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1. General Information

1.1  Statement of Compliance

The maximum results of Specific Absorption Rate (SAR) found during testing for the EUT are as

follows:
Highest Reported
Equipment Body SAR 14
Class e (0 cm Gap)
(Wikg)
DTS 2.4G WLAN 0.39
Note:

1. This device is in compliance with Specific Absorption Rate (SAR) for general population/uncontrolled
exposure limits (1.6W/kg as averaged over any 1 gram of tissue; 10-gram SAR for Product Specific
10g SAR, limit: 4.0W/kg) specified in FCC 47 CFR part 2 (2.1093) and ANSI/IEEE C95.1-1992, and
had been tested in accordance with the measurement methods and procedures specified in IEEE

1528-2013 and FCC KDB publications.
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1.2 Equipment Under Test (EUT) Informatio

121

General Information

Equipment Name

Ultrasound Scanner

FCCID YOMVSCANEXTEND
Model Name Vscan Extend
Test Sample SN. VH1607384V

Legal Manufacturer

GE Vingmed Ultrasound A/S,

Address

Strandpromenaden 45, 3183 Horten, Norway

HW Version v16

SW Version v1.2.2

Wireless

Technology and WLAN 2.4GHz Band: 2412 MHz ~ 2462 MHz
Frequency Range

Antenna Type JFPC Internal Antenna

Antenna Gain

1.2dbi

EUT Stage JProduction Unit
1.2.2 Wireless Technologies

Mode WLAN 2.4GHz 802.11b/g/n HT20/HT40
Note:

1. The above EUT information is declared by manufacturer and for more detailed features description
please refers to the manufacturer's specifications or User's Manual.

1.2.3 List of Accessory
Model Name 5693456
Battery Power Rating 7.4Vdc, 1150mAh
Type Li-lon battery

1.3 Maximum Conducted Power

The maximum conducted average power (Unit: dBm) including tune-up tolerance is shown as below.

Mode 2.4G WLAN
802.11b 14.0
802.11g 12.5

802.11n HT20 12.0
802.11n HT40 115
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2. Test Sites
2.1 Test Facilities

Test Site TUV Rheinland (Shenzhen) Co., Ltd.

Test Address 1F East & 2-4F, Cybio Technology Building No.1, No.16 Langshan 2nd Road, High-Tech Industrial
JPark North Nanshan District, 518057, Shenzhen, China

A2LA Cert. No. 5162.01

FCC accredited

testing laboratory CN1260

ISED wireless device

testing laboratory 25069

2.2 List of Test and Measurement Instruments

Equipment Manufacturer Model SN Cal. Date cal.
Interval
System Validation Dipole SPEAG D2450V2 1014 Jun. 07, 2018 3 years
Dosimetric E-Field Probe SPEAG EX3DV4 7506 Jun. 27, 2019 1 year
Data Acquisition Electronics SPEAG DAE4 1557 Jun. 18, 2019 1 year
Signal Analyzer R&S FSv7 103665 Aug. 23, 2019 1 year
Vector Network Analyzer R&S ZNB 8 107040 Aug. 23, 2019 1 year
Dielectric assessment Kit SPEAG DAK-3.5 1269 Jun. 19, 2019 1 year
Signal Generator R&S SMB 100A 180840 Aug. 23, 2019 1 year
EPM Series Power Meter Keysight N1914A MY58240005 | Dec. 20, 2018 2 years
Power Sensor Keysight N8481H MY58250002 | Dec. 20, 2018 1 year
Power Sensor Keysight N8481H MY58250006 | Dec. 20, 2018 1 year
DC Power Supply Topward 3303D 809332 Dec. 20, 2018 1 year
Coaxial Directional Couper Keysight 773D MY52180552 | Dec. 20, 2018 1 year
Coaxial Directional Couper shhuaxiang DTO-0.4/3.9-10 18052101 Dec. 20, 2018 1 year
Coaxial attenuator Keysight 8491A MY52463219 | Dec. 20, 2018 1 year
Coaxial attenuator Keysight 8491A MY52463210 | Dec. 20, 2018 1 year
Coaxial attenuator Keysight 8491A MY52463222 | Dec. 20, 2018 1 year
Digital Thermometer LKM DTM3000 3116 Dec. 20, 2018 1 year

Power Amplifier Mini circuit mini-circuits ZHL-42W SN002101809 N/A N/A

PHANTOM SPEAG ELI V8.0 2094 N/A N/A
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3. Measurement Uncertainty

The component of uncertainly may generally be categorized according to the methods used to evaluate
them. The evaluation of uncertainly by the statistical analysis of a series of observations is termed a
Type An evaluation of uncertainty. The evaluation of uncertainty by means other than the statistical
analysis of a series of observation is termed a Type B evaluation of uncertainty. Each component of
uncertainty, however evaluated, is represented by an estimated standard deviation, termed standard
uncertainty, which is determined by the positive square root of the estimated variance.

A Type A evaluation of standard uncertainty may be based on any valid statistical method for treating
data. This includes calculating the standard deviation of the mean of a series of independent
observations; using the method of least squares to fit a curve to the data in order to estimate the
parameter of the curve and their standard deviations; or carrying out an analysis of variance in order to
identify and quantify random effects in certain kinds of measurement.

A type B evaluation of standard uncertainty is typically based on scientific judgment using all of the
relevant information available. These may include previous measurement data, experience, and
knowledge of the behavior and properties of relevant materials and instruments, manufacture’s
specification, data provided in calibration reports and uncertainties assigned to reference data taken
from handbooks. Broadly speaking, the uncertainty is either obtained from an outdoor source or
obtained from an assumed distribution, such as the normal distribution, rectangular or triangular
distributions indicated in table below.

Uncertainty Distributions Normal Rectangular Triangular U-Shape
Multi-plying Factor(a) 1/k(b) 1/v3 1/v6 1/v2

(a) standard uncertainty is determined as the product of the multiplying factor and the
estimated range of variations in the measured quantity
(b) kis the coverage factor

Standard Uncertainty for Assumed Distribution

The combined standard uncertainty of the measurement result represents the estimated standard
deviation of the result. It is obtained by combining the individual standard uncertainties of both Type A
and Type B evaluation using the usual “root-sum-squares” (RSS) methods of combining standard
deviations by taking the positive square root of the estimated variances.

Expanded uncertainty is a measure of uncertainty that defines an interval about the measurement result
within which the measured value is confidently believed to lie. It is obtained by multiplying the combined
standard uncertainty by a coverage factor. Typically, the coverage factor ranges from 2 to 3. Using a
coverage factor allows the true value of a measured quantity to be specified with a defined probability
within the specified uncertainty range. For purpose of this document, a coverage factor two is used,
which corresponds to confidence interval of about 95 %. The DASY uncertainty Budget is shown in the
following tables.
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» X . Standard Standard .
Source of Uncertainty Tolerance P-rot?abl!lty Divisor c c Uncertainty Uncertainty Vi
(* %) Distribution (19) (109) Veff
(19) (109)
Measurement System
Probe Calibration 6 Normal 1 1 1 +6.0% +6.0% ©
Axial Isotropy 4.7 Rectangular \3 0.7 0.7 +1.9% +1.9% 0
Hemispherical Isotropy 9.6 Rectangular \3 0.7 0.7 +3.9% +3.9% 0
Boundary Effects 1 Rectangular \3 1 1 +0.6% +0.6% 0
Linearity 4.7 Rectangular \3 1 1 +2.7% +2.7% 0
Detection Limits 0.25 Rectangular \3 1 1 +0.1% +0.1% 0
Modulation Response 2.4 Rectangular \3 1 1 +1.4% +1.4% 0
Readout Electronics 0.3 Normal 1 1 1 +0.3% +0.3% ©
Response Time 0.8 Rectangular \3 1 1 +0.5% +0.5% 0
Integration Time 17 Rectangular \3 1 1 +1.0% +1.0% 0
RF Ambient — Noise 3 Rectangular \3 1 1 +1.7% +1.7% 0
RF Ambient — Reflections 3 Rectangular \3 1 1 +1.7% +1.7% 0
Probe Positioner 0.02 Rectangular \3 1 1 +0.0% +0.0% 0
Probe Positioning 0.4 Rectangular \3 1 1 +0.2% +0.2% 0
Max. SAR Evaluation 2 Rectangular V3 1 1 +1.2% +1.2% 0
Test Sample Related
Device Positioning 22/26 Normal 1 1 1 +2.2% +2.6% 30
Device Holder 3.3/28 Normal 1 1 1 +3.3% +2.8% 30
Power Drift 5 Rectangular V3 1 1 +2.9% +2.9% 0
Power Scaling 0 Rectangular V3 1 1 +0.0% +0.0% 0
Phantom and Setup
Phantom Uncertainty 7.2 Rectangular \3 1 1 +4.2% +4.2% 0
SAR correction 1.2/0.97 Rectangular \3 1 0.84 +1.2% +0.8% 0
LiquidConductivity (Meas.) 2.5 Normal 1 0.78 0.71 +2.0% +1.8% 0
Liquid Permittivity (Meas.) 25 Normal 1 0.23 0.26 +0.6% +0.7% o
Temp. unc. - Conductivity 34 Rectangular V3 0.78 0.71 +1.5% +1.4% o
Temp. unc. - Permittivity 0.4 Rectangular \3 0.23 0.26 +0.1% +0.1% 0
Combined Standard Uncertainty (K = 1) +12.0% +11.9%
Expanded Uncertainty (K = 2) +24.0% +23.7%

Uncertainty budget for frequency range 300 MHz to 3 GHz
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» . . Standard Standard .
Source of Uncertainty Tolerance P.rol?abl!lty Divisor ci ci Uncertainty Uncertainty Vi
(= %) Distribution (19) (10g) Veff
(19) (109)
Measurement System
Probe Calibration 6.55 Normal 1 1 1 +6.55 % +6.55 % ©
Axial Isotropy 4.7 Rectangular \3 0.7 0.7 +1.9% +1.9% 0
Hemispherical Isotropy 9.6 Rectangular \3 0.7 0.7 +3.9% +3.9% 0
Boundary Effects 2 Rectangular V3 1 1 +1.2% +1.2% 0
Linearity 4.7 Rectangular V3 1 1 2.7% +2.7% o
Detection Limits 0.25 Rectangular V3 1 1 +0.1% +0.1% o
Modulation Response 24 Rectangular \3 1 1 +1.4% +1.4% 0
Readout Electronics 0.3 Normal 1 1 1 +0.3% +0.3% ©
Response Time 0.8 Rectangular \3 1 1 +0.0% +0.0% 0
Integration Time 1.7 Rectangular V3 1 1 +1.0% +1.0% 0
RF Ambient — Noise 3 Rectangular V3 1 1 +1.7% +1.7% o
RF Ambient — Reflections 3 Rectangular V3 1 1 +1.7% +1.7% o
Probe Positioner 0.02 Rectangular \3 1 1 +0.2% +0.2% 0
Probe Positioning 0.4 Rectangular \3 1 1 +3.9% +3.9% 0
Max. SAR Evaluation 4 Rectangular \3 1 1 +2.3% +2.3% 0
Test Sample Related
Device Positioning 22126 Normal 1 1 1 +2.2% +2.6% 30
Device Holder 3.3/28 Normal 1 1 1 +3.3% +2.8% 30
Power Drift 5 Rectangular V3 1 1 +2.9% +2.9% o
Power Scaling 0 Rectangular V3 1 1 +0.0% +0.0% o
Phantom and Setup
Phantom Uncertainty 7.6 Rectangular V3 1 1 +4.4% +4.4% ©
SAR correction 1.2/0.97 Rectangular V3 1 0.84 +1.2% +0.8% 0
Liquid Conductivity (Meas.) 25 Normal 1 0.78 0.71 +2.0% +1.8% o
Liquid Permittivity (Meas.) 25 Normal 1 0.23 0.26 +0.6% +0.7% 0
Temp. unc. - Conductivity 3.4 Rectangular \3 0.78 0.71 +1.5% +1.4% 0
Temp. unc. - Permittivity 0.4 Rectangular \3 0.23 0.26 +0.1% +0.1% 0
Combined Standard Uncertainty (K = 1) +13.1% +13.0%
Expanded Uncertainty (K = 2) +26.3% +26.0%
Uncertainty budget for frequency range 3GHzto 6 G Hz
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4. Test Specification, Methods and Procedures

The tests documented in this report were performed in accordance with FCC 47 CFR § 2.1093, IEEE
STD 1528 - 2013, the following FCC Published RF exposure KDB procedures & manufacturer KDB
inquiries:

- KDB 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04
- KDB 865664 D02 RF Exposure Reporting v01r02

KDB 248227 D01 802 11 Wi-Fi SAR v02r02
+ KDB 447498 D01 General RF Exposure Guidance v06

5. RF Exposure Limits
51 Uncontrolled Environment

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

52 Controlled Environment

Controlled Environments are defined as locations where there is exposure that may be incurred by
persons who are aware of the potential for exposure, (i.e. as a result of employment or occupation). In
general, occupational/controlled exposure limits are applicable to situations in which persons are
exposed as a consequence of their employment, who have been made fully aware of the potential for
exposure and can exercise control over their exposure. The exposure category is also applicable when
the exposure is of a transient nature due to incidental passage through a location where the exposure
levels may be higher than the general population/uncontrolled limits, but the exposed person is fully
aware of the potential for exposure and can exercise control over his or her exposure by leaving the
area or by some other appropriate means.
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Limits for Occupational/Controlled Exposure (W/kg)

Whole-Body Partial-Body Hands, Wrists, Feet and Ankles
0.4 8.0 20.0

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

Whole-Body Partial-Body Hands, Wrists, Feet and Ankles
0.08 1.6 4.0

Whole-Body SAR is averaged over the entire body, partial-body SAR is averaged over any 1gram of
tissue defined as a tissue volume in the shape of a cube. SAR for hands, wrists, feet and ankles is
averaged over any 10 grams of tissue defined as a tissue volume in the shape of a cube.

6. SAR Measurement System
6.1 Definition of Specific Absorption Rate (SAR)

SAR is related to the rate at which energy is absorbed per unit mass in an object exposed to a radio
field. The SAR distribution in a biological body is complicated and is usually carried out by experimental
techniques or numerical modeling. The standard recommends limits for two tiers of groups,
occupational/controlled and general population/uncontrolled, based on a person’s awareness and ability
to exercise control over his or her exposure. In general, occupational/controlled exposure limits are
higher than the limits for general population/uncontrolled.

The SAR definition is the time derivative (rate) of the incremental energy (dW) absorbed by (dissipated
in) an incremental mass (dm) contained in a volume element (dv) of a given density (p). The equation
description is as below:
d (dW d /dW
AR = 5 (m) = at (pa)
SAR is expressed in units of Watts per kilogram (W/kg)
SAR measurement can be related to the electrical field in the tissue by

o|E[?
SAR =

Where: o is the conductivity of the tissue, p is the mass density of the tissue and E is the RMS electrical
field strength.
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6.2 SPEAG DASY System

DASY system consists of high precision robot, probe alignment sensor, phantom, robot controller,
controlled measurement server and near-field probe. The robot includes six axes that can move to the
precision position of the DASY5 software defined. The DASY software can define the area that is
detected by the probe. The robot is connected to controlled box. Controlled measurement server is
connected to the controlled robot box. The DAE includes amplifier, signal multiplexing, AD converter,
offset measurement and surface detection. It is connected to the Electro-optical coupler (ECO). The
ECO performs the conversion form the optical into digital electric signal of the DAE and transfers data
to the PC.

Remote Control Box PC

O [ 1
—————1
O V= =4,
Signal Lamps Electra-Optical Canverter (EOC)
SR
DAE
(Opt. Link)
Measurement Server
E-field Probe
Light Beam
2x Serial +
Digital /O
, —- Phantom
|| Tissue Simulating
Liguid
Teach Pendant [ Device Under Test
[ — Robot Controller
Desice Holder
O
L 1]

DASY System Setup
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6.2.1 Robot

The DASY system uses the high precision robots from Staubli SA (France). For the 6-axis controller
system, the robot controller version (DASY5: CS8c) from Staubli is used. The Staubli robot series have

many features that are important for our application:
+ High precision (repeatability +0.035 mm)

+ High reliability (industrial design)

« Jerk-free straight movements

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

6.2.2 Probes

The SAR measurement is conducted with the dosimetric probe. 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.

Model

EX3DV4

Symmetrical design with triangular core. Built-in shielding

Construction against static charges. PEEK enclosure material (resistant to
organic solvents, e.g., DGBE).
E 10 MHz to 6 GHz
q Y Linearity: + 0.2 dB
Directivity + 0.3 dB in HSL (rotation around probe axis)

+ 0.5 dB in tissue material (rotation normal to probe axis)

Dynamic Range

10 pW/g to 100 mwW/g
Linearity: + 0.2 dB (noise: typically < 1 uW/g)

Dimensions

Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole centers: 1 mm

r
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6.2.3 Data Acquisition Electronics (DAE)

Model DAE4
Signal amplifier, multiplexer, A/D converter and control logic.
Construction Serial optical link for communication with DASY embedded
system (fully remote controlled). Two step probe touch detector
for mechanical surface detection and emergency robot stop.
Measurement -100 to +300 mV (16 bit resolution and two range settings: 4mV,
Range 400mV)
{rlflt]; ;effset < 5uV (with auto zero)
Input Bias Current <50 fA
Dimen sions 60 x 60 x 68 mm

6.2.4 Phantoms

Model

Twin SAM

Construction

The shell corresponds to the specifications of the Specific
Anthropomorphic Mannequin (SAM) phantom defined in IEEE
1528 and IEC 62209-1. It enables the dosimetric evaluation of
left and right hand phone usage as well as body mounted usage
at the flat phantom region. A cover prevents evaporation of the
liquid. Reference markings on the phantom allow the complete
setup of all predefined phantom positions and measurement
grids by teaching three points with the robot.

Material

Vinylester, glass fiber reinforced (VE-GF)

Shell Thickness

2+0.2mm (6 +£0.2 mm at ear point)

Dimensions

Length: 1000 mm
Width: 500 mm
Height: adjustable feet

Filling Volume

approx. 25 liters

Model

ELI

Construction

Phantom for compliance testing of handheld and body-mounted
wireless devices in the frequency range of 30 MHz to 6 GHz. ELI
is fully compatible with the IEC 62209-2 standard and all known
tissue simulating liquids. ELI has been optimized regarding its
performance and can be integrated into our standard phantom
tables. A cover prevents evaporation of the liquid. Reference
markings on the phantom allow installation of the complete
setup, including all predefined phantom positions and
measurement grids, by teaching three points. The phantom is
compatible with all SPEAG dosimetric probes and dipoles.

Material

Vinylester, glass fiber reinforced (VE-GF)

Shell Thickness

2.0 £ 0.2 mm (bottom plate)

Dimensions

Major axis: 600 mm
Minor axis: 400 mm

Filling Volume

approx. 30 liters
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6.2.5 Device Holder

Model

Mounting Device

Construction

In combination with the Twin SAM Phantom or ELI4, the
Mounting Device enables the rotation of the mounted transmitter
device in spherical coordinates. Rotation point is the ear opening
point. Transmitter devices can be easily and accurately
positioned according to IEC, IEEE, FCC or other specifications.
The device holder can be locked for positioning at different
phantom sections (left head, right head, flat).

Material

POM

Model

Laptop Extensions Kit

Construction

Simple but effective and easy-to-use extension for Mounting
Device that facilitates the testing of larger devices according to
IEC 62209-2 (e.g., laptops, cameras, etc.). It is lightweight and
fits easily on the upper part of the Mounting Device in place of
the phone positioner.

Material

POM, Acrylic glass, Foam

6.2.6 System Validation Dipoles

Model D-Serial
Symmetrical dipole with 1/4 balun. Enables measurement of feed
Construction point impedance with NWA. Matched for use near flat phantoms
filled with tissue simulating solutions.
Frequency 750 MHz to 5800 MHz

Return Loss

> 20 dB

Power Capability

> 100 W (f < 1GHz), > 40 W (f > 1GHz)
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6.2.7 Tissue Simulating Liquids

For SAR measurement of the field distribution inside the phantom, the phantom must be filled with
homogeneous tissue simulating liquid to a depth of at least 15 cm. For head SAR testing, the liquid
height from the ear reference point (ERP) of the phantom to the liquid top surface is larger than 15 cm.
For body SAR testing, the liquid height from the center of the flat phantom to the liquid top surface is
larger than 15 cm. The nominal dielectric values of the tissue simulating liquids in the phantom and the
tolerance of 5% are listed.

Photo of Liquid Height for Head Position Photo of Liquid Height for Body Position

The dielectric properties of the head tissue simulating liquids are defined in IEEE 1528, and KDB
865664 D01 Appendix A. For the body tissue simulating liquids, the dielectric properties are defined in
KDB 865664 D01 Appendix A. The dielectric properties of the tissue simulating liquids were verified
prior to the SAR evaluation using a dielectric assessment kit and a network analyzer.
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Targets of Tissue Simulating Liquid
Frequ ency Target Range of Target Range of
(MHz) Permittivity +5% Conductivity +5%
For Head
750 41.9 39.8 ~44.0 0.89 0.85 ~ 0.93
835 415 39.4 ~43.6 0.90 0.86 ~0.95
900 41.5 39.4 ~43.6 0.97 0.92 ~1.02
1450 40.5 38.5~42.5 1.20 1.14~1.26
1640 40.3 38.3~42.3 1.29 1.23~1.35
1750 40.1 38.1~42.1 1.37 1.30~1.44
1800 40.0 38.0 ~42.0 1.40 1.33~147
1900 40.0 38.0 ~42.0 1.40 1.33~147
2000 40.0 38.0 ~42.0 1.40 1.33~1.47
2300 39.5 37.5~415 1.67 1.59~1.75
2450 39.2 37.2~41.2 1.80 1.71 ~1.89
2600 39.0 37.1~41.0 1.96 1.86 ~2.06
3500 37.9 36.0 ~39.8 2.91 2.76 ~ 3.06
5200 36.0 34.2~37.8 4.66 4.43 ~4.89
5300 35.9 34.1 ~37.7 4.76 4.52 ~5.00
5500 35.6 33.8~374 4.96 471 ~5.21
5600 35.5 33.7~37.3 5.07 4.82 ~5.32
5800 35.3 33.5~37.1 5.27 5.01 ~5.53
For Body

750 55.5 52.7 ~58.3 0.96 0.91~1.01
835 55.2 52.4 ~58.0 0.97 0.92 ~1.02
900 55.0 52.3~57.8 1.05 1.00 ~1.10
1450 54.0 51.3 ~56.7 1.30 1.24 ~1.37
1640 53.8 51.1 ~56.5 1.40 1.33 ~1.47
1750 53.4 50.7 ~ 56.1 1.49 1.42 ~1.56
1800 53.3 50.6 ~ 56.0 1.52 1.44 ~1.60
1900 53.3 50.6 ~ 56.0 1.52 144 ~1.60
2000 53.3 50.6 ~ 56.0 1.52 1.44 ~1.60
2300 52.9 50.3 ~55.5 1.81 1.72~1.90
2450 52.7 50.1 ~55.3 1.95 1.85~2.05
2600 52.5 49.9 ~55.1 2.16 2.05 ~2.27
3500 51.3 48.7 ~53.9 3.31 3.14 ~3.48
5200 49.0 46.6 ~51.5 5.30 5.04 ~5.57
5300 48.9 46.5 ~51.3 5.42 5.15 ~ 5.69
5500 48.6 46.2 ~51.0 5.65 5.37 ~5.93
5600 48.5 46.1 ~50.9 5.77 5.48 ~ 6.06
5800 48.2 45.8 ~50.6 6.00 5.70 ~ 6.30
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The following table gives the recipes for tissue simulating liquids.

Recipes of Tissue Simulating Liquid

Diethylene
T_:_s;/sbuee BaCtir'C'd DGBE HEC NaCl Sucrose -)r(”i%% Water ag'ggl_
hexylether

H750 0.2 - 0.2 1.5 56.0 - 42.1 -
H835 0.2 - 0.2 1.5 57.0 - 41.1 -
H900 0.2 - 0.2 1.4 58.0 - 40.2 -
H1450 - 43.3 - 0.6 - - 56.1 -
H1640 - 45.8 - 0.5 - - 53.7 -
H1750 - 47.0 - 0.4 - - 52.6 -
H1800 - 445 - 0.3 - - 55.2 -
H1900 - 445 - 0.2 - - 55.3 -
H2000 - 445 - 0.1 - - 55.4 -
H2300 - 44.9 - 0.1 - - 55.0 -
H2450 - 45.0 - 0.1 - - 54.9 -
H2600 - 45,1 - 0.1 - - 54.8 -
H3500 - 8.0 - 0.2 - 20.0 71.8 -
H5G - - - - - 17.2 65.5 17.3
B750 0.2 - 0.2 0.8 48.8 - 50.0 -
B835 0.2 - 0.2 0.9 48.5 - 50.2 -
B900 0.2 - 0.2 0.9 48.2 - 50.5 -
B1450 - 34.0 - 0.3 - - 65.7 -
B1640 - 325 - 0.3 - - 67.2 -
B1750 - 31.0 - 0.2 - - 68.8 -
B1800 - 29.5 - 0.4 - - 70.1 -
B1900 - 29.5 - 0.3 - - 70.2 -
B2000 - 30.0 - 0.2 - - 69.8 -
B2300 - 31.0 - 0.1 - - 68.9 -
B2450 - 31.4 - 0.1 - - 68.5 -
B2600 - 31.8 - 0.1 - - 68.1 -
B3500 - 28.8 - 0.1 - - 71.1 -
B5G - - - - - 10.7 78.6 10.7
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6.2.8 SAR System Verification

The system check verifies that the system operates within its specifications. It is performed daily or
before every SAR measurement. The system check uses normal SAR measurements in the flat section
of the phantom with a matched dipole at a specified distance. The system verification setup is shown as

below.
z ‘ y
DE

3D Probe positioner

ield probe
| Fiat Phantom

Tuning
element

Spacer

Signal L
Generator || P

System Verification Setup

The validation dipole is placed beneath the flat phantom with the specific spacer in place. The distance
spacer is touch the phantom surface with a light pressure at the reference marking and be oriented
parallel to the long side of the phantom. The spectrum analyzer measures the forward power at the
location of the system check dipole connector. The signal generator is adjusted for the desired forward
power (250 mW is used for 700 MHz to 3 GHz, 100 mW is used for 3.5 GHz to 6 GHz) at the dipole
connector and the power meter is read at that level. After connecting the cable to the dipole, the signal
generator is readjusted for the same reading at power meter.

After system check testing, the SAR result will be normalized to 1W forward input power and compared
with the reference SAR value derived from validation dipole certificate report. The deviation of system
check should be within 10 %.




Produkte A TUVRheinland®

Products
Prufbericht - Nr.: 50317821 001 Seite 20 von 28
Test Report No. Page 20 of 28

7. SAR Measurement Procedure

According to the SAR test standard, the recommended procedure for assessing the peak spatial-
average SAR value consists of the following steps:

(a) Power reference measurement

(b) Area scan

(c) Zoom scan

(d) Power drift measurement

The SAR measurement procedures for each of test conditions are as follows:
(&) Make EUT to transmit maximum output power

(b) Measure conducted output power through RF cable

(c) Place the EUT in the specific position of phantom

(d) Perform SAR testing steps on the DASY system

(e) Record the SAR value

7.1 Area & Zoom Scan Procedure

First Area Scan is used to locate the approximate location(s) of the local peak SAR value(s). The
measurement grid within an Area Scan is defined by the grid extent, grid step size and grid offset. Next,
in order to determine the EM field distribution in a three-dimensional spatial extension, Zoom Scan is
required. The Zoom Scan is performed around the highest E-field value to determine the averaged
SAR-distribution over 10 g. According to KDB 865664 D01, the resolution for Area and Zoom scan is
specified in the table below.

Items <=2 GHz 2-3 GHz 3-4 GHz 4-5 GHz 5-6 GHz
Area Scan <= 15 mm <=12 mm <=12 mm <=10 mm <=10 mm
(&x, Ay)
Zoom Scan <=8mm <=5mm <=5mm <=4 mm <=4 mm
(Ax, Ay)
Zoo(n&zs)can <=5mm <=5mm <=4 mm <=3 mm <=2mm
Zoom Scan _ — - = =
Volume >=30 mm >=30 mm >=28 mm >= 25 mm >=22mm

Note:
When zoom scan is required and report SAR is <= 1.4 W/kg, the zoom scan resolution of Ax / Ay (2-
3GHz: <=8 mm, 3-4GHz: <= 7 mm, 4-6GHz: <=5 mm) may be applied.

7.2 Volume Scan Procedure

The volume scan is used for assess overlapping SAR distributions for antennas transmitting in different
frequency bands. It is equivalent to an oversized zoom scan used in standalone measurements. The
measurement volume will be used to enclose all the simultaneous transmitting antennas. For antennas
transmitting simultaneously in different frequency bands, the volume scan is measured separately in
each frequency band. In order to sum correctly to compute the 1g aggregate SAR, the EUT remain in
the same test position for all measurements and all volume scan use the same spatial resolution and
grid spacing. When all volume scan were completed, the software, SEMCAD postprocessor can
combine and subsequently superpose these measurement data to calculating the multiband SAR.
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7.3  Power Drift Monitoring

All SAR testing is under the EUT install full charged battery and transmit maximum output power. In
DASY measurement software, the power reference measurement and power drift measurement
procedures are used for monitoring the power drift of EUT during SAR test. Both these procedures
measure the field at a specified reference position before and after the SAR testing. The software will
calculate the field difference in dB. If the power drift more than 5%, the SAR will be retested.

7.4  Spatial Peak SAR Evaluation

The procedure for spatial peak SAR evaluation has been implemented according to the test standard. It
can be conducted for 1g and 10g, as well as for user-specific masses. The DASY software includes all
numerical procedures necessary to evaluate the spatial peak SAR value.

The base for the evaluation is a "cube" measurement. The measured volume must include the 1g and
10g cubes with the highest averaged SAR values. For that purpose, the center of the measured volume
is aligned to the interpolated peak SAR value of a previously performed area scan.

The entire evaluation of the spatial peak values is performed within the post-processing engine
(SEMCAD). The system always gives the maximum values for the 1g and 10g cubes. The algorithm to
find the cube with highest averaged SAR is divided into the following stages:

(a) Extraction of the measured data (grid and values) from the Zoom Scan

(b) Calculation of the SAR value at every measurement point based on all stored data (A/D values and
measurement parameters)

(c) Generation of a high-resolution mesh within the measured volume

(d) Interpolation of all measured values form the measurement grid to the high-resolution grid

(e) Extrapolation of the entire 3-D field distribution to the phantom surface over the distance from
sensor to surface

(f) Calculation of the averaged SAR within masses of 1g and 10g

7.5  SAR Averaged Methods

In DASY, the interpolation and extrapolation are both based on the modified Quadratic Shepard’s
method. The interpolation scheme combines a least-square fitted function method and a weighted
average method which are the two basic types of computational interpolation and approximation.

Extrapolation routines are used to obtain SAR values between the lowest measurement points and the
inner phantom surface. The extrapolation distance is determined by the surface detection distance and
the probe sensor offset. The uncertainty increases with the extrapolation distance. To keep the
uncertainty within 1% for the 1 g and 10 g cubes, the extrapolation distance should not be larger than 5
mm.
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8. SAR Measurement Evaluation
8.1  EUT Configuration and Setting

<Considerations Related to WLAN for Setup and Testi  ng>

In general, various vendor specific external test software and chipset based internal test modes are
typically used for SAR measurement. These chipset based test mode utilities are generally hardware
and manufacturer dependent, and often include substantial flexibility to reconfigure or reprogram a
device. A Wi-Fi device must be configured to transmit continuously at the required data rate, channel
bandwidth and signal modulation, using the highest transmission duty factor supported by the test mode
tools for SAR measurement. The test frequencies established using test mode must correspond to the
actual channel frequencies. When 802.11 frame gaps are accounted for in the transmission, a
maximum transmission duty factor of 92 - 96% is typically achievable in most test mode configurations.
A minimum transmission duty factor of 85% is required to avoid certain hardware and device
implementation issues related to wide range SAR scaling. In addition, a periodic transmission duty
factor is required for current generation SAR systems to measure SAR correctly. The reported SAR
must be scaled to 100% transmission duty factor to determine compliance at the maximum tune-up
tolerance limit.

According to KDB 248227 D01, this device has installed WLAN engineering testing software which can
provide continuous transmitting RF signal. During WLAN SAR testing, this device was operated to
transmit continuously at the maximum transmission duty with specified transmission mode, operating
frequency, lowest data rate, and maximum output power.

Initial Test Configuration

An initial test configuration is determined for OFDM transmission modes in 2.4 GHz and 5 GHz bands
according to the channel bandwidth, modulation and data rate combination(s) with the highest
maximum output power specified for production units in each standalone and aggregated frequency
band. When the same maximum power is specified for multiple transmission modes in a frequency
band, the largest channel bandwidth, lowest order modulation, lowest data rate and lowest order
802.11a/g/n/ac mode is used for SAR measurement, on the highest measured output power channel in
the initial test configuration, for each frequency band.

Subsequent Test Configuration

SAR measurement requirements for the remaining 802.11 transmission mode configurations that have
not been tested in the initial test configuration are determined separately for each standalone and
aggregated frequency band, in each exposure condition, according to the maximum output power
specified for production units. Additional power measurements may be required to determine if SAR
measurements are required for subsequent highest output power channels in a subsequent test
configuration. When the highest reported SAR for the initial test configuration according to the initial test
position or fixed exposure position requirements, is adjusted by the ratio of the subsequent test
configuration to initial test configuration specified maximum output power and the adjusted SAR is < 1.2
W/kg, SAR is not required for that subsequent test configuration.
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SAR Test Configuration and Channel Selection

When multiple channel bandwidth configurations in a frequency band have the same specified
maximum output power, the initial test configuration is using largest channel bandwidth, lowest order
modulation, lowest data rate, and lowest order 802.11 mode (i.e., 802.11a is chosen over 802.11n then
802.11ac or 802.11g is chosen over 802.11n). After an initial test configuration is determined, if multiple
test channels have the same measured maximum output power, the channel chosen for SAR
measurement is determined according to the following.

1) The channel closest to mid-band frequency is selected for SAR measurement.

2) For channels with equal separation from mid-band frequency; for example, high and low channels or
two mid-band channels, the higher frequency (number) channel is selected for SAR measurement.

8.2  EUT Testing Position
8.2.1 Body Exposure Conditions

For this device, a test separation distance of 0 mm is required between the phantom and all surfaces
and edges with a transmitting antenna located within 25 mm from that surface or edge.

Based on the antenna location shown on appendix D of this report, the SAR testing required for Body
mode is listed as below.

Page 23 of 28
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8.3 Tissue Verification

The measuring results for tissue simulating liquid are shown as below.

Test Ti E Measured Measured Target Target Conductivity Permittivity
D:e _lrssuee re(t:/lu:;)cy Conductivity Permittivity Conductivity Permittivity Deviation Deviation
* ©) (&) ©) (€) %) %)
Nov. 22. 2019 B2450 2450 1.949 51.779 1.95 52.70 -0.05 -1.75
Note:

The dielectric properties of the tissue simulating liquid must be measured within 24 hours before the
SAR testing and within +5% of the target values. Liquid temperature during the SAR testing must be

within £2 °C.

8.4  System Validation

The SAR measurement system was validated according to procedures in KDB 865664 DO1. The
validation status in tabulated summary is as below.

L Measured Measured Validation for CW Validation for Modulation
Test Probe Calibration Conductivi Permittivi Sensitivit Probe Probe Modulation
onductivi ermittive
Date SIN Point ty o y . . Duty Factor PAR
(0) () Range Linearity Isotropy Type
Nov. 22. 2019| 7506 | Body | 2450 | 1.949 | 51.779 Pass Pass Pass OFDM N/A Pass

8.5  System Verification

The measuring result for system verification is tabulated as below.

1W Target Measured Normalized
Test Mode Frequency SAR-1g SAR-1g to 1W Deviation Dipole Probe DAE
Date (MHz) kg) (Wikg) SAR-1g (%) SIN SIN SIN
(Wikg g (Wlkg_)
Nov. 22. 2019 Body 2450 50.50 13.50 54.00 6.93 1014 7506 1557
Note:

Comparing to the reference SAR value provided by SPEAG, the validation data should be within its
specification of 10 %. The result indicates the system check can meet the variation criterion and the

plots can be referred to Appendix A of this report.
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9. Maximum Output Power

9.1 Measured Conducted Power Result

All Rate have been tested, the Worst average power (Unit: dBm) is shown as below.

<WLAN 2.4G>
Mode 802.11b (1Mbps)
Channel / Frequency (MHz) 1(2412) 6 (2437) 11 (2462)
Average Power 12.19 12.32 12.24
Mode 802.11g (6Mbps)
Channel / Frequency (MHz) 1(2412) 6 (2437) 11 (2462)
Average Power 10.89 11.35 10.96
Mode 802.11n (HT20) (MCSO0)
Channel / Frequency (MHz) 1(2412) 6 (2437) 11 (2462)
Average Power 10.88 11.28 10.97
Mode 802.11n (HT40) (MCSO0)
Channel / Frequency (MHz) 3 (2422) 9 (2452)
Average Power 10.02 9.98

9.2  SAR Testing Results

9.2.1 SAR Test Reduction Considerations

<KDB 447498 D01, General RF Exposure Guidance>
Testing of other required channels within the operating mode of a frequency band is not required when
the reported SAR for the mid-band or highest output power channel is:
(1) =0.8W/kg or 2.0 W/kg, for 1-g or 10-g respectively, when the transmission band is < 100 MHz

(2) =0.6 W/kg or 1.5 W/kg, for 1-g or 10-g respectively, when the transmission band is between 100

MHz and 200 MHz

(3) =0.4W/kg or 1.0 W/kg, for 1-g or 10-g respectively, when the transmission band is = 200 MHz

<KDB 248227 D01, SAR Guidance for Wi-Fi Transmitter
(1) For handsets operating next to ear, hotspot mode or mini-tablet configurations, the initial test
position procedures were applied. The test position with the highest extrapolated peak SAR will be
used as the initial test position. When the reported SAR of initial test position is <= 0.4 W/kg, SAR
testing for remaining test positions is not required. Otherwise, SAR is evaluated at the subsequent
highest peak SAR positions until the reported SAR result is <= 0.8 W/kg or all test positions are

measured.

S>

(2) For WLAN 2.4 GHz, the highest measured maximum output power channel for DSSS was selected
for SAR measurement. When the reported SAR is <= 0.8 W/kg, no further SAR testing is required.
Otherwise, SAR is evaluated at the next highest measured output power channel. When any
reported SAR is > 1.2 W/kg, SAR is required for the third channel. For OFDM modes (802.11g/n),
SAR is not required when the highest reported SAR for DSSS is adjusted by the ratio of OFDM to
DSSS specified maximum output power and it is <= 1.2 W/kg.
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9.2.2 SAR Results for Body Exposure Condition (Separation Distance is 0 cm Gap)

MRS " Power Measured . Scaled
o Band Mode el ch. Tone-dp | Conducted | i sarg | S| sarig
(dBm) (dBm) (dB) (W/kg) (W/kg)
1 802.11b - Front Face 6 14.0 12.32 0.09 0.267 1.47 0.39
802.11b - Rear Face 6 14.0 12.32 0.00 N/A 1.47 <0.01
802.11b - Right Side 6 14.0 12.32 -0.03 0.198 1.47 0.29
802.11b - Top Side 6 14.0 12.32 0.09 0.013 1.47 0.02

9.2.3 SAR Measurement Variability

According to KDB 865664 D01, SAR measurement variability was assessed for each frequency band,
which is determined by the SAR probe calibration point and tissue-equivalent medium used for the
device measurements. When both head and body tissue-equivalent media are required for SAR
measurements in a frequency band, the variability measurement procedures should be applied to the
tissue medium with the highest measured SAR, using the highest measured SAR configuration for that
tissue-equivalent medium. Alternatively, if the highest measured SAR for both head and body tissue-
equivalent media are < 1.45 W/kg and the ratio of these highest SAR values, i.e., largest divided by
smallest value, is < 1.10, the highest SAR configuration for either head or body tissue-equivalent
medium may be used to perform the repeated measurement. These additional measurements are
repeated after the completion of all measurements requiring the same head or body tissue-equivalent
medium in a frequency band. The test device should be returned to ambient conditions (normal room
temperature) with the battery fully charged before it is re-mounted on the device holder for the repeated
measurement(s) to minimize any unexpected variations in the repeated results.

Since all the measured SAR are less than 0.8 W/kg, the repeated measurement is not required.
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9.2.4 DUT Holder Perturbations

Depending on antenna locations, buttons locations on phones or device, form factor (e.g. dongles etc.),
the measured SAR could be influenced by the relative positions of the test device and its holder.

When the highest reported SAR of an antenna is > 1.2 W/kg, holder perturbation verification is required,
using the highest SAR configuration among all applicable frequency bands with and without the device

holder.

All the measured SAR are less than 1.2 W/kg, so the holder perturbation verification is not required.

Test Engineer : Warren Xiong,
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10. Appendixes

Refer to separated files for the following appendix es.

Appendix A: SAR Plots of System Verification
The plots for system verification with largest deviation for each SAR system combination are shown as

follows.

Appendix B: SAR Plots of SAR Measurement
The SAR plots for highest measured SAR in each exposure configuration, wireless mode and frequency
band combination, and measured SAR > 1.5 W/kg are shown as follows.

Appendix C: Cablibration Certificate for probe and Dipole

Appendix D: Photographs of EUT and setup




Test Laboratory: UnionTrust Date: 11/22/2019
System Check-D2450V2_B2450
DUT: Dipole 2450 MHz D2450V2 SN:1041

Communication System: CW; Frequency: 2450 MHz;Duty Cycle: 1:1
Medium: B2450 Medium parameters used: f = 2450 MHz; 6 = 1.949 S/m; e.=51.779; p=1000

kg/m3

DASY4 Configuration:

- Probe: EX3DV4 - SN7506; ConvF(7.67, 7.67, 7.67) @ 2450 MHz; Calibrated: 6/27/2019
- Sensor-Surface: 1.4mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn1557; Calibrated: 6/18/2019

- Phantom: SAM 1; Type: QD 000 P40 CB; Serial: TP/137

- ; Postprocessing SW: SEMCAD, V1.8 Build 186

Pin=250 mW/Area Scan (81x81x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 22.8 W/kg

Pin=250 mW/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 110.4 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.22 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 =48.4%

Maximum value of SAR (measured) = 22.6 W/kg

Wikg
22.800

18.242
13.685
9.127

4,570

0.012




Test Laboratory: TUV Rheinland loT Excellence Center Date: 11/22/2019

P01 802.11b_Front Face Ocm_Ché6
DUT: Vscan

Communication System: 802.11b; Frequency: 2437 MHz;Duty Cycle: 1:1
Medium: B2450 Medium parameters used: f= 2437 MHz; 6 = 1.932 S/m; &= 51.82; p = 1000 kg/m3

DASYS5 Configuration:

- Probe: EX3DV4 - SN7506; ConvF(7.67, 7.67, 7.67) @ 2437 MHz; Calibrated: 6/27/2019
- Sensor-Surface: 1.4mm (Mechanical Surface Detection)

- Electronics: DAE4 Sn1557; Calibrated: 6/18/2019

- Phantom: ELI V8.0; Type: QD OVA 004 Ax; Serial: 2094

- Measurement SW: DASY 52, Version 52.10 (3); SEMCAD X Version 14.6.13 (7474)

- Area Scan (81x161x1): Interpolated grid: dx=1.200 mm, dy=1.200 mm
Maximum value of SAR (interpolated) = 0.513 W/kg

- Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 1.894 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 0.682 W/kg

SAR(1 g) = 0.267 W/kg; SAR(10 g) = 0.099 W/kg

Smallest distance from peaks to all points 3 dB below = 6.1 mm

Ratio of SAR at M2 to SAR at M1 =38%

Maximum value of SAR (measured) = 0.476 W/kg

Wikg
0.513

0.410
0.308
0.205

0.103
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Calibration date:

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

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date {Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19
Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr-19
Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18
DAE4 SN: 601 26-Oct-17 (No. DAE4-601_Oct17) Oct-18
Secondary Standards ID # Check Date {in house) Scheduled Check
Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: US37292783 07-Oct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18
RF generator R&S SMT-06 SN: 100972 15-dun-15 (in house check Oct-16) In house check: Oct-18
Network Analyzer HP 8753E SN: US373980585 18-Oct-01 (in house check Oct-17) In house check: Oct-18
Function
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Calibrated by: Sy Labor
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Issued: June 7, 2018

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

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |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 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

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 to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

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

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

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

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

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

o 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%.

Certificate No: D2450V2-1014_Jun18 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY5 Vv52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (22.0+£0.2)°C 382+6% 1.85 mho/m £ 6 %

Head TSL temperature change during test <05°C e —
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 13.1 Wikg

SAR for nominal Head TSL parameters normalized to 1W 51.4 W/kg £ 17.0 % (k=2)

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

SAR measured 250 mW input power 6.09 W/kg

SAR for nominal Head TSL parameters normalized to 1W 24.1 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0+0.2) °C 52.3+6 % 2.03 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 12.9 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

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

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

condition

SAR measured

250 mW input power

6.02 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.8 W/kg = 16.5 % (k=2)

Certificate No: D2450V2-1014_Juni8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 55.0Q +3.3jQ

Return Loss -249dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 498 Q +4.1jQ
Return Loss -27.7dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.144 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 October 17, 2017
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DASYS5 Validation Report for Head TSL

Date: 07.06.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1014

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

Medium parameters used: f = 2450 MHz; ¢ = 1.85 S/m; &, = 38.2; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAE4 Sn601; Calibrated: 26.10.2017
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o DASYS5252.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 115.1 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 25.9 W/kg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.09 W/kg

Maximum value of SAR (measured) = 21.5 W/kg

-20.00

-25.00

0dB =21.5 W/kg = 13.32 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 07.06.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:1014

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

Medium parameters used: f = 2450 MHz; ¢ = 2.03 S/m; & = 52.3; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8.01) @ 2450 MHz; Calibrated: 30.12.2017

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.1(1476); SEMCAD X 14.6.11(7439)

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

Reference Value = 107.4 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 25.5 W/kg

SAR( g) =12.9 W/kg; SAR(10 g) = 6.02 W/kg

Maximum value of SAR (measured) =21.0 W/kg

dB

-4.00

-12.00

-16.00

-20.00

0dB =21.0 W/kg = 13.22 dBW/kg
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Impedance Measurement Plot for Body TSL
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Justification for Extended SAR Dipole Calibrations

. Date of Return Loss o
Dipole Measurement (dB) Delta (%) Impedance Delta(ohm)
Head Jun. 07, 2018 -24.9 - 55 -
2450 MHz Apr. 17, 2019 24.6 -1.20 52.2 28

Note: The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification results meet the requirement of extended calibration.

1 Start 2.35 GHz

1 Start 2.35 GHz

TFBW 70 kHz

IFBW 70 kHz

Stop 2.55 GHz [€4)!

Stop 2.55 GHz [ |!




Justification for Extended SAR Dipole Calibrations

. Date of Return Loss o
Dipole Measurement (dB) Delta (%) Impedance Delta(ohm)
Jun. 07, 2018 -27.7 - 49.8 -
Body
2450 MHz Apr. 17, 2019 27.8 0.36 49.9 0.1

Note: The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification results meet the requirement of extended calibration.

1 Start 2.35 GHz

IFBW 70 kHz

Stop 2.55 GHz

1 Start 2.35 GHz

TFBW 70 kHz

Stop 2.55 GHz [
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Object

Calibration procedure(s)

Calibration date:

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

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20

Power sensor NRP-Z91 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: §5277 (20x) 04-Apr-19 (No. 217-02894) Apr-20

DAE4 SN: 660 19-Dec-18 (No. DAE4-660_Dec18) Dec-19

Reference Probe ES3DV2 SN: 3013 31-Dec-18 (No. ES3-3013_Dec18) Dec-19

Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E4419B SN: GB41293874 06-Apr-16 (in house check Jun-18) In house check: Jun-20
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-18) In house check: Jun-20
Power sensor E4412A SN: 000110210 06-Apr-186 (in house check Jun-18) In house check: Jun-20
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-18) In house check: Jun-20
Network Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Oct-19
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Issued: June 27, 2019

Calibrated by:

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Glossary:
TSL tissue simulating liquid
NORMXx,y,z sensitivity in free space
ConvF sensitivity in TSL / NORMXx,y,z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A, B,C,D modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization § 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 =0 is normal to probe axis
Connector Angle information used in DASY system to align prabe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

d)

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

IEC 62209-1, ", “Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz)”, July 2016

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

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

Methods Applied and Interpretation of Parameters:

NORMX,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMXx,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

NORM(f)x,y,z = NORMXx,y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF.

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

PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

Ax,y,z; Bx,v,z; Cx,y,z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz to £+ 100
MHz.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Sensor Offset. The sensor offset corresponds to the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required.

Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).
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EX3DV4 - SN:7506

June 27, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7506

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(V/m)?)? 0.56 0.41 0.51 +10.1%
DCP (mV)" 98.9 94.1 97.4
Calibration Results for Modulation Response
uiD Communication System Name A B C D VR Max Unc"
dB dBv v dB mv dev. k=2)
0 cw X 0.0 0.0 1.0 0.00 145.9 +33% | 247 %
Y 0.0 0.0 1.0 1435
Z 0.0 0.0 1.0 142.2

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%.

* The uncertainties of Norm X,Y,Z do not affect the E%-field uncertainty inside TSL (see Pages 5 and 6).
Numerical linearization parameter: uncertainty not required.

Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the

field value.

Certificate No: EX3-7506_Jun19
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EX3DV4- SN:7506

June 27, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7506

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) 60
Mechanical Surface Detection Mode enabled |
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 25mm |
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1.4 mm

Certificate No: EX3-7506_Jun19
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EX3DV4- SN:7506

June 27, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7506

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth © Unc
f(MHz)® | Permittivity " (sim)f ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 43.5 0.87 11.26 11.26 11.26 0.11 1.20 +133 %
750 41.9 0.89 10.49 10.49 10.49 0.61 0.80 +12.0%
835 41.5 0.90 10.23 10.23 10.23 0.53 0.81 +12.0%
900 41.5 0.97 10.02 10.02 10.02 0.44 0.94 +12.0%
1750 40.1 1.37 8.93 8.93 8.93 032 | 090 £12.0%
1900 40.0 1.40 8.57 8.57 8.57 0.35 0.86 £12.0%
2000 40.0 1.40 8.46 8.46 8.46 0.33 0.86 +12.0%
2300 39.5 1.67 8.07 8.07 8.07 0.32 0.88 +12.0%
2450 39.2 1.80 7.85 7.85 7.85 0.32 0.99 £12.0%
2600 39.0 1.96 7.59 7.59 7.59 0.34 0.96 +12.0%
3500 37.9 2.91 6.91 6.91 6.91 0.30 1.30 +131%
3700 37.7 3.12 6.90 6.90 6.90 0.30 1.30 +131%
5250 35.9 4.71 5.40 5.40 5.40 0.40 1.80 +13.1%
5600 35.5 5.07 4.92 4.92 4.92 0.40 1.80 131 %
5800 35.3 5.27 5.05 5.05 5.05 040 | 1.80 +13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity

below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at

6 MHz is 4-9 MHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can be extended to + 110 MHz.
FAt frequencies below 3 GHz, the validity of tissue parameters (e and &) can be relaxed to + 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (g and o) is restricted to + 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

€ Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than = 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.
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EX3DV4- SN:7506

June 27, 2019

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7506

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth G Unc

f(MHz)© | Permittivity " (sim)* ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
450 56.7 0.94 10.85 10.85 10.85 0.08 1.20 +133 %
750 55.5 0.96 10.44 10.44 10.44 0.50 0.80 +12.0%
835 55.2 0.97 10.18 10.18 10.18 0.47 0.80 +12.0%
900 55.0 1.05 10.02 10.02 10.02 0.48 0.80 +12.0 %
1750 53.4 1.49 8.48 8.48 8.48 0.37 0.90 +12.0%
1900 53.3 1.52 8.06 8.06 8.06 0.42 0.86 +12.0%
2000 53.3 1.52 7.97 7.97 7.97 0.42 0.86 +12.0%
2300 52.9 1.81 7.86 7.86 7.86 0.43 0.90 +12.0 %
2450 52.7 1.95 7.67 7.67 7.67 0.37 0.96 +12.0%
2600 52.5 2.16 7.58 7.58 7.58 0.33 0.96 +12.0%
3500 51.3 3.31 6.68 6.68 6.68 0.40 1.30 £13.1%
3700 51.0 3.55 6.66 6.66 6.66 0.40 1.30 +13.1%
5250 48.9 5.36 5.03 5.03 5.03 0.50 1.90 +13.1%
5600 48.5 5.77 4.34 4.34 4.34 0.50 1.90 +131%
5800 48.2 6.00 4.41 4.41 4.41 0.50 1.90 +13.1%

© Frequency validity above 300 MHz of + 100 MHz only applies for DASY v4.4 and higher (see Page 2), else it is restricted to + 50 MHz. The
uncertainty is the RSS of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band. Frequency validity

below 300 MHz is + 10, 25, 40, 50 and 70 MHz for ConvF assessments at 30, 64, 128, 150 and 220 MHz respectively. Validity of ConvF assessed at

6 MHz is 4-9 MHz, and ConvF assessed at 13 MHz is 9-19 MHz. Above 5 GHz frequency validity can be extended to + 110 MHz.
F At frequencies below 3 GHz, the validity of tissue parameters (g and ) can be relaxed to * 10% if liquid compensation formula is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricted to + 5%. The uncertainty is the RSS of

the ConvF uncertainty for indicated target tissue parameters.

& Alpha/Depth are determined during calibration. SPEAG warrants that the remaining deviation due to the boundary effect after compensation is

always less than + 1% for frequencies below 3 GHz and below + 2% for frequencies between 3-6 GHz at any distance larger than half the probe tip

diameter from the boundary.
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EX3DV4- SN:7506 June 27, 2019

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: * 6.3% (k=2)
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EX3DV4— SN:7506 June 27, 2019

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
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Uncertainty of Axial Isotropy Assessment: 1 0.5% (k=2)
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EX3DV4- SN:7506 June 27, 2019

Dynamic Range f(SAR,caq)
(TEM cell , foya= 1900 MHz)
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Uncertainty of Linearity Assessment: + 0.6% (k=2)
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EX3DV4- SN:7506 June 27, 2019

Conversion Factor Assessment

f= 835 MHz,WGLS R9 (H_convF) f= 1900 MHz, WGLS R22 (H_convF)
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Deviation from Isotropy in Liquid
Error (¢, 9), f = 900 MHz
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Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
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IMPORTANT NOTICE

USAGE OF THE DAE4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is fixed using a screw, over tightening the screw may cause
the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the DAE
in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the DAE
from impacts during transportation. The package shall be marked to indicate that a fragile instrument is inside.

E-Stop Failures: Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling of
the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the E-stop. To prevent E-stop 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 the
right to charge for any repair especially if rough unprofessional handling caused the defect.

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

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

Important Note:

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

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented 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.

TN_EH190306AE DAE4.docx 07.03.2019
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Object
Calibration procedure(s) fQA CAL-O"GyVZQ J

«Callibration procedure for the data acquisition electronics (DAE)
Calibration date: JU}FG 18,2@19

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

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 03-Sep-18 (N0:23488) Sep-19

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

Auto DAE Calibration Unit SE UWS 053 AA 1001 07-Jan-19 (in house check) In house check: Jan-20

Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-19 (in house check) In house check: Jan-20
Name Function Signature

Calibrated by: ~:Dém,iriiqué/s'teffe,n "Lfavaorétdrf "l"«ec'hln'ician &
L= ] o
Approved by: "Sven Kihn: " Deputy Manager | “\' v @ W

Issued: June 18, 2019

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

DAE data acquisition electronics

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

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

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

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

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

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

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

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

e Input Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

e Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

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

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

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

Certificate No: DAE4-1557_Jun19 Page 2 of 5



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uv, fullrange = -100...+300 mV
Low Range: 1LSB = 61nV, fullrange= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y y4
High Range 405.351 £ 0.02% (k=2) | 405.240 + 0.02% (k=2) | 405.265 + 0.02% (k=2)
Low Range 3.97149 + 1.50% (k=2) | 3.99776 + 1.50% (k=2) | 3.98694 * 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system

53.0°+£1°

Certificate No: DAE4-1557_Jun19
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (nV) Difference (uV) Error (%)
Channel X + Input 200038.52 1.55 0.00
Channel X + Input 20007.62 2.1 0.01
Channel X - Input -20002.92 3.18 -0.02
Channel Y + Input 200039.07 2.26 0.00
Channel Y + Input 20005.02 -0.49 -0.00
Channel Y - Input -20007.04 -0.84 0.00
Channel Z + Input 200039.65 2.89 0.00
Channel Z + Input 20004.19 -1.19 -0.01
Channel Z - Input -20007.27 -1.01 0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.13 -0.06 -0.00
Channel X + Input 201.52 0.39 0.20
Channel X - Input -198.20 0.66 -0.33
Channel Y + Input 2000.83 -0.14 -0.01
Channel Y + Input 200.63 -0.39 -0.19
Channel Y - Input -199.72 -0.73 0.37
Channel Z + Input 2002.59 1.71 0.09
Channel Z + Input 200.17 -0.78 -0.39
Channel Z - Input -199.93 -0.87 0.44
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 (uV) Average Reading (V)

Channel X 200 -1.16 -3.06

- 200 5.58 3.43
Channel Y 200 6.73 6.04

- 200 -6.92 -7.52
Channel Z 200 -7.43 -6.66

- 200 5.54 5.57

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 - -1.87 -2.56
Channel Y 200 5.29 - 0.45
Channel 2 200 10.07 2.38 -

Certificate No: DAE4-1557_Jun19
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15903 17015
Channel Y 15705 16921
Channel Z 16034 14081

5. Input Offset Measurement

DASY measurement parameters: Auto Zero Time:

3 sec; Measuring time: 3 sec

Input 10MQ
Average (uV) | min. Offset (V) | max. Offset (uv) | St '():“,’)iath“
Channel X 0.15 -0.78 0.82 0.37
Channel Y -0.29 -1.23 0.97 0.43
Channel Z -0.22 -1.01 1.10 0.45
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25fA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)

Typical values

Alarm Level (VDC)

Supply (+ Vec)

+7.9

Eupply (- Vce)

-7.6

9. Power Consumption (Typical values for information)

Typical values

Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vee) -0.01 -8 -9
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Calibration procedure(s)

Calibration date:

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

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID # | Cal Date (Certificate No.) | Scheduled Calibration
OCP DAK-3.5 (weighted) SN: 1249 [ 09-Oct-18 (OCP-DAK3.5-1249_Oct18) | Oct-19 4‘
Secondary Standards ID # Check Date (in house) Scheduled Check

Rohde & Schwarz ZVA67 T4383 16-Jan-18 (in house check Jun-18) Jun-19

Digital Thermometer DTM3000 3612 21-May-19 (DTM-3612_May19) May-20

Methanol 99.9% Type 34860 STBH5818 15-Jan-19 (bottle opened, check May-19) May-20

Head Liquid, HBBL U16 190423-0 23-Apr-19 (in house check May-19) May-20

0.1 mol/L NaCl solution 180820-1 20-Aug-18 (in house check May-1 9) May-20

0.05 mol/L. NaCl solution 180820-2 20-Aug-18 (in house check May-19) May-20

Head Gel, SL AGH U08 AB-B 150430 06-May-15 (in house check May-19) May-20

Eccostock0005 1507101 01-Jul-15 (in house check May-19) May-20

Function

/ sig
v

Calibrated by:

oh

Approved by: Katja Pokovic Technical Manager =77 %%

Issued: June 18, 2019

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Description of the dielectric probe

Dielectric probes are used to measure the dielectric parameters of tissue simulating media in a wide
frequency range. The complex permittivity &, = (e'/eo) - j(€"/e0) is determined from the S parameters
measured with a vector network analyzer (VNA) with software specific to the probe type. The
parameters of interest e.g. in standards [1, 2, 3] and for other applications are presented are calculated
as follows:

(Relative) permittivity ¢’ (real part of & = (€'/eo) - j(€"/e0) Where g, = 8.854 pF/m is the permittivity in free
space)

Conductivity o = 2 1 f " g,

Loss Tangent = (g"/¢")

The OCP (open ended coaxial) is a cut off section of 50 Ohm transmission line, similar to the system
described in [1, 2, 3, 5], used for contact measurement The material is measured either by touching the
probe to the surface of a solid/gelly or by immersing it into a liquid media. The electromagnetic fields at the
probe end fringe into the material to be measured, and its parameters are determined from the change of
the S14 parameters. With larger diameter of the dielectrics, the probe can be used down to lower
frequencies.

The flange surrounding the active area shapes the near field similar to a semi-infinite geometry and is
inserted fully into the measured lossy liquid.
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The probe is connected with a phase and amplitude stable cable to a VNA which is then calibrated with
Open, Short and a Liquid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable.

Handling of the item

Before usage, the active probe area has to be cleaned from any material residuals potentially
contaminating the reference standards. The metal and dielectric surface must be protected to keep the
precision of the critical mechanical dimensions. The connector and cable quality are critical; any
movements between calibration and measurement shall be avoided.

The temperature must be stable and must not differ from the material temperature.

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the steps described below for the desired
frequency range and calibration package (SAR/MRI liquids, Semi-solid/solid material). Because the
standard calibration in step 3 is critical for the results in steps 4 to 8, the sequence 3 to 8 is repeated 3
times. As a result, the result from these 3 sets is represented.

1. Configuration and mechanical / optical status.

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

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

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

4. The cable used in the setup stays in a fixed position, i.e. the probe is fixed and measuring from the
top in an angle of typ. 20° from the vertical axis. For DAK and Agilent probes, the refresh function
(air standard) is used previous to the individual measurements in order to compensate for possible
deviations from cable movements. After insertion of the probe into a liquid, the possible air bubbles
are removed from the active surface.

5. Measurement of multiple shorts if not already available from the calibration in the previous step
(NPL). Evaluation of the deviation from the previous calibration short with graphical representation of
the complex quantities and magnitude over the frequency range. Probe specific short is used. This
assessment shows ability to define a short circuit at the end of the probe for the VNA calibration in
the setup which is essential at high frequencies and depends on the probe surface quality.

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

7. Measurement of lossy liquids in a quantity of 1 liter at well defined temperature. Head tissue
simulating liquid or saline solution with 0.5 S/m static conductivity are representative. The target data
base on traceable data from reference sources or from multiple measurements with precision
reference probes or different evaluations such as transmission line or slotted line methods.
Evaluation of the deviation from the target and graphical representation for permittivity and
conductivity over the frequency range

8. Semi-solid / solid material calibration:

Measurements of an elastic lossy broadband semi-solid gel with parameters close to the head tissue
target. Measurements of a planar very low loss solid microwave-substrate. The average of 4
measurements of the same sample at different location is shown as a single result. The deviation of
the permittivity and conductivity from the reference data is evaluated.

Measurements of a planar very low loss solid microwave-substrate. The average of 4 measurements
of the same sample at different location is shown as a single result. The relative deviation of the
permittivity and the absolute deviation of the loss tangent is evaluated.

The targets base on multiple measurements (on the same material batch at identical temperature)
on convex and planar surfaces with precision reference OCP.
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10.

11.

The measurement on semi-solid / solid materials is sensitive to the quality.and planarity of the probe
contact area, such as air gaps due to imperfect probes (resulting lower permittivity values).

Table for the probe uncertainty: The uncertainty of the probe depending on probe type, size, material
parameter range and frequency is given in a table. It represents the best measurement capability of
the specific probe but does not include the material (deviation from the target values).

Appendix with detailed results of all measurements with the uncertainties for the specific
measurement. In addition to the probe uncertainty (see above), it includes the uncertainty of the
reference material used for the measurement. A set of results from independent calibrations
represents the capability of the setup and the lossy materials used, including the precision of the
measured material and the influence of temperature deviations. Temperature and operator influence
was minimized and gives a good indication of the achievable repeatability of a measurement.
Summary assessment of the measured deviations and detailed comments if not typical for the probe

type.

Dielectric probe identification and configuration data

Item description

Further settings VNA bandwidth setting: 50 Hz
SCS 0108 Accessories used for customer probe calibration
Cable Huber & Suhner Sucoflex 404, SN: 4361, length 1 m,
PC3.5 neg. — PC3.5 neg.
Short DAK-3.5 shorting block, type SM DAK 200 BA

Additional items used during measurements

Probe type | OCP Open-ended coaxial probe -
Probe name | SPEAG Dielectric Assessment Kit DAK-3.5
Type No SM DAK 040 CA

Serial No 1269

Description Open-ended coaxial probe with flange

Flange diameter: 19.0 mm
Dielectric diameter: 3.5 mm
Material: stainless steel

Connector 1 PC 3.5 pos.

Software version DAK Measurement Solver 2.4.1.202
Calibration Type: Air / short / water (set to measured water temp.)
Probe type: “DAK3.5” (software setting)

| Contact area covered with cleaned Cu stripe

Adapter 1 | PC3.5 pos. — PC1.85 (VNA side)
Adapter 2 PC3.5 pos. — PC3.5 neg. (probe side) -
Notes
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Before the calibration, the connectors of the probe and cable were inspected and cleaned.
Probe visual inspection: according to requirements
Short inspection: according to the requirements




Probe Uncertainty

The following tables provide material and frequency specific uncertainties (k=2) for the dielectric probe. The
values in the tables represent the measurement capability for the probe when measuring a material in the
indicated parameter range. They include all uncertainties of

¢ probe system

¢ possible systematic errors due to the design

e calibration

¢ temperature differences during the calibration and measurements, as described,

e VNA noise
Apart from the material used for the calibration (de-ionized water), material uncertainties of the reference

materials used during the measurement in Appendix A are not included in these tables.

DAK-3.5
Permittivity range Frequency range (sigma /LT range) Unc. (k=2)
1-15 10 MHz - 20 MHz -—
20 MHz - 200 MHz -—
200 MHz - 3 GHz LT <01 2.0%
3 GHz - 6 GHz LT <0.1 2.0%
6 GHz - 20 GHz LT <0.1 2.1%
10 - 40 10 MHz - 20 MHz -
20 MHz - 200 MHz -
200 MHz - 3 GHz sigma:1-10S/m 1.8%
3 GHz -6 GHz sigma: 1—10S/m 2.3%
6 GHz - 20 GHz sigma > 10 S/m 3.4%
35-100 | 10 MHz - 20 MHz -
20 MHz - 200 MHz ---
200 MHz - 3 GHz sigma:1-10S/m 1.7%
3GHz -6 GHz sigma:1—-10S/m 1.9%
6 GHz - 20 GHz sigma > 10 S/m 2.4%
Conductivity range (S/m) Frequency range (epsilon / LT range) Unc. (k=2)
1-10 10 MHz - 20 MHz -
20 MHz - 200 MHz -—
200 MHz - 3 GHz eps: 35-100 27%
3 GHz -6 GHz eps:35-100 3.0%
6 GHz - 20 GHz eps:10-40 3.0%
Loss tangent range Frequency range (epsilon / LT range) Unc. (k=2)
<01 10 MHz - 20 MHz -
20 MHz - 200 MHz -
200 MHz - 3 GHz eps:1-15 0.03
3 GHz -6 GHz eps:1-15 0.03
6 GHz - 20 GHz eps:1-15 0.03

Certificate No: OCP-DAK3.5-1269_Jun19

Page 5 of 13




Calibration Results

Uncertainty limits (k=2) for the material measurements in the figures of Appendix A are represented with
red dashed lines. These uncertainties contain - in addition to probe uncertainty - the uncertainty of the
material target parameter determination.

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

Materials for DAK-3.5 calibration:
Appendix A with curves for Methanol, HBBL, and 0.05 mol/L NaCl solution (200 MHz - 6 GHz, optional 20
GHz), HS gel and low loss solid substrate are optional.
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Appendix A: Detailed Results

A.1  Probe appearance and calibration sequence

A.1.1 Appearance

The OCP appearance is fully according to the expectations:

= the flange surface is intact

A.1.2 Calibration sequence

The following sequence was repeated 3 times in the low frequency range from 200 — 300 MHz in 5 MHz
steps and in the high frequency range from 300 to 6000 MHz in 50 MHz steps, and from 6 GHz to 20 GHz
in 250 MHz steps.

= Air

= Short 1 short, then immediate verification with a second short (with eventual repetition)

= Water De-ionized water, temperature measured and set in the software (for DAK-12 0.1 mol/L
saline solution, temperature measured and set in the software)

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

= Liquids Measurement of further liquids (e.g. Head tissue simulating liquid and 0.05 mol/l saline)

= Cleaning Probe washed with water and isopropanol at the end of the sequence.

= Shorts 4 additional separate short measurements to determine the deviation from the original

= Refresh Refresh with Air

= Solid 4 separate solid low loss planar substrate measurements to determine one average
(optional)

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

= (Cleaning Probe washed with water and isopropanol at the end of the sequence

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

Evaluation of the Liquid measurements and representation of the permittivity and conductivity deviation
from their reference data at the measurement temperature. The results of each of the 3 calibrations is
shown in the appendix for each material (fig. 3ff) in black, red, blue. The red dashed line shows the
uncertainty of the reference material parameter determination.

Evaluation of the Semisolid measurements (optional) by representing the 3 average deviations (each
resulting from the 4 separate measurements per set), equivalent to the liquid measurement.
Representation of the permittivity and conductivity deviation from their reference data at the nominal
temperature.

Evaluation of the Solid measurements (optional) by representing the 3 average deviations (each resulting
from the 4 separate measurements per set), equivalent to the liquid measurement. Representation of the
permittivity deviation from their reference data and the loss tangent at the nominal temperature.
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A.2 Short residual magnitudes

After each of the 3 calibrations with a single short (as per the DAK software), 4 additional separate, short
measurements were performed after the liquid measurements and evaluated from the S11 data. The

residuals in the graphs represent the deviation from the ideal short point on the polar representation on the
VNA screen.

Short Residuals
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Fig. 2.1a Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration a)
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Fig. 2.1b Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration b)

Short Residuals
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Fig. 2.1c Magnitude of the residual of the shorts, 200 MHz — 20 GHz, after calibration c)
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Short Residuals
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Fig. 2.2a-c

Complex representation of the residuals of the shorts, 200 MHz - 20 GHz,

after calibrations a)-b) in the top and c} in the bottom

All shorts have good quality. Some minor deviations might be visible from contact quality (left - right).
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A.3  Methanol

Methanol (99.9% pure) was measured at a temperature of 22 +/- 2 °C. The liquid temperature was
stabilized within 0.05 °C of the desired temperature. Deviations are presented relative to the nominal
material parameters at this temperature, calculated from NPL data for this temperature. For the
measurements the Noise Filter was activated in the software.

Permittivity deviation
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Fig. 3.1 Methanol permittivity deviation from target, 200 MHz — 10 GHz
Conductivity deviation
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Fig. 3.2 Methanol conductivity deviation from target, 200 MHz — 10 GHz

Note: Conductivity error can be high at low frequencies due to the low absolute conductivity values.
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A4 Head Tissue

Broadband head simulating liquid was measured at a temperature of 22 +/- 2 °C. The liquid temperature
.05 °C of the desired temperature. Deviations are presented relative to the reference
data for this material. Those parameters have been evaluated from multiple measurements on the used
bath with precision reference OCP and further methods. For the measurements the Noise Filter was

was stabilized within 0

activated in the software.
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Fig. 4.2 HBBL conductivity deviation from target, 200 MHz — 20 GHz
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A5

0.05 mol/L NaCl solution

0.05 mol/L NaCl / water solution has a static conductivity of 0.5 S/m, similar to MRl HCL (High Conductivity
Liquid). It was measured at a temperature of 22 +/- 2 °C. The liquid temperature was stabilized within 0.05
°C of the desired temperature. Deviations are presented relative to the reference data for this material.
These parameters have been derived from the theoretical model according to [7], matched to the
measurements from reference probes and other sources.
A quantity of 1 liter was used for the measurement. For the measurements the Noise Filter was activated in

the software.
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0.05 mol/L solution permittivity deviation from target, 200 MHz — 20 GHz

Conductivity deviation
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0.05 mol/L solution conductivity deviation from target, 200 MHz — 20 GHz
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Appendix B: Nominal parameters of reference materials used for calibration (additional
assessments outside the scope of SCS0108)

Permittivity of reference materials
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Conductivity of reference materials
50
40 ~—Methanol
E Ethanol
v 30 —Water
2 sali
> aline
3 20 Fat
=
£ —Head
v Muscie
10 -—Substrate
0 - »
0 2 4 6 8 10 12 14 16 18 20
Frequency {(GHz)
Fig.B.2 Conductivity of reference materials
Loss Tangent of reference materials
10
—Methanol
3 —Ethanol
= Water
% Saline
L Fat
§ 0.1 —Head
—~Muscle
/ ——Substrate
||IJ
001 L
0 2 4 6 8 10 12 14 16 18 20
Frequency {(GHz)
Fig. B.3 Loss tangent of reference materials
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The separation distance for antenna to edge:

EUT Bottom Side
<EUT Front View>

EUT Right Side

; : To Bottom : : :
Overall Display To Top Side : To Left Side | To Right Side
Antenna diagonal diagonal (mm) (?rIICI‘iT'Ie) (mm) (mm)
WLAN 176 127 12 142 55.5 3.5
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