given for ConeF. A frequency dependen
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHzZ fo £ 100
MMz,

« Sphercal isoropy (30 devialion from izotropyl: In a field of low gradients realized using a flal phantom
exposad by a patch antenna

& Senzor Offser The sensor offssl corresponds to the offsal of vwiual measuremant center from the probe tip
{on probe &as). Mo tolerance requeed

s Cohnector Angle: Tha angle is assessed wsing the information gained by determining the NORMx (no
uncertainty reguired]

Cartificain Mo EX3-3T10_Feb17 Page 2 08 11
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EX3DVE = SM:ATI0 Fibrmry 23, 2017

Probe EX3DV4

SN:3710

Manufactured: July 21, 2009
Calibrated: February 23, 2017

Calibrated for DASY/EASY Systems

[Nate: non-compatible with DASY2 system!)

Certificate Mo: EX3-3710 Febi? Page 3 of 11
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EX3DW4- SH:AT0 Fedwuary 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Basic Calibration Parameters

) Sensor X Sensor Y Sensor Z Unc (k=2}
Narrn (uhiyim)’) 0.39 038 047 101 %
DCP (mv)" Fr X I 02.0 9A.7
Modulation Calibration Parameters
[ D [ Communication System Name | A B cC | D VR unc:
! dB | 4By dB my =2}
[0 [ow x| 00 0.0 | 10 | 000 | 1515 | z30% |
' ¥ | 00 0.0 1.0 [ 1381 |
[z ] oo 0o 10 1525 |

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

* T uncataintias of Mo XY, Z do ral aMact (he EXReld urcestainty inside TSL (see Pages § and B)

¥ Humencal lineanzation paramaiar uncartainky rod reguined

F Uncansiry i deismined us ng e mak. deiation from brear esponse spphing mcisngular datriution and & expressed for the square of the
T b

Certificate No: EX3-3710_Febi7 Page 4 of 11
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EXIDV4- SN:3T10 February 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Head Tissue Simulating Media

L Relative | Conductivity [ [ iy Depth ” Unc

f (MHz} Fermittivity {Sifm) ConwFX | ConvFY ConvFZ | Alpha {mim) (k=2) |
450 43.5 087 | 10852 10.52 10.52 014 | 145 | £133%
750 41.8 0.89 013 10,13 : 1013 057 | 080 | £120%
| 835 41.5 0.80 .52 0.52 0.52 0.56 080 | £120%
200 4.5 0.87 5.23 823 8.23 0.54 080 | +120%
1810 400 140 | 834 i B34 B34 0.33 0.80 I +120%
1800 40.0 1.40 | 819 | 819 8.19 033 | 083 | +120%

2450 3.2 160 740 | 740 7.40 0.23 1.06 | +120% |
2600 39,0 1.96 7.17 747 7ar | oaz 0eg | +120%
3500 379 281 7.11 744 | 7 | 0.30 | 120 | #131%
5250 35.9 4.71 530 | 530 | 630 | 040 | 160 | £131%
5600 35.5 507 | 485 485 | 485 | 040 | 180 | :131%

5750 5.4 | s2 | sm 5.01 501 | 040 .20 | £13.1% |

& Freguency walidity above 300 MHz of £ 100 MHz only applies for DASY w4 4 and higher (sea Paga 2), aise it & resinched 1o + 50 MHz. The
unafainty is e R3S af the Comnd unceamty al calibraton frequency and the uncertainty for the indicated frequency band. Freguency validity
gl 300 MHZ is 2 10, 25, 40, 50 and 70 MHE tor Corn aasessments at 30, 64, 128, 150 and 220 MHz respeciively. Abowe § GHz frequency
validiy can be extanded 1o 2 110 MHz

" ar fraguancias bedosw 3 GHE, (he walidity of Besue paramelers (e and o) can ba relaned 1o & 10% o Bguid com perraaton fommuks = appled 10
measursd SAR values. At frequencies above 1 GHz, the validity of tssue paramaters (£ and i) is restricied ta £ &% The uncertainty is the RES of
tha Cioene uncaitanty Tor indicated tanged lisSue paramelen.

% Mlphaiepth are determined during calbration. SPEAL warrants hal fhe remaining devialion dus o e boundary affect after compersation is
alwarys less than & 1% dor frsquencies below 3 GHz and below + 2% for freguencies between 3-6 GHz at any distance krger than hat ihe probe bp
deamter fnom e boundary.

Ceartificate No: EX3-3710_Feb17 Page 5of 11
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EX30V4- SMNATID Febrary 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Body Tissue Simulating Media

L Relative [ Conductivity | | | 5| Depth® T Unc |
f{MHz} ™ | Permittivity {Sim) | ConvFX | ConvF Y | ConvFZ | Alpha {mmj) (=2} _|
450 | 56,7 | o084 | 1073 | 1073 1073 | 0.07 140 | $133% |

750 555 0.96 9.67 I 8.67 5.67 033 | 135 | +120%
B35 55.2 0.97 9.62 0.62 9.62 0.57 086 | +120%
900 55.0 1.05 8.57 9.57 957 | 0.47 088 | +12.0%
1810 533 1.52 7.82 7.02 7.92 D36 | 082 | $120% |
| 1900 533 ! 152 | 788 7.68 .68 0.21 1.25 £12.0%
| 2450 527 1.85 7.52 7.52 752 | 0,39 080 | £120%
2600 525 2.18 7.21 7.21 7.21 0.31 0.60 | +i120%
3500 51.3 33 | 648 B8 648 | 025 120 | £131% |
5250 485 5.36 4.51 4.51 4.51 0.50 190 | £13.1%
600 485 577 4.0 4,01 4.01 050 | 180 | +i31%
5750 | 483 5.94 408 | ate | 409 050 | 180 | x139%

“ Frequancy valkidly abeve 300 Mbz of £ 100 MHz anly sppdies for DASY v4 4 and higher (568 Page 2), slse il is restriched (o + 50 MHz, The
uncerarty is tha RES of the Cormd uncertarty at calbeation frequency and the uncertarty for the indcated Irequency band. Fraquency walidily
below 300 MHz = £ 10, 25, 40, 50 6nd 70 MKz far ConvF assessmants at 30, 64, 128, 150 and 220 MHZ respaciively, Above § GHz frequency
vabdiy can be exbended ta & 110 MHz

© Al Meguancies below 3 GHz, the validity of lissus parameters (e and o} can be relased to & 10% if liguid compereabon Terua s agpled o
measured SAR valis. Al requencies above 3 GHZ, the valily of tesue paramelers (¢ and a) is rmesirictad o + 5%, The uncerainty is the ASS al
e ComF uncertainty for incicabed 1arget fasue paramelers.

“ MpnaDapth ane delernined dunng caliiason, SPEAG warants tal the remaining desialion dus o ihe beundary efiect aar O pErEAtan
abways Wess than 1 1% lor frequencies below 3 GHz and below £ 2% or frequencies betwean 3.6 GHz 8l any distance langer than half the prote lip
diarneter from the boundary

Certificale No: EX3-3710_Febi7 Paga & of 11
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EX30V4- ShN-3T10

Frequency response (normalized)
£
o

Certificate No: EX3-3710_Fabi7

Frequency Response of E-Field
(TEM-Ceall:ifi110 EXX, Waveguide: R22)

February 23, 2097

1
2000 2500

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

Page T of 11

I
2000
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EXIDW4- ShEAT1I0 February 23, 2017
Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22

L
05—

:.I.:I et T g g SR T e = — SR _..1_-!

Ermor [dB)

T T
1] 0

R r B et :

2500 Rz

Uneertainty of Axial lsotropy Assessment: £ 0.5% (ks2)

Carlificate Mo EX3-3710_Fabi? Page ol 11
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EX30V4-EN.3T10 Febmuary 23, 2007

Dynamic Range f(SARpeaq)
(TEM cell , foua= 1900 MHz)
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Q- 1= 10 Qe g 0= e
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Uncertalnty of Linearity Assessment: £ 0.6% (k=2)
Cetificate Mo. EX3-3710_Fab17 Page B of 11
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EX30VA-SN3TI0

Februssy 23 2017
Conversion Factor Assessment

I =800 MHz. WGLS RS [H_conF] 1= 1810 MHz WGLS R22 (H_conF

® L]
-

Deviation from Isotropy in Liquid
Error (¢, 3), =900 MHz

by B W T

Dsviatian
1

-0 <08 -DB <04 402

a¢ ©2 04 Q6 08
Unceartainty of Spherical Isotropy Assessmant:  2.6% (k=1)

1.0

Centilicate Mo EX2-3710_Fedi T
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EX30V4- SN3TI0 February 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Other Probe Parameters

[ Sensor Asrangement [ “Triangular
[ Connector Angle '] ' B5.6
["Mechanical Surface Detection Mode 1 enabled |
| Opptical Surface Detection Mode i i — | = dissbled|
Probe Cwerall Length 337 mm
| Probe Body Diameter M CEEEEREEEEREEEEEEEE FEER LR | 10mm|
| Tip Length |  Gmm |
[ Tip Diameter 25mm |
[ Proba Tip to Sensor X Calibration Point 1 mm
[Proba Tip to Sensor ¥ Calibration Point 1 mm
[ Frobe Tip to Sensor Z Calibration Point CTTTITITT 1 mm
{-R'_e;nmnded Measurement Distance from Surface ili i | B 1.4 mm
Certificata Moc EX3-3710_Fe1 7 Page 11 af 11
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Appendix D. Dipole Calibration Data

Calibration Laboratory of P, y
: EAOLA Y S Schweizerischer Kallbrierdienss
Schmid & F_'EHITEF ey ¢ Service suisse détalonnage
Engineering AG L] Servizio svizzern o iamlurs
Zrughaussirasse 43, B004 Zurich, Switrerland f:_fhm_hg} S gtan Calbwntion Servics

Accradited by the Swies Accredagton Servee (SAS)
The Swiss Accreditation Service is ono of the signatories ta the E&
Multilaleral Agreament for the recognition of calibration certificates

cuent  Q@TK-CN {Auden)
CALIBRATION CERTIFICATE |

oty EX3DV4 - SN:3T10

Accreditation No.: SCS 0108

Certificate No: EX3-3710_Feb17

' Califration procedums(n)

QA CAL-01.v3, QA CAL-12.v3, QA CAL-14.v4, OA CAL-23.v5,
QA CAL-25.v6
Calibration procedure for dosimetric E-field probes

Cakbranan dane

February 23, 2017

Thig caliration cerificate documents the aoeabsidy 10 national standards, which malzs the phyaical units of m=asurements (51)
Thib Misasdiamenty &ni he oostaiiies wih conddence probabsity are grem an the following peges and ama part of ike cenilicais

Al caliweions have been concucted in the closed laboeatory taciily, snvecnmant empsrature (22 £ 37°C and humeity < T0%

Caibrabon Equipmant usad (MATE antical for calibration)

| Prmary Standards o | Cail Oate {Comiicale No | Schaculed cahﬁ;_gg_,_-..n __.
| Power miles NRP SN 1047TE O Apr-16 (ko 217402 28800 284 A7 |
| Power sensar RAP-Z251 SM: 103244 (- Apr 1 ¢No. 21 7 nERy Apr1T .

Pt sensar NRP-Z91 SN 101245 OB-Apr-18 gha. 31 7000E0) Apea7

Referancea 20 dB Atenuator | BN 55277 (3 O5-Apr-18 (Mo, 21702303y AprAT

Rederanca Probe ESA0NZ SN 3013 _31-Dwc-18 (Mo ES3-3013 Dac 16 Dee-17

DhEa | &N: 680 T-Dec-16 (No. ORE4-66D_Dac 6] Dec-1T

Sacordany | [#] — Chech Date (in housa) Scheduied Checa

Fawar maiar E44198 SH GBEA12935T4 CE-Ap1-18 n house chieck Jun-18) In house chack. Jun-18

Pownr sarsor E44128 SH._MY41455067 C-Apr-18 in house check Jun-18) In howusa chede Jun-18

SN 000110210

D5-A01- 18 (in houss check Jun-18)

In howse cheds Jun-18

SN USIBAUFTID

Ck-Aug-B6 fin house check Jun- 18]

I house chocc Jun-18

This calfration canfcate shal nol be raproduced escept in il withoud weillen aparcval of e inborstory.

Mabwork Analgaer HP BTSSE | SN US37350585 18-0Er-00 (in house check Oci-16) I house checke Oct-17
Mamg Fianclion Signiiurs
Calitrated by Clautlin Luutier Laberatory Techican ¥
L
Aggraved by: Katia Pokovic Techinical Marager — =

|ssued Felmuary 27, 2017

Contificae Mo EX3-3T10_Feb1 7T Page 14l 11
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Report No.:
Calib!‘ﬂﬂnn Laboratory of f\‘:'u-:t-:_:_-':;"'}.- ©  Schweizerischios Kalibriordianst
Schmid & Partner o] C  Servies suisse d'étalonnage
Enginearing AG M Servizio svizzero di [arsiura
Zoughausstrassa 43, BO04 Zurich, Switserland ‘E,_:}Ea:f 8 Suies Callbration Sarvice
T il b
Accradiied by ME Swirs Ascreditation Sence (SAS) Accraditation Mo.: SCS 0108
The Swiss Accroditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cortificates
Glossary:
TSL fissue simukating liguid
NORM:x .2 sensitivity in free space
CanvF sansitivity in TSL / NORMz v,z
oce diode compression paint
CF crest factor { 1duty_cycle) of the RF signal
ABCD maodulation dependent linearization paramatars
Puolarization ¢ ip rotation around probe axis
Polarization 3 4 rofation arcund an axls that is in the plane normal io probe axis (at measurement center,
Le., B =0 is normal to probe axis
Connactor Angle information used in DASY system o align probe sensor X 1o the robot coordinate system
Calibration is Performed According to the Following Standards:

a)y |EEE 5td 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorpiion Rate (SAR) in the Hurman Head fram Wireless Communications Devices: Measuremant
Techniques®, June 2013

By IEC 82208-1, "Procedure to measura the Specific Absorption Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency rangs of 300 MHz to 3 GHz)", February 2005

¢) |EC 62208-2, "Procedurs to determime the Specific Absorption Rate [SAR) for wirsless communication devices
used m close prodimity to the human body (frequency range of 30 MHz to & GHz)", March 2010

di KDB BG5664, "SAR Measurement Reguirements for 100 MHz 1o 6 GHz®

Hathods Applied and Interpretation of Parameters:

NORMx, .2 Assessed for E-field polarization & =0 (f < 900 MHz in TEM-cell, f > 1800 MHz: R22 waveguide)
WORMx.y.z are only intermediaie values, e, the uncertaintes of NORM:,v.z does nol affect the E°-field
uncertainty inside TSL [see below ConvF).

NORM{Tx y.z = NORM, y.z ° frequency_rasponse (see Frequency Response Chart), This lineanzation s
impiamentad in DASY4 software versions later than 4.2_ Tha uncertainly of the frequency response &= ncluded
in the stated uncertainty of ConvF,

DCPx,y.z: DCP ame numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media

FPAR. PAR = the Peak to Average Ralio that is nof calibrated but determined based on the signal
charactoristics

Ax 2 Bryz Cayz Deyz VRxpr A, B, C, O are numencal lineanzalon paramelers assessed based on
tha data of power sweep for specific modulation signal. The parameters do not depend on freguency nor
media. VR is the maximum calibration range expressed n RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in lat phantom using E-field (or Temperatuse Transfer
Standard for f s B0 MHz) and inssde waveguide using analytical fisld distributions based on power
measurements for f = B00 MHz. The same sefups are used for assessment of the paramelers applied for
boundary compengation (alpha. depth) af which typical uncertainty values are given, These paramaeters are
used in DASY4 sofiware to improve probe accuracy close to the boundary. Thi sensitivity in TSL corresponds
to WORMY, ¥, 2 * CormvF whereby the uncanainty coresponcds 1o thal given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and highes which alows axlending the vadidity from = 50 MHz to 2 100
hiHz.

Sphevical isofropy (3D dewvigtion from isatropy): in @ field of low gradients realized using a flat phantom
exposad by a patch anlenna

Sensor Offsel. The sensor offeet comesponds to the offset of virtual measurement center from the probe tip
[on probe axis). Mo tolerance required.

Cormector Angie: The angle s assessed using the mformaton gained by detenmining the NORMx (na
uncertainly reguirad).

Cartsfical
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EXI0V4 = BN:3T10 Febnary 23, 2017

Probe EX3DV4

o | e ie

Manufactured:  July 21, 2009
Calibrated: February 23, 2017

Calibrated for DASY/EASY Systems

{Mate: mon-compatible with DASY2 system!)

Cedtificale No: EX3-3710_Febi7 Page 3 of 11
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EX3DV4- 5N:AT10 February 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Basic Calibration Parameters

~ Sensor X i | Sensor ¥ Sansor Z Une (k2]
Morm mmiwm]’f 0.39 , 038 ' 047 101 %
DCP (mV) | ar.1 102.0 I aa.7

Modulation Calibration Parameters

[UD | Communication System Nama A E | ¢© o VR Unc

i dB dBv Y dB mv [k=2)

I ow [ x| oo 00 | 10 | 000 | 1515 | 30%

' [ ¥ | _on 0.0 10 1381 _I
zZ | oo 0.0 1.0 525 ,

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

“ Thie uncestainiies of Moem X.¥,Z do not afect the E°-field uncertariy inside T5L (see Pages 5 and 5)

.=' Fuimancal lineanzalion paramsles: uhienainly fal regured

- Uncarainty i determenad wsing the mas deviation from Ensar responss applying rectanguiar dsiibution and s expressed o0 ihe souane of the
highd value

Coertificse No: EX3-3T10_Feb17 Page 4 of 11
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EXIDV4- EN:3TI0 Fabruary 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Head Tissue Simulating Media

y Relative | Conductivity | l | | Depth® Unc
f {MHz) Parmittivity (Sim) ConvF X | ConvF ¥ | ConvF Z | Alpha (mim} [k=2)
450 435 0.87 1052 | 1052 10.52 0.14 1.45 £123% |

750 419 0.8 10.13 10,13 10,13 0,57 080 | £120%
835 41.5 0,890 962 | 952 | 952 0.56 080 | £120%
900 415 | o097 923 i 923 | 923 0.54 080 | £120%
1810 40.0 1.40 B34 | a3 834 0.33 0.80 £12.0%
1900 40.0 140 | 810 818 8.1 0.33 0.83 £12.0%
2450 302 180 | 740 | 740 | 740 | 023 | 108 | £120%
2800 30.0 ' 1.96 7.7 7.17 1.7 033 0.89 +12.0%
3/0 | avo 2.9 | 714 711 7.1 0.30 1.20 £13.1 %
5250 | 369 4.7 5.30 5.30 5.30 0.40 1.80 +12.1%
5800 355 5.07 4.85 485 488 0.40 1.80 £13.1%
5750 | 35.4 522 501 5 5.01 0.40 1.80 £13.1%

© Frequancy valsity above 300 MHZ of + 100 MHz only applies for DASY v 4 and higher (35 Page 2), ke i & restricled 10 £ 50 MHz. The
uncamainty is the RSS of the ConvF uncenainty Bl calibration Mequency and the uncerainty for the indicaled fneguancy band. Frequency valkdty
btk 3000 MHzZ 15+ 10, 75, 40, 50 and 70 MHgz for ConvF assessments al 30, 54, 128, 150 and 220 MHz respaciively. Above 5 GHE frequency
vaidity can be exdanded o = 110 MHz

’ Al requencls belie 3 GHE, the valdly ol issue paramelen | and o) can be rélamsd 1o & 10% & hgud compensahan farmula = applied 1o
measured SAR values. At frequencies abowe 3 GHz, the valcty of tssue parameters (2 ard 4] is resinched o + 5% Tha uncersinty s the RSS of
the CanvF uncertainty for ndicated target issue parameters.

¥ plphaDepth are delermined duning calibration. SPEAG warants that the remaning deviation cdue to the boundary effect after compensation is
abways ks than & 1% for equencies balow 3 GHz and below & 2% for frequencies belween 3-8 GHz at any distancs larger than half the probe bp
diameler rom the Boundary

Certificate No: EX3-3710_Febi? Page 5 of 11
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EX3DNV4- SMN-3TID Fabwuary 23, 2117

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Calibration Parameter Determined in Body Tissue Simulating Media

[ [ Relative Canductivity | il Dapth ® Unc
f(MHz}® | Permittivity " (Sim) © ComF X | ComvFY | ComvFZ | Alpha® |  (mm) k=2) |
450 56.7 0.94 10.73 10,73 10.73 0.07 1.40 £13.3% |
750 55.5 0.96 967 9.67 9.67 033 | 1.38 £12.0%
835 552 0.07 9.562 9.62 9.62 0.57 0.86 £12.0%

[ 300 55.0 1.05 9.57 9.57 057 | 047 | 089 | £120%
1810 53,3 1,52 7.92 702 | 792 036 | 0.82 +12.0%
1800 513 1.52 7EE | T8 7.68 0.21 1.26 £12.0%

| 2450 527 185 FS52 | 752 7.52 0.39 0.80 120 %

| 2600 525 216 7.21 7.21 7.2 031 | 080 £12.0%
3500 51.3 3.31 .48 6.48 6.48 0.25 1.20 £13.1%
5250 48.9 5.38 4.51 4.51 451 | 050 1.90 £13.1%
SEOD 48.5 577 .01 4.01 4,01 0.50 1.80 *+13.1%
5750 | 48.3 594 4.09 4.00 4,08 0.50 1.80 131 % |

~ Frequency vakdity above 300 MHz of = 100 MHz only applies for DASY vd.4 ard higher (see Page 2), ate if ts restricted o = 50 MHz. The
uncamainly is the RES of the Cansf uncenainty at caliaration frequency and the uncenainty for the indicaied fraquency band. Fregquancy validiy
bl 300 MHZ is = 10, 25, 40, 50 and 70 MHZ for ConnF assessments al 30, 64 128, 150 and 220 MHz respeciioaly. Abowva 5 GHE frequency
wabdiy can be exdended 1o+ 110 Mz

" Al trequenicies bolow 3 GHz, e validity of fssus parameters. (¢ and o) can be relaxed fo & 10% if igud companaateon formula is applied &
measurad SAR values. Al frequences above 3 GHz, the validity of Ssswe paramaters (¢ and o) i resticied 1o 4 5%. The uncarainty is (ha RSS of
the ComeF uncerainty for indicaled targed tissue parameters.

“ wphaiDepth an datsrmined duiing calibration. SPEAG warmanis thal the remaining deviatian due 1o tha boundary effect after compensation is
ahways less than £ 1% for frequencies Delow 3 GHz and below £ 2% for reguencies between 348 GHz at any dstance larger than half the prabae tip
digmedar from the boundary.

Certficate Mo: EX3-3710_Febi7 Paga G of 11
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EX30Va- SN3T10 Febnany 23, 2017

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

requency response (normalized)
o

F
=]
=4

TS Y S N S R N v S
b 500 1000 1500 2000 2500 2000
f [MHz]

el Re?

Uncertainty of Freguency Response of E-field:  6.3% (k=1}

Certificaie Mo EX3-37T10_Feb7 Fage Tof 11
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Ex3DV4- SN:AT10 Feorary 23, 2017

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22

Ervos [dB|

B fl met ST S L B SPUPENGPIIFPRIP RS S S S S S 38 R

|
54 i i i

150 1000 A0

— e ——— o
Rl [7]

|._'I:T.|'.-i'-!l_- "-i".r-ﬁ!l_' "J'\-". AHL 4 ﬂtmh"

Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=Z)
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EXI0Va- 5M.3710 Faniary 23, 2017

Dynamic Range f(SAR}gaq)

(TEM cell , fow= 1200 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Carificate Mo EX3-3710_Fab17? Fage Gaf 7

Page: 58 of 66



Report No.: 1742016R-HP-US-P03V01 > DE KRA

EX3IDVd- SN3T10

Fobrumry 23, 2017
Conversion Factor Assessment

f = 800 MHZ. WGLS RO [H_conF) = 1810 MHz WGLS R22 {H_convF)

-
- i

Deviation from Isotropy in Liquid
Error (4, 8), f =900 MHz

Dasyiialinn
=

Ll B
R =N k2

-10 08 08 -£4 402

o o2 04 0B
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

0.8 12
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EX3IOW4- SM:3T10 February 23, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3710

Other Probe Parameters

[ Sensor Arrangement | Triangular |

[Connectar Angle [7) " g T ESH
Mechanical Surface Detection Mode R T s enabled |

| Optical Surface Detection Mode | ~ disabled |
Probe Overall Length 337 mm
Probe Body Diamater g | 10mm |
Tip Length T | amm |

[ Tip Diameter Z5mm |
Prabe Tip to Sensor X Calibration Paoint 1 mm
Probe Tip lo Senscr ¥ Calibration Paint R Tmm
Probe Twp to Sensor Z Calibration Paint T ! 1 mmn

| Recommended Measurement Distance from Surface | 1.4 mm

Cartificate Mg EX3-3710_Fen17 Page 11 of 11
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Appendix E. DAE Calibration Data

Schrnd & Fartner Enginesnng &G s. E

Toughausstrasse 43, 8008 Tunch, Swiserland
Phore «41 44 246 8700, Fax +41 44 345 G375
inlo@sneng corm, hEp hansne Spadg com

1D
|
=]

1220
IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate. high precision instrument and requeres careful ireatment by the user. There aré no
safviceable parts inside the DAE. Special attention shall be given to the following pomis

Battery Exchange: The baliery cover of the DAE4 wnit 15 closed using & screw, over Bghtening the screw may
cause (he threads nside the DAE 1o wear oul

Shipping of the DAE: Before shipping the DAE o SPEAG for calibration, remove the batteries and pack the
DAE i an antistatic bag. Thes anbstatic bag shall then be packed into a larger box or comtainer which protects the
DAE from impacts durng fransporialion. The package shall be marked to indicate that a fragile instrumant is
inside

E-Stop Failures Touch delection may be maflunclioning due to broken magnets in ihe E-stop. Rough handling
of the E-stop may lead to damage of ihese magnets. Towch and collision errors are often caused by dus! and din
accummulated in the Estop. To prevent Estop failure, the customer shall always mount ihe probe o the DAE
carefully and keep the DAE unit in a non-dusty emaronment if nol used for measuremenis

Repair: Minar repairs are performed al no extra cost dunng the annual calibratson  However, SPEAG reserves
the right bo chame for any repaklr especially if rough unprofessional handling caused the defect

DASY Configuration Files: Since the exaci values of the DAE inpui resisiances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the

Customer.

Important Note:

Never attempt to grease or ol the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch ariented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pariner Enginesting

TH_BRO40315AD DAES.doa 11.12 2008
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Teughsussirasse 43, B004 Zurich, Switzeriand

Bghweizerischer Kalibrierdiensl
Sarvice suisse d'étalonnoge
Servizk svizrero di taratura
Swing Calibration Service

Accrediled by he Swiss Accreditalion Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accraditalion Servics i one of 1he signatories 1o the EA
Multilateral Agreement far the recegnition of calibration centificates

cient  QTK - CN (Auden) Cartificate No: DAE4-1220_Feb17
CALIBRATION CERTIFICATE

Obyect DAE4 - SD 000 DO4 BM - SN: 1220

Calibafion procedursda) m GAL—UE-.‘-I‘EQ
Calibration procedure for the data acquisition electronics (DAE)

I:ummlim it February 21, 2017

This calbration cartificals documents 1he raceabidiby o natonal standards, which realise ha physical unilz of measuraments (51)
Thie measmemants and the mcetaimies sith confidence probakdity are gresn on the follesing pages and are pan of the canificate

Al cafibraliong have besn conducied in tha chosed iaboratary lacity: svianment tempesatos (22 o 3)°C and hemidiy « 70%.

Calitestion Equipmem used (MATE critical for calibration)

Primary Standards s} ] Cal Date (Ceddicabs No | - Schaduled Calfiratan

Kailbilay Muimales Type 2001 SN: 0B 0ETE [3-Sep-16 (Mo 18065) Sep-17

Sacandary Ciancards iDe — Chsck Date {in house) Schaduled Checs
| Az OAE Cafibralion Lni SE UWS 053 AA 1000 D5-Jan-17 (in housa check) In housa check: Jan=18
| Calbialor Bos V2.1 SE LS 006 AA 1002 O5-Jan-17 (in house chack) In house check: Jan-16

Mama Function Signatue

- Techrician —

Calioraed by Ere: Haireid = Jf—#“__;_",__.__

Approveds by Fin Bornhaoit Daputy Technoal Monager

v
| VB Dy

lz=ued Februasy 21, 2007

Thés calibeation cenficata shal nol be mproduced excegt in full without writhen approval of 1he labosioy

Cerdicais Mo: DAE4-1220_Feb17 Pege 1ol &
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Calibration Labaratory of P §  Schwsizarischor Kallbrierdienst
Schmid & Partner % ““"-”’-':“IEE"_ o Strvice sulsse détalonnage
Engineering AG et Servizlo svizzers di taratura
Zeughaussirasss 43, B004 Zurich, Switreriand Sy S swiss Calibration Service
ifanfuil
Accredied by tha Swiss Accraditalion Service [SAS) Accreditation No.: SCS 0108

The Swias Accreditation Service is one of the signatories to the EA
Multilatersl Agreement for the recognition of calibration carfificaies

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

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

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

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

» DC Voltage Measurement Linearity: Verfication of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurament.

« Common mode sensitivity: Influence of a positive or negalive common mode voltage on
the differential measurement.

o (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 converter
corresponding to zero input voltage

s Input Offset Measurement. Qutput voltage and statistical results over a large number of
zero voltage measurements.

s Input Offset Current: Typical value for information; Maximum channe| input offset
current, not considering the input resistance.

s Input resistance: Typical value for information: DAE input resistance at the connector,
during intemal auto-zeroing and during measurement.

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

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

Cartificate No: DAE4-1220_Faeb17 Page 2ot 5
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DC Voltage Measurement
AD - Converter Resalution nominal

High Ranga: 1LSE = R ITLV full range = -100...+300 mV
Low Renge: 1LSB = B1nY, full range =  -1.......+3my
DASY measurement parameters: Auto Zero Time: 3 sec; Maasuring time: 3 sec
Calibration Factors X Y Z
High Range 405.199 + 0.02% (k=2) | 404.922 + 0.02% (k=2) | 404.141 + 0.02% (k=2)
Low Range 3.97730 £ 1.50% (k=2) | 3.99518 £ 1.50% (k=2) | 398697 + 1.50% (k=2)

Connector Angle

Connector Angle to be usad in DASY system 1e0°*£1"

Certificate Mo: DAE4-1220_Feb17 Page 3 af 5
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (V) | Difference (V) | Error (%)
Channel X + Input 200035, 74 3.00 0.00
Channel X + Input 20006 48 1.96 0.1
Channel X = Input -20002.30 2.82 -0.01
Channel Y + Input 200038, 34 5T 0.00
Channel ¥ + Input 20003.88 -0.58 -0.00
Channel ¥ - Input -20005.36 011 0.00
Channel Z + Input 2000:30.51 -2.34 =000
Channel Z + Input 2000206 -2.34 <0.01
Channel Z = Inpurt -20005.06 -0.63 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 1988.95 -0.80 -0.04
Channel X + Input 201.41 081 0.30
Channel X - Input -198.91 0.31 018
Channel ¥ + Imput 2000.74 0.07 0.00
Channel ¥ + Input 200.23 -0.58 -0.29
Channel ¥ - Input -186.81 «0.58 0.29
Channel Z + Impurt 000,47 -0.20 -0,
Channel Z + Input 196 40 -1.36 -0,68
Channel Z - Input -200.44 -1.17 0.58

2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 séc; Measuring time: 3 sec

Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 10.20 802
- 200 -7.68 -9.63
Channel ¥ 200 -3.03 -9.12
- 200 8.15 778
Channel Z 200 11.85 11.88
- 200 -14.62 -14.58

3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 s8¢, Measuring tima: 3 sec

Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 - 1.80 4,26
Channel Y 200 7.83 - 2.43
Channel Z 200 8.61 5.63 :
Certificate Mo; DAE4-1220_Feb1? Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Tima:! 3 sec; Measunng time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15882 14846
Channel ¥ 16015 16273
Channel £ 15704 16009

5. Input Offset Measurement
DASY rmeasurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

Input 10ME

Average (uV) min. Offset (uV) | max. Offset (uV) Sud. ?:::'H“
Channel X 0.e1 114 295 0.44
Channel ¥ 0.15 -1.00 1.08 0.43
Channel Z -0.87 <363 0.43 0.52

6. Input Offset Current
Mominal Inpul circuitry offset current on all channels: <2514

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel 2 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.4
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Viec) -0.m -B | -8
Cerdificale No: DAE4-1220_Feb17 Fage 5 of 5
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