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1. General Information

1.1. EUT Description

Product Name

REALMAX-QIAN

Brand Name Realmax
Model No. ME835-A01
\Working Voltage AC 120V/60Hz

Frequency Range

For 2.4GHz Band

802.11b/g/Nn(20MHz): 2412~2462MHz

802.11n(40MHz): 2422~2452MHz

For 5GHz Band

802.11a/n/ac(20MHz): 5180~5320MHz, 5500~5700MHz,
5745~5825MHz

802.11n/ac(40MHz): 5190~5310MHz, 5510~5670MHz,
5755~5795MHz
802.11ac(80MHz):5210MHz,5290MHz,5530MHz,5610MHz,5775MHz
For BT3.0+BT 5.0 Band

2402- 2480 MHz

Channel Number

For 2.4GHz Band

802.11b/g/n(20MHz): 11 802.11n(40MHz): 7

For 5GHz Band

802.11a/n/ac(20MHz): 24 802.11n/ac(40MHz): 11
802.11ac(80MHz): 5

For BT3.0+BT 5.0 Band

\V3.0: 79

\/5.0: 40

Type of Modulation

802.11b: DSSS-DBPSK, DQPSK, CCK
802.11a/b/g/nfac: ~ OFDM-BPSK, QPSK, 16QAM, 64QAM,
128QAM,256QAM

V3.0: GFSK, Pi/4 DQPSK, 8DPSK
VV5.0: GFSK

Data Rate

802.11b: 1/2/5.5/11 Mbps

802.11a: 6/9/12/18/24/36/48/54 Mbps

802.11n: up to 300 Mbps

802.11ac: up to 866.6 Mbps

\/3.0: 1Mbps(GFSK), 2Mbps(Pi/4 DQPSK), 3Mbps(8DPSK)
LE 1M: 1Mbps, LE 2M:2Mbps

Antenna Type

Reference to Antenna List
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Peak Antenna Gain

Reference to Antenna List
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For 2.4GHz Band

802.11b/g/n(20MHz) Working Frequency of Each Channel:

Channel | Frequency | Channel | Frequency | Channel | Frequency | Channel | Frequency
01 2412 MHz 02 2417 MHz 03 2422 MHz 04 2427 MHz
05 2432 MHz 06 2437 MHz 07 2442 MHz 08 2447 MHz
09 2452 MHz 10 2457 MHz 1 2462 MHz N/A N/A

802.11n(40MHz) Working Frequency of Each Channel:

Channel | Frequency | Channel | Frequency | Channel | Frequency | Channel | Frequency
03 2422 MHz 04 2427 MHz 05 2432 MHz 06 2437 MHz
07 2442 MHz 08 2447 MHz 09 2452 MHz N/A N/A
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For 5.0GHz Band

802.11a/n/ac(20MHz) Working Frequency of Each Channel:

Channel | Frequency | Channel | Frequency | Channel | Frequency | Channel | Frequency
36 5180 MHz 40 5200 MHz 44 5220 MHz 48 5240 MHz
52 5260 MHz 56 5280 MHz 60 5300 MHz 64 5320 MHz
100 5500 MHz 104 5520 MHz 108 5540 MHz 112 5560 MHz
116 5580 MHz 120 5600 MHz 124 5620 MHz 128 5640 MHz
132 5660 MHz 136 5680 MHz 140 5700 MHz N/A N/A
149 5745 MHz 153 5765 MHz 157 5785 MHz 161 5805 MHz
165 5825 MHz N/A N/A N/A N/A N/A N/A

802.11n/ac(40MHz) Working Frequency of Each Channel:

Channel | Frequency | Channel | Frequency | Channel | Frequency | Channel | Frequency
38 5190 MHz 46 5230 MHz 54 5270 MHz 62 5310 MHz
102 5510 MHz 110 5550 MHz 118 5590 MHz 126 5630 MHz
134 5670 MHz N/A N/A 151 5755 MHz 159 5795 MHz

802.11ac(80MHz) Working Frequency of Each Channel:

Channel | Frequency | Channel | Frequency | Channel | Frequency | Channel | Frequency
42 5210 MHz 58 5290 MHz 106 5530MHz 122 5610 MHz
N/A N/A 155 5775MHz N/A N/A N/A N/A
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For BT3.0 Band

Bluetooth Working Frequency of Each Channel: (For V3.0)

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 1 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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For BT 5.0 Band

Bluetooth Working Frequency of Each Channel: (For V5.0)

Channel| Frequency |Channel| Frequency |Channel| Frequency |Channel| Frequency
00 2402 MHz 01 2404 MHz 02 2406 MHz 03 2408 MHz
04 2410 MHz 05 2412 MHz 06 2414 MHz 07 2416 MHz
08 2418 MHz 09 2420 MHz 10 2422 MHz 11 2424 MHz
12 2426 MHz 13 2428 MHz 14 2430 MHz 15 2432 MHz
16 2434 MHz 17 2436 MHz 18 2438 MHz 19 2440 MHz
20 2442 MHz 21 2444 MHz 22 2446 MHz 23 2448 MHz
24 2450 MHz 25 2452 MHz 26 2454 MHz 27 2456 MHz
28 2458 MHz 29 2460 MHz 30 2462 MHz 31 2464 MHz
32 2466 MHz 33 2468 MHz 34 2470 MHz 35 2472 MHz
36 2474 MHz 37 2476 MHz 38 2478 MHz 39 2480 MHz
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1.2. Test Environment

Ambient conditions in the laboratory:

ltems Required Actual
Temperature (°C) 18-25 21.5t 2
Humidity (%RH) 30-70 52

1.3. Power Reduction for SAR

RF Power in this host configuration is maintained at fixed levels reduced from the original modular
filing.

No sensor based or switched power reduction is implemented in this host configuration.

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) FCC KDB Publication 616217 D04 v01r02 (SAR Evaluation Considerations for Laptop, Notebook,
Netbook and Tablet Computers)

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) FCC 47CFR §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
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The DASYS5 system for performing compliance tests consists of the following items:

>

>

\4

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 DASY5 software.

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

The phantom, the device holder and other accessories according to the targeted
measurement.
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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 1528-2013, 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 1, the spatially steep distribution f3 and f2 accounts for H-field cancellation
on the phantom/tissue surface.
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2.2. DASY5 E-Field Probe

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 statig
charges PEEK enclosure material (resistant to organic solvents, e.g.
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)
+ 0.5 dB in tissue material (rotation normal to
probe axis)

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

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 scenarig
(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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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 DASYS5 1/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 ¢ = 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 5250/5600/5750 MHz
(% Weight) Head Head

Water 46.7 65.53

Salt 0.00 0.00

Sugar 0.00 0.00

HEC 0.00 0.00

Preventol 0.00 0.00

DGBE 53.3 17.24

Triton X-100 0.00 17.23
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3.2. Tissue Calibration Result

The dielectric parameters of the liquids were verified prior to the SAR evaluation using
DASYS5 Dielectric Probe Kit and Agilent Vector Network Analyzer ES071C

For FCC:
Head Tissue Simulant Measurement
Frequency Description Dielectric Parameters Tissue Temp.
[MHZ] er o [s/m] [°C]
Referencg result 39.2 1.80 N/A
2450MHz + 5% window 37.24 t0 41.16 1.71t0 1.89
01-29-2019 39.74 1.84 21.0
Referencg result 35.9 4.71 N/A
5250MHz + 5% window 34.11to 37.70 4.47 t0 4.95
01-29-2019 37.46 4.74 21.0
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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
900 415 0.97 55.0 1.05
915 415 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 52.3 1.95
3000 38.5 2.40 52.0 2.73
5800 35.3 5.27 48.6 6.19

(er = relative permittivity, ¢ = conductivity and p = 1000 kg/m?3)
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4. SAR Measurement Procedure

4.1. SAR System Validation
4.1.1. Validation Dipoles

! ;‘ g,s_im\'; The dipoles used is based on the IEEE-1528
i '\ \‘_ﬁ i standard, and is complied with mechanical
sandard snisigid and electrical specifications in line with the
\‘/" requirements of both IEEE and FCC
e Supplement C. the table below provides
i details for the mechanical and electrical
i1 specifications for the dipoles.
cosnial feed E\I 8
Frequency L (mm) h (mm) d (mm)
2450MHz 53.5 30.4 3.6
5GHz 20.6 14.2 3.6

4.1.2. Validation Result

System Performance Check at 2450MHz, 5250 for Head

Validation Dipole: D2450V2, SN: 839

1, 23,
Reference result 46.175to356.43 21.51 30926.29 ) Lo
2450 MHz + 10% window (Wikg) (Wikg) (C)
01-29-2019 51.32 23.16 21.0

Validation Dipole: D5GHzV2, SN: 1203
76.7 22.1

Reference result | 50 ?o 84.37 | 19.89to 24.31 M/
5250 MHz + 10% window (Wikg) (Wikg) (C)
01-29-2019 79.8 22.7 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,

-

c:r|E
S4R=—""
Fe

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?).

Page: 23 of 90



D DEKRA

Report No.: 1912082R-HP-US-P06V03

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/kg)

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 Wikg
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 D2400V2 839 2019.02.09
Dipole Validation Kits  |Speag D5GHzV2 1078 2019.02.09
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 2019.02.08

Acquisition Electronic

E-Field Probe Speag EX3DV4 3710 2019.02.18
SAR Software Speag DASY5 V5.2 Build 162 N/A
Power Amplifier Mini-Circuit ZVA-183-S+ N657400950 N/A
Directional Coupler Agilent 778D 20160 N/A
Universal Radio R&S CMU 200 117088 2019.03.10

Communication Tester

Programmable

Temperature & Humidity|Gaoyu TH-1P-B WIT-05121302 2020.01.04
Chamber

Vector Network Agilent E5071C MY48367267 2019.03.10
Signal Generator Agilent E4438C MY49070163 2019.03.10
Power Meter Anritsu ML2495A 0905006 2019.10.29
\Wide Bandwidth Sensor|Anritsu MA2411B 0846014 2019.10.29
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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) (109)

Measurement System
Probe Calibration 16.0% N 1 1 1 16.0% 16.0% e
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% |«
Boundary Effects +1.0% |R +3 1 1 +0.6% | +0.6% |
Linearity #47% |R v3 1 1 27% | 227% |
System Detection Limits | £1.0% | R V3 1 1 10.6% | £0.6% |«
Readout Electronics 10.3% N 1 1 1 10.3% | £0.3% 0
Response Time +08% |R +3 1 1 +0.5% | +0.5% | =
Integration Time #26% |R V3 1 1 £15% |[x15% |«
RF Ambient Noise +3.0% |R v3 1 1 #1.7% | $1.7% |
RF Ambient Reflections | +3.0% | R V3 1 1 #1.7% | 21.7% | =
Probe Positioner 104% | R 3 1 1 10.2% | +0.2% |
Probe Positioning +29% | R 3 1 1 +1.7% | #1.7% | =
Max. SAR Eval. +1.0% |R v3 1 1 10.6% | 20.6% |«
Test Sample Related
Device Positioning +2.9% N 1 1 1 12.9% 12.9% 145
Device Holder 1+3.6% N 1 1 1 +3.6% |136% |5
Power Drift +50% |R 3 1 1 £2.9% | £2.9% |
Phantom and Setup
Phantom Uncertainty 14.0% R 3 1 1 12.3% 12.3% o0
Liquid Conductivity

+50% |R 3 0.64 |043 |21.8% |+1.2% |
(target)
Liquid Conductivity

+25% | N 1 0.64 0.43 $1.6% |+1.1% |«
(meas.)
Liquid Permittivity

50% |R 3 0.6 0.49 #1.7% | $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%
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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. 1g 10g Unc. Unc. Veff

(19) (109)

Measurement System
Probe Calibration 16.55% | N 1 1 1 16.55% | £6.55% | «~
Axial Isotropy 4.7% R ¥3 0.7 0.7 £1.9% 11.9% o0
Hemispherical Isotropy | £9.6% | R VI 0.7 0.7 3.9% | £3.9% |«
Boundary Effects +2.0% |R V3 1 1 £12% | +1.2% |
Linearity #4.7% |R V3 1 1 27% | X27% |
System Detection Limits | +1.0% | R V3 1 1 +0.6% | +0.6% |
Readout Electronics 10.3% N 1 1 1 10.3% | £0.3% 0
Response Time +0.8% |R e 1 1 +0.5% | +0.5% |
Integration Time +26% | R V7 1 1 £1.5% | +1.5% |
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% |«
Probe Positioner 10.8% R i3 1 1 10.5% 10.5% 0
Probe Positioning $9.9% |R V3 1 1 +57% | ¥5.7% |
Max. SAR Eval. +4.0% |R V3 1 1 12.3% | +23% |
Test Sample Related
Device Positioning 12.9% N 1 1 1 12.9% 12.9% 145
Device Holder +3.6% | N 1 1 1 +3.6% |+36% |5
Power Drift +50% |R V3 1 1 12.9% | +2.9% |
Phantom and Setup
Phantom Uncertainty +#4.0% |R V3 1 1 +23% | ¥2.3% |«
Liquid Conductivity _
(target) +50% |R V3 0.64 0.43 $1.8% | +1.2% |
Liquid Conductivity
(meas.) +25% | N 1 0.64 0.43 $1.6% | +1.1% |
Liquid Permittivity
(targef) +50% |R V3 0.6 049 | +1.7% |+1.4% |
Liquid Permittivity
(meas.) +25% | N 1 0.6 0.49 +1.5% | £1.2% |
Combined Std. Uncertainty $12.8% | £12.6% | 330
Expanded STD Uncertainty 125.6% | £25.2%
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8. Conducted Power Measurement

For 2.4GHz:
Ant1l
Frequency Avg. Power | Dutycycle | 1yne.up Power Scaling
Test Mode )
(MHz) (dBm) (%) (dBm) Factor
2412 10.34 99.36 11.00 1.164
802.11b 2437 10.51 99.36 11.00 1.119
2462 10.81 99.36 11.00 1.045
2412 9.37 97.61 10.00 1.156
802.11g 2437 9.43 97.61 10.00 1.140
2462 9.63 97.61 10.00 1.089
2412 7.24 97.19 8.00 1.191
802.11n(20MHz) 2437 7.12 97.19 8.00 1.225
2462 7.47 97.19 8.00 1.130
2422 7.87 91.40 8.00 1.030
802.11n(40MHz)| 2437 7.65 91.40 8.00 1.084
2452 7.56 91.40 8.00 1.107
Ant 2
Frequency Avg. Power | Dutycycle | 1yne.up Power Scaling
Test Mode )
(MHz) (dBm) (%) (dBm) Factor
2412 10.71 99.36 11.00 1.069
802.11b 2437 10.61 99.36 11.00 1.094
2462 10.77 99.36 11.00 1.054
2412 9.44 97.61 10.00 1.138
802.11g 2437 9.37 97.61 10.00 1.156
2462 9.56 97.61 10.00 1.107
2412 7.32 97.19 8.00 1.169
802.11n(20MHz) 2437 7.08 97.19 8.00 1.236
2462 7.42 97.19 8.00 1.143
2422 7.54 91.40 8.00 1.112
802.11n(40MHz) 2437 7.51 91.40 8.00 1.119
2452 7.44 91.40 8.00 1.138
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Ant 1+2
Frequency Avg. Power | Dutycycle | 1yne.up Power Scaling
Test Mode )

(MHz) (dBm) (%) (dBm) Factor

2412 10.58 99.36 11.00 1.101

802.11b 2437 10.39 99.36 11.00 1.151
2462 10.76 99.36 11.00 1.056

2412 9.36 97.61 10.00 1.158

802.11g 2437 9.19 97.61 10.00 1.205
2462 9.55 97.61 10.00 1.110

2412 7.69 97.19 8.00 1.075

802.11n(20MHz) 2437 7.66 97.19 8.00 1.081
2462 7.75 97.19 8.00 1.058

2422 7.57 91.40 8.00 1.104

802.11n(40MHz) 2437 7.85 91.40 8.00 1.036
2452 7.59 91.40 8.00 1.098
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For 5GHz:
Ant1l

Mode 1: Transmit by 802.11a

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 9.62 97.39 10.00 1.091
44 5220 9.29 97.39 10.00 1.178
48 5240 9.59 97.39 10.00 1.099
52 5260 9.35 97.39 10.00 1.161
60 5300 9.24 97.39 10.00 1.191
64 5320 9.32 97.39 10.00 1.169
100 5500 9.33 97.39 10.00 1.167
114 5580 9.46 97.39 10.00 1.132
140 5700 9.54 97.39 10.00 1.112
149 5745 9.44 97.39 10.00 1.138
157 5785 9.37 97.39 10.00 1.156
165 5825 9.54 97.39 10.00 1.112

Mode 2: Transmit by 802.11n(20MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.47 97.70 8.00 1.130
44 5220 7.71 97.70 8.00 1.069
48 5240 7.62 97.70 8.00 1.091
52 5260 7.63 97.70 8.00 1.089
60 5300 7.51 97.70 8.00 1.119
64 5320 7.61 97.70 8.00 1.094
100 5500 7.53 97.70 8.00 1.114
114 5580 7.28 97.70 8.00 1.180
140 5700 7.35 97.70 8.00 1.161
149 5745 7.73 97.70 8.00 1.064
157 5785 7.71 97.70 8.00 1.069
165 5825 7.39 97.70 8.00 1.151
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Mode 3: Transmit by 802.11n(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.72 92.68 8.00 1.067
46 5230 7.51 92.68 8.00 1.119
54 5270 7.56 92.68 8.00 1.107
62 5310 7.62 92.68 8.00 1.091
102 5510 7.59 92.68 8.00 1.099
110 5550 7.57 92.68 8.00 1.104
132 5670 7.63 92.68 8.00 1.089
151 5755 7.77 92.68 8.00 1.054
159 5795 7.42 92.68 8.00 1.143

Mode 4: Transmit by 802.11ac(20MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.44 97.70 8.00 1.138
44 5220 7.65 97.70 8.00 1.084
48 5240 7.43 97.70 8.00 1.140
52 5260 7.27 97.70 8.00 1.183
60 5300 7.46 97.70 8.00 1.132
64 5320 7.56 97.70 8.00 1.107
100 5500 7.42 97.70 8.00 1.143
114 5580 7.23 97.70 8.00 1.194
140 5700 7.3 97.70 8.00 1.175
149 5745 7.67 97.70 8.00 1.079
157 5785 7.66 97.70 8.00 1.081
165 5825 7.36 97.70 8.00 1.159
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Mode 5: Transmit by 802.11ac(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.64 93.01 8.00 1.086
46 5230 7.51 93.01 8.00 1.119
54 5270 7.52 93.01 8.00 1.117
62 5310 7.59 93.01 8.00 1.099
102 5510 7.55 93.01 8.00 1.109
110 5550 7.55 93.01 8.00 1.109
132 5670 7.61 93.01 8.00 1.094
151 5755 7.68 93.01 8.00 1.076
159 5795 7.39 93.01 8.00 1.151

Mode 6: Transmit by 802.11ac(80MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
42 5210 7.26 93.19 8.00 1.186
58 5290 7.24 93.19 8.00 1.191
106 5530 7.87 93.19 8.00 1.030
155 5775 7.53 93.19 8.00 1.114
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Ant 2
Mode 1: Transmit by 802.11a

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 9.84 97.39 10.00 1.038
44 5220 9.71 97.39 10.00 1.069
48 5240 9.51 97.39 10.00 1.119
52 5260 9.73 97.39 10.00 1.064
60 5300 9.64 97.39 10.00 1.086
64 5320 9.64 97.39 10.00 1.086
100 5500 9.65 97.39 10.00 1.084
114 5580 9.46 97.39 10.00 1.132
140 5700 9.43 97.39 10.00 1.140
149 5745 9.59 97.39 10.00 1.099
157 5785 9.53 97.39 10.00 1.114
165 5825 9.34 97.39 10.00 1.164

Mode 2: Transmit by 802.11n(20MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.74 97.70 8.00 1.062
44 5220 7.68 97.70 8.00 1.076
48 5240 7.44 97.70 8.00 1.138
52 5260 7.62 97.70 8.00 1.091
60 5300 7.58 97.70 8.00 1.102
64 5320 7.65 97.70 8.00 1.084
100 5500 7.63 97.70 8.00 1.089
114 5580 7.29 97.70 8.00 1.178
140 5700 7.37 97.70 8.00 1.156
149 5745 7.56 97.70 8.00 1.107
157 5785 7.37 97.70 8.00 1.156
165 5825 7.72 97.70 8.00 1.067
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Mode 3: Transmit by 802.11n(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.53 92.68 8.00 1.114
46 5230 7.42 92.68 8.00 1.143
54 5270 7.41 92.68 8.00 1.146
62 5310 7.45 92.68 8.00 1.135
102 5510 7.65 92.68 8.00 1.084
110 5550 7.34 92.68 8.00 1.164
132 5670 7.35 92.68 8.00 1.161
151 5755 7.69 92.68 8.00 1.074
159 5795 7.72 92.68 8.00 1.067

Mode 4: Transmit by 802.11ac(20MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.68 97.70 8.00 1.076
44 5220 7.64 97.70 8.00 1.086
48 5240 7.39 97.70 8.00 1.151
52 5260 7.58 97.70 8.00 1.102
60 5300 7.52 97.70 8.00 1.117
64 5320 7.64 97.70 8.00 1.086
100 5500 7.62 97.70 8.00 1.091
114 5580 7.21 97.70 8.00 1.199
140 5700 7.34 97.70 8.00 1.164
149 5745 7.53 97.70 8.00 1.114
157 5785 7.34 97.70 8.00 1.164
165 5825 7.67 97.70 8.00 1.079
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Mode 5: Transmit by 802.11ac(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.47 93.01 8.00 1.130
46 5230 7.36 93.01 8.00 1.159
54 5270 7.38 93.01 8.00 1.153
62 5310 7.43 93.01 8.00 1.140
102 5510 7.62 93.01 8.00 1.091
110 5550 7.3 93.01 8.00 1.175
132 5670 7.23 93.01 8.00 1.194
151 5755 7.64 93.01 8.00 1.086
159 5795 7.63 93.01 8.00 1.089

Mode 6: Transmit by 802.11ac(80MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
42 5210 7.78 93.19 8.00 1.052
58 5290 7.37 93.19 8.00 1.156
106 5530 7.29 93.19 8.00 1.178
155 5775 7.51 93.19 8.00 1.119
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Ant 1+2
Mode 1: Transmit by 802.11a

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 9.59 97.39 10.00 1.099
44 5220 9.45 97.39 10.00 1.136
48 5240 9.68 97.39 10.00 1.078
52 5260 9.40 97.39 10.00 1.148
60 5300 9.51 97.39 10.00 1.120
64 5320 9.39 97.39 10.00 1.150
100 5500 9.42 97.39 10.00 1.142
114 5580 9.47 97.39 10.00 1.130
140 5700 9.39 97.39 10.00 1.150
149 5745 9.38 97.39 10.00 1.155
157 5785 9.47 97.39 10.00 1.131
165 5825 9.66 97.39 10.00 1.083

Mode 2: Transmit by 802.11n(20MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.66 97.70 8.00 1.082
44 5220 7.33 97.70 8.00 1.166
48 5240 7.40 97.70 8.00 1.149
52 5260 7.39 97.70 8.00 1.150
60 5300 7.35 97.70 8.00 1.110
64 5320 7.40 97.70 8.00 1.149
100 5500 7.58 97.70 8.00 1.101
114 5580 7.27 97.70 8.00 1.184
140 5700 7.27 97.70 8.00 1.182
149 5745 7.67 97.70 8.00 1.078
157 5785 7.50 97.70 8.00 1.122
165 5825 7.39 97.70 8.00 1.150
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Mode 3: Transmit by 802.11n(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.46 92.68 8.00 1.131
46 5230 7.48 92.68 8.00 1.127
54 5270 7.45 92.68 8.00 1.134
62 5310 7.44 92.68 8.00 1.139
102 5510 7.33 92.68 8.00 1.166
110 5550 7.51 92.68 8.00 1.120
132 5670 7.14 92.68 8.00 1.219
151 5755 7.37 92.68 8.00 1.156
159 5795 7.51 92.68 8.00 1.121

Mode 4: Transmit by 802.11ac(20MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
36 5180 7.48 97.70 8.00 1.126
44 5220 7.21 97.70 8.00 1.201
48 5240 7.34 97.70 8.00 1.165
52 5260 7.30 97.70 8.00 1.175
60 5300 7.44 97.70 8.00 1.138
64 5320 7.33 97.70 8.00 1.167
100 5500 7.53 97.70 8.00 1.113
114 5580 7.21 97.70 8.00 1.201
140 5700 7.20 97.70 8.00 1.203
149 5745 7.39 97.70 8.00 1.151
157 5785 7.44 97.70 8.00 1.138
165 5825 7.36 97.70 8.00 1.159
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Mode 5: Transmit by 802.11ac(40MHz)

Channel |Frequency| Avg. Power (dBm) Duty cycle (%) [Tune-up Power| Scaling
No. (MHz) (dBm) Factor
38 5190 7.41 93.01 8.00 1.146
46 5230 7.41 93.01 8.00 1.145
54 5270 7.39 93.01 8.00 1.150
62 5310 7.38 93.01 8.00 1.155
102 5510 7.22 93.01 8.00 1.195
110 5550 7.48 93.01 8.00 1.128
132 5670 7.08 93.01 8.00 1.237
151 5755 7.24 93.01 8.00 1.191
159 5795 7.45 93.01 8.00 1.135

Mode 6: Transmit by 802.11ac(80MHz)

Channel |[Frequency|  Avg. Power (dBm) Duty cycle (%) |Tune-up Power| Scaling
No. (MHz) (dBm) Factor
42 5210 7.29 93.19 8.00 1.178
58 5290 7.41 93.19 8.00 1.146
106 5530 7.56 93.19 8.00 1.106
155 5775 7.60 93.19 8.00 1.096
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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: REALMAX-QIAN

Frequency: 2412 ~ 2462 MHz

Test Mode: 802.11b

Ant 1
Test Position Power Scaled
Antenna | Frequency | Frame - SAR | Scaling | Duty | SAR | Limit
Body Positi (MHz) Power | Drift 19 Factor | factor 19 (W/kg)
osition z
Bottom Fixed 2462 10.81 | 0.14 | 0.032 | 1.045 | 1.006 | 0.034 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: This device was designed for head weared, so only the face position was tested for SAR compliance.
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SAR MEASUREMENT

Ambient Temperature (°C) : 21.5+ 2

Relative Humidity (%): 52

Liquid Temperature (°C): 21.0+ 2

Depth of Liquid (cm):>15

Product: REALMAX-QIAN

Frequency: 5180~5825MHz

Test Mode:802.11a

Ant 2
Test Position Power Scaled
Antenna | Frequency | Frame - SAR | Scaling | Duty | SAR | Limit
Body Positi (MHz) Power | Drit 19 Factor | factor 19 (W/kg)
osition z
Bottom Fixed 5180 9.84 0.00 0.097 | 1.038 | 1.027 | 0.103 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: This device was designed for head weared, so only the face position was tested for SAR compliance.
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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.

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. SAR was performed with the device configured in the positions according to KDB 447498 D01 SAR

Procedures for general, body SAR was performed with the device to phantom separation distance of Omm.

WLAN Notes:
When the maximum extrapolated peak SAR of the zoom scan for the maximum output channel is <1.6 W/kg

and the reported 1g averaged SAR is <0.8 W/kg, SAR testing on other default channels is not required.
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9.3. SAR Test Exclusions Applied

Wi-Fi/Bluetooth
Per FCC KDB 447498 D01v06, the SAR exclusion threshold for distances<50mm is defined by the

following equation:

Max Power of Channel (mW)

=« /Frequency(GHz) < 3.0
Test Separation Dist (mm) ¥ { y(GHz)

Per FCC KDB 447498 D01v06, the SAR exclusion threshold for distances>50mm is defined by the

following equation:

[Power allowed at numeric threshold for 50 mmin step 1) + (Test separation distance — 50 mm) [ Frequency(MHz)/ 150 ]] mwWw

— * JFreguency((GHz)
Test Separation Dist{mm) VETequent

Head band

;I lE.zmm 7. 1mm

127mm
BT-07 5.1mm
WIFR+EBT A a
132mm
5m

WIFI-07

WIFI Antpnna Lpd o7
a4mm |

As according to the user definition, we only need to test the face toward position for SAR
compliance.

The maximum BT power is less than 10dBm(7dBm), so BT can be excluded.
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9.4. Simultaneous SAR Result

Per FCC KDB 447498 D01v06, the 1) [(max. power of channel, including tune-up
tolerance, mW) / (min. test separation distance, mm)]-[Nf(GHz)/x] W/kg, for test separation
distances < 50 mm; where x = 7.5 for 1-g SAR;

Bluetooth estimated SAR should be 0.086W/kg according to the maximum tune up

power for Bluetooth is 7dBm.

Simultaneous SAR Mode

Simultaneous SAR Result

(W/kg)
2.4G WIFI 5G WIF| 0.137
2.4G BT 2.4G WIF| 0.120
2.4G BT 5G WIF| 0.189

Note: The maximum SAR is 0.189W/kg, which is less than 1.6W/kg, so simultaneous

SAR is complied.
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Appendix A. SAR System Validation Data

Date/Time: 01/29/2019
Test Laboratory: DEKRA Lab
System Check Head 2450MHz
DUT: Dipole 2450 MHz D2450V2; Type: D2450V2
Communication System: UID 0, CW; Communication System Band: D2450(2450MHz); Duty Cycle: 1:1;
Frequency: 2450 MHz; Medium parameters used: f = 2450 MHz; 0 = 1.84 S/m; er = 39.74; 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(7.33, 7.33, 7.33); Calibrated: 23/02/2018;

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

e Electronics: DAE4 Sn1220; Calibrated: 16/02/2018

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

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

Configuration/System Check Head 2450MHz/Area Scan (7x11x1): Measurement grid: dx=10mm,
dy=10mm;Maximum value of SAR (measured) = 19.2 W/kg

Configuration/System Check Head 2450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm;Reference Value = 89.11 V/m; Power Drift = 0.13 dB

Peak SAR (extrapolated) = 38.1 W/kg

SAR(1 g) = 12.83 W/kg; SAR(10 g) = 5.79 W/kg Maximum value of SAR (measured) = 19.9 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0 dB = 19.9 W/kg = 12.99 dBW/kg
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Date/Time: 01/29/2019
Test Laboratory: DEKRA Lab
System Check Head 5250MHz
DUT: Dipole D5GHzV2; Type: D5GHzV2
Communication System: UID 0, CW (0); Communication System Band: 5GHz(5000.0-6000.0MHz); Duty
Cycle: 1:1; Frequency: 5250 MHz; Medium parameters used: f = 5250 MHz; 6 = 4.74 S/m; &, = 37.46; p =
1000 kg/m® ; Phantom section: Flat Section ; Input Power=100mwW
Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0

DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(5.23, 5.23, 5.23); Calibrated: 23/02/2018;

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

e Electronics: DAE4 Sn1220; Calibrated: 16/02/2018

e Phantom: SAM2; Type: SAM; Serial: TP1562

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

Configuration/System Check Head 5250MHz/Area Scan (6x8x1): Measurement grid: dx=10mm,
dy=10mm;Maximum value of SAR (measured) = 10.0 W/kg

Configuration/System Check Head 5250MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm

Reference Value = 42.53 V/m; Power Drift = 0.12 dB

Peak SAR (extrapolated) = 30.3 W/kg

SAR(1 g) = 7.98 W/kg; SAR(10 g) = 2.27 W/kg Maximum value of SAR (measured) = 11.9 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0dB =11.9 W/kg = 10.76 dBW/kg
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Appendix B.SAR measurement Data

Date/Time: 01/29/2019
Test Laboratory: DEKRA Lab
802.11b 2462MHz Bottom-ant 1
DUT: REALMAX-QIAN; Type: ME835-A01
Communication System: UID 0, Wi-Fi (0); Communication System Band: 802.11b; Duty Cycle: 1:1.0;
Frequency: 2462 MHz; Medium parameters used (interpolated): f = 2462 MHz; o =1.908 S/m; r =
37.862; p = 1000 kg/m3 ; Phantom section: Flat Section
Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0
DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(7.33, 7.33, 7.33); Calibrated: 23/02/2018;

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

e Electronics: DAE4 Sn1220; Calibrated: 16/02/2018

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

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

Configuration/802.11b 2462MHz -bottom/Area Scan (9x19x1): Measurement grid: dx=12mm, dy=12mm
Maximum value of SAR (measured) = 0.0574 W/kg

Configuration/802.11b 2462MHz -bottom/Zoom Scan (5x5x4)/Cube 0: Measurement grid: dx=8mm,
dy=8mm, dz=5mm; Reference Value = 0.7560 V/m; Power Drift = 0.14 dB

Peak SAR (extrapolated) = 0.0650 W/kg;

SAR(1 g) = 0.032 W/kg; SAR(10 g) = 0.014 W/kg Maximum value of SAR (measured) = 0.0415 W/kg

-4.00

-8.00

-12.00

-16.00

-20.00

0 dB =0.0399 W/kg = -13.99 dBW/kg
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Date/Time: 01/29/2019
Test Laboratory: DEKRA Lab
802.11a 5180MHz Bottom-ant 2
DUT: REALMAX-QIAN; Type: ME835-A01
Communication System: UID 0, CW (0); Communication System Band: 5GHz(5000.0-6000.0MHz); Duty
Cycle: 1:1.0; Frequency: 5180 MHz; Medium parameters used: f = 5180 MHz; 0 = 4.48 S/m; &r = 36.03; p
= 1000 kg/m3 ; Phantom section: Flat Section
Ambient temperature ( ): 21.5, Liquid temperature ( ): 21.0
DASY5 Configuration:

e Probe: EX3DV4 - SN3710; ConvF(5.23, 5.23, 5.23); Calibrated: 23/02/2018;

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

e Electronics: DAE4 Sn1220; Calibrated: 16/02/2018

e Phantom: SAM2; Type: SAM; Serial: TP1562

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

Configuration/802.11a 5180MHz -ant 0+1/Area Scan (9x21x1): Measurement grid: dx=10mm, dy=10mm
Maximum value of SAR (measured) = 0.172 W/kg

Configuration/802.11a 5180MHz -ant 0+1/Zoom Scan (7x7x6)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=2mm

Reference Value = 0 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 0.347 W/kg

SAR(1 g) = 0.097 W/kg; SAR(10 g) = 0.029 W/kg Maximum value of SAR (measured) = 0.202 W/kg

dB

-5.00

-10.00

-15.00

-20.00

-25.00

0 dB = 0.202 Wikg = -6.95 dBW/kg
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Appendix C. Probe Calibration Data

Calibration Laboratory of ki Schwelzarischer Kallbriordianst
Schmid & Pariner f g Service suissc ;‘i‘lﬂbhnann
Engineering AG Servizio svizzers di taratsra
Zsughalssstranse 43, 8004 Zurich, Switsrand = & &/ 8 gyiss Calibration Service
bl S
Accrediiad by the Swiss Accredintion Sandes [S43) Accreditation Me: SCS 0108

Thi Swiss Accreditaion Service is ane of the signatories to the EA
Multilateral Agreement far the recagnition of calibration certificases

et T ST

Client _ | Cartificats Mo EX3-3710_Fab1g

CALIBRATION CERTIFICATE ..~ |

Object EXA0VE - SN0 T o '

Calitratian procedurea) fﬁmﬁﬁﬁ@fﬁﬁﬂ'mﬁf—ﬂﬂ.mtﬂ-ﬂﬁ_
(QRCALQSRE o s e hae '

Caltstion date: RN i

This calisraion serd¥icate documants tha raceabifly to naticnal standands, which realizs tha physical units of measuren ents (S,
The measursments and the unceriainties with canfidencs prababilRy ere given on tha following pages and are part of the conicats.

Al cafibrations have been candumed in the clased laboratany facilty; ermiranmeant bemparabure (22 £ 31°C and hurnidity < T4,

Calibration Equipment used (M&TE erifical for calBration)

| Frimary Stedards [ €l Diate {Carshicate o, Seheduted Callbration

Power meter NRE SH; 104778 Cd-Apr-17 (Mg, 217-02821/02522) Aorg

Powar sansar MRP-291 SN: 103244 Dd-Apr1 T (No. 217-02521) Apri g

Powar sensor MRP-281 SN 10ERe5 Dd-Aps-17 (Mo, 217-02525) Apre18

PRefarence 20 4B A v Sh: SE2TT (He) O7-Ape-17 (Mo, 297-02578) Apr-18

Refersnca Probe ESIDVG Sh: 3013 F0-Dec-17 (Ma. E53-3013_Dect7) Dec-18 |
DAE4 5M: 650 21-Dec-1T (Mo, DAE4-560_Deci T Dec-18

Secondary Etnr'dar_gs_ |=] Chiscke Diale (in housa) Sﬂ'ﬁ_luladﬂh::k

Powes meter E44168 S G4 1253874 A8-Ar-14 (i houss check Jun-16) Ini hogse chess Jun-18

Power serrsar E44124 S MY 41438087 08-fpr-1§ [in housa check Jun-18) I bousa chsck: Jurei8

Porwer sensar E44128, SH: 010210 OF-Apr-16 {in houss chedk Jun-15) In hause check: Jun-18

RF ganersior HP BE48C SN: US3642UMT00 Od-Aurz6 (in house check Jur-16) In house check: Jun-18

Mertwork Analyzer HP 8753E SN: LEAT 350585 16-0¢t-01 {in bouse chesek Oel=17) ki heuse chack; Dat-18 )
Caifbrated by:

Approved by

lssued: February 27, 2048

| This calibration corificata shall net be raprodisssd exoaph in dull without veritten approval of the labarstany,

Cenlificate No: EX3-3710_Febi8 Page 1of 11
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i‘.‘:alfbnl'atcun Laboratory of “\@ f-.*"'\ §  Schweizedschor Kalibriordianst

Schmid & Partner % G Servico sulsss diétalonnage
Enginearing AG Bervizio svizzeno i taratura

Zeughausstrassa 43, B004 Zurich, Switzarland /ﬁg; “\_ s §  guise Callbration Servies

Aeorodited by the Swiss Accrediation Serics (SA5) Accraditation e.: SCS 0108

The Swiss Accreditation Servdoe I8 ane of the signatosies to the E&

Muttifateral Agresmant for the recognition of callbration cerlificates

Glossary:

TSL tissua simulating liquid

NORMwy,z sansitivity in free space

ComF sensitivity in TSL / NORMx,y,z

DCP diade comprassion poing

CF crest factor (1/duty_cyele) of the RF signal

ABCD modulation dependent inearization parameters

Pelarization ¢ i rotation around probe axis

Paolatization § 8 rotation around an axis that is in the plane normal 1o probe axis {at measuramant canter),

€., 8 = 0 Is normal o probe axis
Connector Angle Infarmation used in DASY system to align probe seqsor X to the robot coordinate systam

Calibration is Performed According to the Following Standards:

a) [EEE Std 1528-2013, “/EEE Recommendad Practice for Deterrmining he Peak Spatial-Averaged Specific
Absorption Rata (SAR} in the Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013 !

b) IEC 622001, ", "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from kand-
held and body-rmounted devices used next o fhe ear (frequency range of 300 MHz o & GHz)", July 2016

c} |EC 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wirelass communication devicss
used in close proximity 1o the human body {frequency range of 30 MHz to & GHz)", March 2010

d} KDB 865664, “SAR Measuramant Requiremants for 100 MHz 1o & GHz"

Methods Applied and Interpretation of Parameters:

*  NORMzy,2: Assessed for E-field polarization 8 =0 {f = 500 MHz in TEM-cell; > 1800 MHz: R22 waveguide),
NORMx,y,z are only intermediate values, |e., the unceraintiss of NORMxy.z does not affect the Efleld
uncertainty inglde TSL (sea balow CormeF),

*  NORMx .z = NORMx vz * frequency_response (see Frequency Responss Chart). This linearization is
implementied in DASYS software versions fster than 4.2, The uncenainty of the fraguency responze is inchuded
in the stated uncertainty of Comvr.

»  DCPx,p.z: DCP are numerical linearization Farameaters assessed based on the data of power sweap with CW
signal (no uncertainty required). DCP doas ot depend on frequency nor media,

*  PAR: PAR is the Peak to Awesage Ralle that is not calibrated but determined based on the signal
characteristics

* A Bryr Cxy.z Dxyz VRY, Y.z A, B, G, D are numerical linearization parameters assessad besed on
the data of power sweep for apecific modulation signal. The parametsrs do nat depend on frequency nor
media. VR iz the madimum calibration range exprassed in RMS voltage acrass the diode,

*  ConvF and Boundsry Effect Paramefars: Azzessed in flat phartom using E-field (or Temperature Transfor
Standard for f = 800 MMz} and inside waveguide Uging analytical field distributions based an power

boundary compansation (alpha, dapth) of which typical uncertainty values are given, These paramatars are
used in DASYY software b improve probe acouracy clese to the boundary, The senslitivity in TSL comesponcds
to NORM:=,y,z * CoanvF whereby the uncertainly corresponds to that givean for ComeE, 4 fraquency depandant
ComvF is used in DASY version 4.4 and higher which allows extending the wallidity fram + 50 MHz to = 100
MHz.

o Sphercal isotropy (30 deviation from isofropyl: in a field of low gradients realized using a flat phantom
exposed by a paich anfenna.

*  Sensor Offset The sensor offset comesponds fo the offset of virual measurement center from the praba tip
{on probe axis). Mo lokerancs féquired,

*  Connector Angle: The angle is assessad using the information gained by cetarmining the NORMy (no
uncErlainty required).

Cerlificate No: EX3-3710_Fab1g Pape 2 of 14
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EXIDVE - 583710 February 23, 2018

Probe EX3DV4

SN:3710

Manufactured:  July 21, 2009
Calibrated: February 23, 2018

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system|}

Certificate Mo EX3-3710_Feb18 Page 3 of 11
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EX30Vd4- SM:3T10 February 23, 2018

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

Basic Calibration Parameters

Sensor X Sonsor Y Sensor Z Unc (k=2) |
Morm (pvi{vim)T)® 0.39 038 047 +10.1%
BCP {mv)” 905 101.6 101.8
Modulation Calibration Parameters
Ui Communication Systern Name A B c D [ Unc®
dB BV dB my (k=2)

o ow X 0.0 0.0 1.0 0.00 1814 | 230%

¥ 0.0 0.0 1.0 1404

z 00 0.0 1.0 1669

The reported uncertainty of measurement is stated g
multiplied by the coverage factor k=
probability of approximately 853,

s the standard uncertainty of measurement
2, which for a normal distribution coresponds to a coverage

* Tha uncartainkies of Norm XY, do nat sfest the E%fieid uncertsinty insica TSL (zea Pagas 5 and B).
¥ Murmerical linearizasion paramessr: urcertainty not required,
E Uinceriainty

i 15 detanmined using the mas. deviation from linear response #pplying rectangetar dstrioulion and is eeprassed for the snuare of the
W value.

Canlificate No; EX3-3710_FebiB Pags 4 of 11
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EXAMNE— SN:3T10 February 23, 2018

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

Calibration Parameter Determined in Head Tissue Simulating Media

Ralative Condictivity Dapth Une

FiMHz)® | Permittlvity " [sim)® ComyF X | ConvFY | ComFZ | Mlpha® |  mm) (k=2
450 43.5 0.87 1054 | 1054 | 1054 | o495 125 | =133%
750 419 0.89 9.95 5,95 5.05 048 | 080 | +120%
Bas 415 0.90 8.38 8.38 8.38 035 | 085 | +12.0%
200 415 0.97 _ 526 B.26 .26 035 | 1.02 | £120%
1810 40.0 1.40 8.14 8.14 B.14 037 | 080 | £120%
1500 40.0 140 8.00 8.00 8.00 033 | 085 | £120%
2450 382 1.80 7.a3 733 7.33 028 | 082 | +120%
2600 38.0 1.96 7.1 7.1 7.1 038 | 080 | +120%
3500 37.9 2m T.05 7.05 7.08 030 | 120 | #131%
5260 35.9 4.71 5.23 5.23 5.23 040 | 180 | +131%
5500 35.5 5.07 4.76 4.78 4.76 045 | 180 | £131%
5750 35.4 522 4.85 4.85 4.85 045 | 180 | +£134%

* Fraguency valdily abee 900 MHz of = 154 MHE anly appiles for DASY v4.4 and highier (sea Page 2), ele it i resticied fo & 50 MH=. The
uncartginty is the RSS of the CorvF uncertainty at calbration frequency and the uncerlainty for the indicated froguency band, Fraquency validiy
balcrw 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assassmants 8L 30, 64, 128, 150 and 220 MHz ressectively, Abeve § GHz fragusncy
validity can be exlendad to + 110 MMz,

P At frequencies balow 3 GHz, tha valdey of lissun paramesers (e and o) ean be relasad o = 10% I lquid compensation fermuta is spplied to
measured 3AR values. At Foquencies abowe 3 GHE, the walidity of fissue paramelers (= and o} s restricted to & 5. The uncenainty is the RSS of
the Com unoartainty for indicated targel lissue parameders.

* MphaiOept ar defermined during calbeation. SPEAG warrants thas he remaiing Gavistion du & the Biourdary affect afler campansstian s
ahvays leas than £ 1% for fraguancies bolow 3 GHz and betlorey = 2% for freguencies batwean 3-6 GHz at ary distance largor than half the probe iip
diametar from the boundarny.

Cerificate No: EX3-3710_Febi1a Page 5of 11
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EXIDVa—- SMEaT10 February 23, 2018

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

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz) * PﬂEmNI::Ir:I:jI" Cn?:mcr p ConvFX | ConvFY | ConvFZ | Alpha® D{:npg‘]lu {Eggh
450 56.7 0.84 10,83 10.83 10.83 0.0% 1.20 £13.3%
TEQ 55.5 0.96 9.87 9.87 9.87 048 0.80 £12.0 %
835 55.2 0.97 9,80 9.60 9.60 0.47 .82 120 %
200 55,0 1.05 945 8.48 9.45 0.50 0.83 £+120% |
1810 533 1.52 1.7 70T 707 0.35 0.90 £120%
1900 53.3 1.52 T64 T.64 764 0.44 0.80 +12.0 %
2450 52.7 1.85 T.A7 742 T7.42 0.37 0.38 +12.0 %
2800 52.5 218 723 7.23 7.23 0.23 1.05 | #12.0%
3500 51.3 3.3 B.53 .53 B.53 0.25 1.25 £13.1%
5250 48.9 5.36 4.44 4.44 4.44 0.50 1.80 +13.1 %
5600 48.5 5.77 3.83 3.93 3.93 0.50 1.80 £131 %
arE) 48.3 5.94 4.08 4.06 4.06 0.50 1.50 131 %

“ Frequéncy valiily above 300 MHz of = 100 KiHz anly appiies for DASY v4.4 and Higher (soe Page 2), slse it Is raplricled i & 50 MHE The
unceriginty is the RES of he Corv uneartsinty at calbrston frequency and the uneariginty for the indicased frecuancy band. Frequency validity
bakow 300 MHz is + 10, 25, 40, 50 and 70 MH for CanvF assassments 8L 30, 64, 128, 150 and 220 MHz raspectively. Above 5 GHz frequancy
validity can be exerded b £ 110 MHz.

F At frequencies below 3 GHz, thva valichly of Ssue parametars z and o) can be relaad to & 10% if liquld compersation formua is applied 1
measurad SAR values. Al frequoncies ahive 3 GHz, the validity of tissus paramaters (e ard a) b5 reslricted to & 8%, The uncertalnty [ the RSS of

 MiphaiDapth aie debamined during callbralian. SPEM warranls that the remaining cevision du to the bourdary effect aflar sompansation ls
abways lass than + 1% for frequancies below 3 GHz and balow 2 2% for fraguancies betwesn 3-5 GHz af any distance largar Bian half e probe tip
diameler from fhe boundary.
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EXI0V4- SN:ATI0 Fabruary 23, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Respense of E-fleld: + 6.3% {k=2)
Cartificale No: EX3-3710_Feb16 Page T of 11
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EX30V4- SN:aT10 February 23, 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: +0.5% (k=2)
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EX30Vd— SN:3T10 February 23, 2018

Dynamic Range f(SAR}qq)

(TEM cell , fou= 1900 MHz)

input Signal [u]

ot companaated mﬁmﬁ

Uncartainty of Linearity Assessmant; * 0,6% (k=)

Carlificate No: EX3-3710_Feb14 Page Gof 11
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EX3DV4- SN:3710 February 23, 2018

Conversion Factor Assessment

f =900 MHz, WGLS R (H_convF) f= 1810 MHz,WGLS R22 (H_convF)
40 F
: s
354"
3% i
a0 "\.\ W
Z 2sf Y Zw '-.1
: s £l
5 20 \\ E_a‘ s N
- .,
15 \.‘\ - “.\
" . 1o b i
10 s ' e ..
Dn! ‘--‘H‘H.—\-\--‘- s 2 5 ‘-‘ = -
Uﬂﬂ :I 1In - 15 ['Q:ﬂll J;'.u n ..&‘._l:!:l u-ﬂl;_ £ 10 15 ‘I | I 3 X 35 an
Z [mm| - E {mm|
anyica reirasd i et
Deviation from Isotropy in Liquid
Error (9, 9), f = 900 MHz
= R
=
z -
1.0 -08 -06 -0.4 -02 00 02 04 0.e 04 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% {k=2)
Certificate No: EX3-3710_Feb18 Page 10 of 11

Page: 58 of 90



D DEKRA

Report No.: 1912082R-HP-US-P06V03

EX30Vd— SNaT10 Febuary 23, 2018

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

Other Probe Parameters
Sensor Arrangament Triangular
Connactor Angle (%) 815
Mechanical Surface Detection Made enabled
Ciptical Surface Detection Mode disahlad
Probe Cverall Length 337 mm
Probe Body Diamater 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Senaor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point imm
Probe Tip to Sensar Z Calibration Pairt 1 mm
Recommended Measurement Distance from Surace 1.4 mm

Cerlificale No: EX3-3710_Feb18 Page 11 of 11
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Appendix D. Dipole Calibration Data

Calibration Laboratory of
Schmid & Partner

Enginaaring AG
Zsughausstrasse 43, 8004 Zurich, Switzertand

Accrisiibed Dy 1he Swiss Accaditahon Sendca (SAS)

Schwelzerischer Kalibriardienst
Bervice auisse d'éldlonnage
Servirio svizzers di tnratum
Swiss Calibration Service

Accreditation No.: SCS 0108

The Swisa Accreditntion Service is ono of the signatories (o the EA
Multilateral Agresment for the recognition of calibration certificstos

client  QTK-CN (Auden)

contiicate No: D2450V2-839_Feb16

|CA[_.IBHA'I10N CERTIFICATE

et D2450V2 - SN: 838

| Calitraticn proceduns(s) QA CAL-05.vE

Calibration procedurs for dipole validation kils above 700 MHz

! Calibration dudie F@Dtl"l,.lﬂ.l'yI 09, 2016

Calitsation Equiprmeant wted (METE Grilical lad Cahbratan)

This calradicn cartficane documents the raceability 1o national standasds, which realize the physical unils of moasuremoms (35)
Thie measuremants and e uicetanties with confdence protabiity are gren on the folowing pages and are pan of the cenilicats

All Calibrations have Seen conducied in the closed loboratery iaciiity; environment temperature (22 « 3)°C mnd humidity « TO%

s el

Ths calibration celilicale shall ol be ieprcduced axcept in Tull without witten approval of tha Inboratory.

Primary Standards |ip # Cal Chat {Csrtilicate Mo Scheduled Calibration

Provwr ristlis EFA-2424 GEET4E0T OF-Diet-15 (Mo, 217-02222) Cct-16

Powor sansar HP BIATA LIRAT282TAI O7-0ict-15 (Mo, 217-08222) Oct-16

Powar sangar HP Be814 MIYAL0aEI T O7-Cact- 18 (Mo, 217-00223) Oal-18

Fetemncs 20 9B Aflenualor S S05E (20%) 01-Apr-15 (Mo, 24702131 Mar-18

Type N mismabch combmation SN B4T.2 /DEIZ7  D1-Ape-15 (NG 21 702134) Mar-16

Relarance Probs EXA0VA EH- T340 A1-Dhee- 15 (Mo, EX3-7348_Dec1s) Dec-16

DAES SN: B0 30-Dec-15 (Mo, DAE4-£01_Dec15) Do 16

!-‘mﬂmﬂ.uy Exnnrinerin [+l ] Chnci Chale {in house) SChrdued Chincs o

RF geremior RES SMT-06 100872 15-Jun-15 (in house chack Jun-13) In house check: Jun-18

Notwnrk Anahpror HP BTRIE USATIBDSAS 54206 18-Dat-01 {in house check Oct-15) In house check: Oct-16
Mamn Funthon Signatune

Cabibwatiod by Michasal Waber Laboratory Technician #ﬁ

by~
Approved by Katia Pokovic Technicn! Managor

AT A

lesuid Febiuany 10, 2006

Certificate No: D2450V2-8359_Feb18
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Calibration Laboratory of ;":\EI_;& G Schweizerischer Kalibrierdienst
Schmid & Partner M c Service sulsse d'étalonnage
Engineering AG T Bervizio svizzern di taratira
Zoughaussirasse 43, 8004 Zurich, Switzerland o S swiss Calibration Service
Accreddpd by tha Swess Accreditation Servics [SAS) Accreditation Mo.: SCS5 0108

The Swias Accreditation Service is one of the signatories to the EA
Muitilateral Agreemant for the recognition of calibration certilicalos

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Sitd 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measuremeant 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) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz 1o 8 GHz)", March 2010

d) KDB 865664, "SAR Measuremenlt Requirements for 100 MHz to 6 GHZ"

Additional Decumentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

e Antenna Parameters with T5L: The dipole is mounted with the spacer lo position its feed
point exactly below the center marking of the flal phantom section, with the arms oriented
parallel to the body axis.

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

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

=  SAR measured: SAR measured at the staled antenna input power.

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

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

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cartificate No: D24500V2-838_Febi6 Page 2 ol 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS5 Vv52.8.8
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 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)°C 38.7+6% 1.84 mho/m £ 6 %
Head TSL temperature change during test <05°C nen —en
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.0 Wikg
SAR for nominal Head TSL parameters normalized to 1W 51.3 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.03 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.9 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 529+6% 2.00 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 Condition
SAR measured 250 mW input power 12.6 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

5.87 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

Certificate No: D2450V2-839_Feb16
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5540+ 2.0jQ
Return Loss -25.2dB
Antenna Parameters with Body TSL
Impedance, transformed to feed point 5020 +6.4jQ
Return Loss -23.9dB
General Antenna Parameters and Design
| Electrical Delay (one direction) 1.143 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

according 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

July 20, 2009

Certificate No: D2450V2-839_Feb16
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Report No.: 1912082R-HP-US-P06V03

DASYS Validation Report for Head TSL

Date: 08.02.2016
Test Laboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHzz Type: D2450V2; Serial: D2450V2 - SN: 339

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: = 2450 MHz; a = 1.84 5/m; g = 38.7; p= ({0 kg/m’

Phantom sechon: Flat Section
Measurement Standuard: DASYS (IEEEMEC/ANSI CH3.19-2011)

DASY 52 Configuration:
s Probe; EX3DV4 - SN7349; ConvF(7.76, 7.76, 7.76); Calibrated: 31.12.2015;
«  Sensor-Surface: |4mm {Mechanical Surface Detection)
« Electronics: DAE4 Sp601: Calibrated: 30.12.20135
¢ Phantom: Flat Phantom 5.0 (fronty; Type: QDOOOPSOAA; Serial: 1001

« DASYS2Z 52.8.8(1258); SEMCAD X 14.6.1I(7372)

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

Heference Value = 113.0 Vim; Power Dnift = 0.00 B

Peak SAR (extrupolated) = 26.2 Wikg

SAR(I gh = 13 Wikg: SAR(10 g) = 6.03 W/kg

Maximum value of SAR (measured) = 21.2 Wikg

-4.00
-B.00
-12.00

-20.00

0dB =212 Wikg = 13.26 dBW/kg

Cenificalo No. D2450V2-839_Fab16 PagaSof 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL
Date: 09.02.2016

Test Laborutory: SPEAG, Zunch, Switzerlund
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 839

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

Medium parameters used: [= 2450 MHz: o = 2 8/m; & = 52.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMEC/ANS] C63.19-2011)

DASY 52 Configuration:
« Probe: EX3DVY - SN7349; ConvF{7.79, 7.79, 7.79); Calibrated: 31.12.201 %;
«  Sensor-Surface: Ldmm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibruted: 30.12.2015
»  Phantom: Flat Phantom 5.0 (back ). Type: QDOOOPS0A A Serial: 1002
o DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

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

Measurement grid: ds=5mm, dy=5mm. dz=5mm
Reference Value = 105, 1 Vim; Power Drift = 0,02 dB
Peak SAR (exmrapolmed) = 25.0 W/kg

SAR(1 g) = 12.6 W/kg; SAR(10 g) = 5.87 Wikg
Muaximum value of SAR (measured) = 20,4 Wikg

db

l -4.00

¥

-8.00
-12.00
-16.00
-20.00
0dB =204 Wikg = 13.10 dBW/kg
Certificate No: D2450V2-839 Feb16 Page 7ol 8
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Impedance Measurement Plot for Bedy TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accrediled by the Swise Accreditation Servics (SAS)

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibeation certificates

Schweizerischer Kalibrierdienst
Service suisse d'é¢talonnage
Servizio svizrero di taratura
Swiss Calibration Service

“wow

Accreditation No.: SCS 0108

ciient  QTK-CN (Auden) Certificate No: D5GHzV2-1078_Febi6
— e —_— — = — S
Otject D5GHzV2 - SN: 1078
Calitration procadura(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz
Catbraban dale Fabruary 10, 2016
This caliteation carficale documents the tracenbility 1o national standasds, which reaize the physical units of maasuremants (S1)
Tha moasuremants and (e uncodainties weih confidence Peobabilty afe given on the foliowing pages and are part of the cestilicate
| A calibrations have been conducted in th ciased laboemiony tasility: amironment lempemture (22 = 31°C and humidity « 7%
Cadtration Egupmant wsed (MATE entical for calibration)
| Primary Standards 10w Cal Dats (Costificata No.) Scheduled Calibration
Powar meter EPM-4424 GBIT480704 O7-0ict-15 (Mo, 217-02227) Oct-16
Powar sensod HP B4B1A USaTaazTEa 07-Oci-15 Mo, 21702223 Oet-16
Powar sensos HP B4B1A MY41082317 O7-Oct-15 (Mo, 217-02223) Oct-16
Raoterence 20 dB Atenusior S8 5058 (20k) D1-Apr-15 (Mo, 217-02131) Mar-16
Type-N misrmatch combination SN 50472 /08327 0%-Apr15 (Mo, 217-02134) Mar-18
Ralarance Probe EXI0V4 SN; 3500 31-Dwc-15 (No. EX3-3503_Dec15) Dec-16
DAE4 5N: &01 30-Dec-15 {No. DAE4-601_Dec15) Dec-16
Secondary Standards | e Chack Dats {in house) Schoduled Chack |
| AF generator &S SMT-06 | 100872 150115 [in house chock Jun-15) In house chack: Jun-18.
MNitwark Analyzer HP BY53E | USITID05E5 54206 18-Dct-01 {in howse check Oct-15) In hausa checkc Oct-16
Mame Function Signature
| Calibrased ty: Juton Kasiradi Labormiory Tﬂrti:n_ Lﬁl
3 - ~
| —
: o I,
Approved by: Kafja Pokovic Technical Managar P _‘{’ ‘ﬁv_
= —

This ealibraton certilicate shall nat be rproduced except in full without written approval of the labonatory,

Isswed” Febineary 11, 2016

Certificate Mo: DSGHzV2-1078_Feb16
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Calibration Laboratory of

. 5 Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accredited by Ine Swiss Accrediabion Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recegnition of calibration certificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |EEE 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 62209-2, “Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Paramelers 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.

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

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

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

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

Certificate No: DSGHzV2-1078_Feb16 Page 20l 13
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Measurement Conditions

DASY system configuration, as far as not given on page 1,

DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy = 4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz = 1 MHz
5600 MHz = 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and caleulations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 359 4.71 mho/m
Measured Head TSL parameters (22.0+0.2)°C 3B2x6% 4.55 mhovim £ 6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5250 MHz
SAR averaged over 1cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 7.71 Wikg

SAR for nominal Head TSL parameters

nommalized to 1W

76.7 Wikg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.23 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.1 Wikg £ 19.5 % (k=2)

Cenrtificate No: DSGHzV2-1078_Feb16
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Head TSL parameters at 5600 MHz

The following paramaters and calculations were applied.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 220°C a5 5.07 mho/m

Measured Head TSL parameters (22.0£0.2)°C MT7=6% 4.90 mho/m £ 6 %

Head TSL temperature change during test <05"C - -
SAR result with Head TSL at 5600 MHz

SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured 100 mW input power 811 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W B0.6 W/ kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.35 Wikg

SAR for nominal Head TSL parameters normalized to 1W 23.3 Wikg = 19.5 % (k=2)
Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 354 5.22 mha/m

Measured Head TSL parameters (22.020.2)°C 35 +6% 5.05 mho/m £ 6 %

Head TSL temperature change during test <05°C s e
SAR result with Head TSL at 5750 MHz

SAR averaged over 1 em” (1 g) of Head TSL Condition

SAR measured 100 mW input power 7.79 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W T7.4 Wikg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.24 Wikg

SAR for nominal Head TSL parameters normalized o 1W 22.2 Wikg = 19.5 % (k=2)
Cerificate No: DSGHzV2-1078_Feb16 Page 4 of 13
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 489 5.36 mho'm
Measured Body TSL parameters (22.0+0.2)°C 47.1+6% 5.46 mho'm 6 %
Body TSL temperature change during test <05°C —
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.42 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

73.7 Wikg + 19.9 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured 100 mW input power 210 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20.8 W/kg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.5 5.77 mho/im

Measured Body TSL parameters (22.0202)°C 464 + 6 % 5.94 mho/m = 6 %

Body TSL temperature change during test <05°C
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm” (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.84 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

78.8 Wikg £ 19.9 % (k=2)

SAR averaged over 10 em’ (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.25 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.3 Wikg = 19.5 % (k=2)

Cerificate Mo: DSGHzV2-1078_Feb16
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.3 5.94 mho/m

Measured Body TSL parameters (22.0+£0.2)*C 46.2 + 6% 6.15 mho/m £ 6 %

Boedy TSL temperature change during test <05°C
SAR result with Body TSL at 5750 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.58 Wikg

SAR for nominal Body TSL parameters normalized to 1W 75.2 Wikg = 19.9 % (k=2)

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

SAR measurad 100 mW input power 213 Whkg

SAR for nominal Body TSL parameters normalized to 1W 21.1 Wikg = 19.5 % (k=2)
Certificate No: DSGHzV2-1078_Feb16 Page 6 of 13
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 51.70-78|0 |
Return Loss -222d8B i
Antenna Parameters with Head TSL at 5600 MHz
Impedance, transformed to feed point 5690-59jQ
Retumn Loss -21.5dB
Antenna Parameters with Head TSL at 5750 MHz
Impedance, transformed to feed point 5580-13j[0
Return Loss -250dB
Antenna Parameters with Body TSL at 5250 MHz
Impedance, transformed to feed point §230-65|0
Return Loss =234 dB
Antenna Parameters with Body TSL at 5600 MHz
Impadance, transformed to feed point 5830 -34)0
Return Loss -21.6dB
Antenna Parameters with Body TSL at 5750 MHz
Impedance, ransformed to feed point 56.2 101+ 0.4 )0
Return Loss =24 6 dB
General Antenna Parameters and Design
I 1.192 ns

Electrical Delay (one direction)

After lang 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 affectad by this change. The overall dipole length is stil

according to the Standard.

Mo 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

September 26, 2008

Cerificate Mo: DSGHZV2-1078_Feb16
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DASYS5 Validation Report for Head TSL

Date: 04.02.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole DSGHzV2; Type: D5GHzV2; Serial: DSGHzV2 - SN:1078

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 4.55 S/m: ¢, = 35.2: p = 1000 kg!m" , Medium parameters
used: f=5600 MHz; 6 = 4.9 S/m; ¢, = 34.7; p = 1000 kg/m” , Medium parameters used: f = 5750 MHz; ¢ =
5.05 S/m; & = 34.5; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

o Probe: EX3DV4 - SN3503; ConvF(5.53, 5.53, 5.53); Calibrated: 31. 12.2015, ConvF(4.99, 4.99,
4.99); Calibrated: 31.12.2015, ConvF(4.95, 4.95, 4.95); Calibrated: 31.12.2015:

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

» Electronics: DAE4 Sn601; Calibrated: 30.12.2015

¢ Phantom: Flat Phantom 5.0 (front); Type: QDOOOP5S0AA; Serial: 1001
o DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.58 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 28.2 Wrkg

SAR(1 g) = 7.71 W/kg; SAR(10 g) = 2.23 W/kg

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

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 72.43 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31.4 W/kg

SAR(I g) = 8.11 W/kg; SAR(10 g) = 2.35 W/kg

Maximum value of SAR (measured) = 18.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.73 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.4 W/kg

SAR(1 g) =7.79 W/kg; SAR(10 g) = 2.24 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

Certificate No: D5GHzV2-1078_Feb16 Page 8 of 13
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-25.00

0dB =183 Wikg = 12,62 dBW/kg
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Impedance Measurement Plot for Head TSL

4 Feb 2016 13:22:93
EHI s11 iU FE D3LTIP e -TTESS o 390108 pf 9 299,000 MO0 HHz

CHL Mari sry

"
15
Hld
CHZ Si1 Lo& 3 dBS FEF -2 oB L=20.007 dB 8 290,000 000 nHz
D i - + - - - . a - n
= CHI Markers
Cor [ [ [ i i | i Zi= 21476 OB
— | | | | | | i | 60008 oHz
_‘_\_\_-'-—_ =t
= _.1: [ A=24.901 dB
“ ____..-;'— — 4 El W THO00 BHa
-t == T - r
P — -\-\-E' "
16 ' i
Hld
FTAET 5 000,00 0 M STOR & DoibiLindh OO0 iz
Certificale Mo: D5GHzV2-1078_Feb16 Page 100l 13

Page: 81 of 90



D DEKRA

Report No.: 1912082R-HP-US-P06V03

DASYS5 Validation Report for Body TSL

Date: 10.02.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1078

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.46 S/m; &, = 47.1; p = 1000 kg/m’ , Medium parameters
used: f= 5600 MHz; 6 =5.94 S/m; ¢, = 46.4; p=1000 kg.fm3 . Medium parameters used: f = 5750 MHz: 6 =
6.15 S/m; &, = 46.2; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-201 1)

DASY52 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(4.85, 4.85, 4.85); Calibrated: 31.12.2015, ConvF(4.35, 4.35,
4.35); Calibrated: 31.12.2015, ConvF(4.3, 4.3, 4.3); Calibrated: 31.12.2015:

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

e Electronics: DAE4 Sn601; Calibrated: 30.12.2015

¢ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA: Serial: 1002
o DASY52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.04 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 27.8 W/kg

SAR(1 g) = 7.42 W/kg; SAR(10 g) = 2.1 W/kg

Maximum value of SAR (measured) = 17.0 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 66.76 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 32.7 W/kg

SAR(1 g) = 7.94 W/kg; SAR(10 g) = 2.25 W/kg

Maximum value of SAR (measured) = 19.1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.46 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 7.58 W/kg; SAR(10 g) = 2.13 W/kg

Maximum value of SAR (measured) = 18.3 Wikg
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-24.66

-30.82

0dB = 17.0 Wikg = 12.30 dBW/kg
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Impedance Measurement Plot for Body TSL
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Appendix E. DAE Calibration Data

Schimid & Pariner Engineering AG L p a a q'

Zoughsussirasse 43, BI04 Zurich, Switzesdand
Phana +41 44 245 9700, Fax +17 44 245 5773
infolispaag.com, htpwww speag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4 !

The DAE unit s a delicata, high precision instrument and requires careful reatment by the wser, Thers are no
serviceable parls inside the DAE. Special attention shall be given to the following palnts:

Battery Exchange: The battery cover of the DAES unit is closed using a screw, over tightening the screw may
causa the threads inside the DAE (o wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, ramove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or coniainer which protects the
DAE frem impacts during transpartalion, The package shall be marked (o indicate that a fragile instrument is
insida.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead 1o damage of these magnets. Touch and eollision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.,

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
1he right to chame for any repair especially if rough unprofessional handing caused the defect.

DASY Configuration Flles: Since the exact values of the DAE input resistances, s measured during the
calibration prosedure of a DAE unit, are not used by the DASY software, a neminal value of 200 MOhm s given
in the corresponding configuratian file,

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

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowad 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 orlented 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 & Partner Enginaar'ng

TH_BRO4O315AD DAES doc 11.12.2009
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i K Schweizerischer Kalibrlerdianst
Schmid & Pariner *‘M fm"\ g Serviee sulsse diétalonnage
Engineering AG g Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland %@‘5 ) S swiss Caliteation Service
Aceradted by the Swiss Accreditation Secvice [SAS) Accreditation Mo.: SCS 0108

The Swiss Accreditation Sarvice is one of the signatories to the EA
Multiiataral Agreement for the recagnition of calibration cerlificates

cient  DEKRA-CN {Auden) ' Cedtificate Ho: DAE4-1220_Febi18
CALIBRATION CEHTIFICAIE

Objec! DAE4 - SD 000 D04 BM - SN: 1220

Calbralien procedureis) QA CAL-DB.v2E
Calibration procedurs for the data acquisition electronics (DAE)

Galibeafian data: February 16, 2018

Thig calbralion cerificata documanis the traceability 1 national standards, whizh realize tbe physical units of measurements =
The measurements and the uncerlsinties with confidence pratabilty are given on the foliowing pages and are part of the centificate.

All callbratians hava bean conducted in the closed labaratony faclity: environment lemperatura (22 + 3)°C and humidily < TO%.

Caflibration Equipmant usad (MATE erilical for colibragion)

Primary Standards o # Cal Dale [CerFicata Mo,) Sohedided Calbration

Kaithiay Multimetar Typa 2001 SNz d&10278 A1 Aug1T (Moi2108E) Aug-13

Secondary Standards o] Check Dade {in housa) Soheduled Chack

Auto DAE Calioraton Uril SE LIWS 053 A4 1001 Od-Jan-18 (in house chack) [n house check: Jar-19

Callbrator B V2.1 SE LIME 005 A& 1002 0d-Jan-18 {in house chack) In housa check: Jar-18
Hama Functian ) Signaluine

Caliarated by Dormiricue Staffan Labearatary Technician %—_

Approved by " Svan KiAn Daputy hﬁr&gﬁr f o

-

lssued: February 16, 2018

This calibraskon ceeificale shall nol be reproduced excapt In full wishoul witlen aapiaval af the bbaratony.

Caortificats Mo: DAE4-1220_Fah18 Pags 1of§
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Engineering z 2 Servizio svizzero di taratura
Zeughaussirasss 43, 8004 Zurich, Switzertand *&W Z/ S swiss Calibration Servics
Accredited by the Swiss Aoeraditation Sanvca (SAS)H Acereditation No.: SCS 0108

The Swiss Accreditation Service ks one of the signatories to the EA
Multilateral Agresment for the recognitian of calibration cortificates

Glossary

DAE data acquisition elactronics

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

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

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

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

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

» Common mode sensifivity: Influence of a positive or nagative common mode voltage on
the differential measurement.

*  Channel separation: Influence of a voltage on the neighbor ehannels not subject to an
input valtage.,

+«  AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

» Input Offset Measurement. Output voltage and statistical results over a large number of
zarg voltage measurements.

s Input Offset Current: Typical value for information; Maximum channel input offsst
current, not considaring the input resistance.

* Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zercing and during measurement,

» Low Baltery Alarm Volfage: 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.

Carlificate No: DAE4-1220_Febi8 Paga 2 of5
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DC Valtage Measurement
AD - Converter Rasolution nomingl

High Ramge: iL5E = BV, full range =  -100..,+200 my
Low Range: ILSE = g1V, fullranga = -1......+3mV
DASY ressurament parematers: Aute Zena Time: 3 sec; Measuring time: 3 sec
Calibration Factors X ¥ k4
High Range 405.183 £ 0.02% (k=2) | 404.901 £ D.02% (k=2) | 404.132 + 0.00% (k=2)
Low Range 397774 2 1.50% (k=2 | 388519 + 1.50% (k=2) | 388704 £ 1.50% (ke2)
Connector Angle
| Connector Angle o be used in DASY systam i 178.0% 1"
Carifisale Mo: DAE4-1220_Fab16 Pagadof &

Page: 88 of 90



Report No.: 1912082R-HP-US-P06V03

DEKRA

Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200034.43 0.20 0.00
Channel X + Input 2000879 1.37 0.01
Channel X - Input -20001.57 3.35 -0.02
Channel Y + Input 200031.32 -2.87 -0.00
Channel Y + Input 20006.26 0.93 0.00
Channel Y = Input -20005.47 -0.45 0.00
Channe! Z + Input 200033.78 -0.60 -0.00
Channel Z + Input 20005.34 0.05 0.00
Channel Z - Input -20005.69 -0.57 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.87 0.22 0.01
Channel X + Input 201.68 0.05 0.03
Channel X - Input -188.33 0.1 -0.05
Channel ¥ + Input 2001.15 -0.34 -0.02
Channel Y + Input 201.02 -0.46 -0.23
Channel Y = Input -189.38 -0.85 0.43
Channel Z + Input 2001.23 -0.28 -0.01
Channel Z + [Input 200.84 -0.64 -0.32
Channel Z = Input -199.92 -1.537 0.69
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 10.44 8.23
- 200 -7.03 -8.21
Channel Y 200 -8.37 -8.19
- 200 7.98 7.7
Channel Z 200 12.54 1217
- 200 -14.72 -14.67
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X {uV) | Channel Y (uV) Channel Z {uV)
Channel X 200 - 1.55 -4.00
Channel ¥ 200 7.74 2,39
Channel Z 200 9.99 5.68 -
Certificate No: DAE4-1220_Feb18 Page 4 of 5
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4. AD-Converter Values with inputs shorted

DASY measuramant paramaters: Auto Zero Time: 3 sec; Measuring fime: 3 sec

High Range (LSB) Low Range (LS2)
Channel X 15877 14370
Channel ¥ 16047 16451
Channel Z 15705 16147

5. Input Offzet Measurement
DASY measuremen! parameters: Auto Zero Time: 3 sec: Measuring time; 3 sac
Ingut 10MQ
Average (uV) | min. Offset (uV) | max. Offsetuy) | S “ﬁ::]'l"“““
Channel X o8z -0.09 208 0.38
Channel ¥ 0.34 -0.78 1.81 044
Channel Z -0.85 -2.668 .52 0.47
6. Input Offset Current
Mominal Imput circuitry offsst current on all channals: <2568
7. Input Resistance (Typical values for information)
Zaroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical valuss for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.8
Supply (- Veo) -7
9. Power Consumption (Typical values for information)

Typical values Switched off (mA} | Stand by (maA) Transmitting (mA)

Supply (+ Vee) +0.01 +6 +14

Supply (- Vec) =001 -8 B!
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