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TEST REPORT
Applicant : Shanghai Helen Telecomm Co., Ltd.
Manufacturer :  Shanghai Helen Telecomm Co., Ltd.
Product Name :  Helen Two-Way Radio
Model No. Helen 228, Helen V8S, Helen 418, Helen 531, Helen 539, Helen 760,
Helen 780
Trade Mark : N/A
Rating(s) : DC 7.4V From Battery

Test Standard(s) : IEC/IEEE 62209-1528:2020;
ANSI/IEEE C95.1:2005; FCC 47 CFR Part 2 (2.1093);

The device described above is tested by Shenzhen Anbotek Compliance Laboratory Limited to
determine the maximum emission levels emanating from the device and the severe levels of the
device can endure and its performance criterion. The measurement results are contained in this test
report and Shenzhen Anbotek Compliance Laboratory Limited is assumed full of responsibility for
the accuracy and completeness of these measurements. Also, this report shows that the EUT
(Equipment Under Test) is technically compliant with the IEC/IEEE 62209-1528:2020, FCC 47
CFR Part 2 (2.1093), ANSI/IEEE C95.1:2005requirements.

This report applies to above tested sample only and shall not be reproduced in part without written
approval of Shenzhen Anbotek Compliance Laboratory Limited.

Date of Test Mar. 14, 2022~ Feb. 23, 2023

Klﬂ K”g/ Jin

Prepared By
(Engineer / Kingkong Jin)
y M
By
Reviewer l/

(Supervisor / Bibo Zhang)

- "J""'
Approved & Authorized Signer 7 .

(Manager / Tom Chen)
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1. Statement of Compliance

The maximum results of Specific Absorption Rate (SAR) found during testing are as follows.

<Highest SAR Summary>
Maximum Report SAR Results Limit(W/Kg)
Channel
Mode . Position (W/Kg)
Separation
50% duty cycle
UHF 12.5KHz Face-held 0.490
1.6
UHF 12.5KHz Body-Worn 0.831

This device is in compliance with Specific Absorption Rate (SAR) for general Occupational exposure / Controlled
environment limits 1.6 W/kg) specified in FCC 47 CFR part 2 (2.1093) and ANSI/IEEE C95.1-2005, and had been
tested in accordance with the measurement methods and procedures specified in IEC/IEEE 62209-1528:2020
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2. General Information

2.1 Client Information

Applicant: Shanghai Helen Telecomm Co., Ltd.

Address of Applicant: Room 1206, No 75, Hailun Road, Hongkou District, Shanghai, China

Manufacture: Shanghai Helen Telecomm Co., Ltd.

Address of Manufacture: |Room 1206, No 75, Hailun Road, Hongkou District, Shanghai, China

2.2 Testing Laboratory Information

Test Site: Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F, Building D, Sogood Science and Technology Park, Sanwei community,
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China.518102

2.3 Description of Equipment Under Test (EUT)

Equipment Two-Way Radio
Brand Name N/A
Model Name Helen 228
Listed Models Helen V8S, Helen 418, Helen 531, Helen 539, Helen 760, Helen 780
Operation frequency range [464.5 MHz to 469.9875MHz
Channel Separation 12.5kHz
Analog: FM
Type of Modulation

Digital: 4FSK
RF Rated Output power <=5W

Power supply DC 7.4V From Battery

Exposure category: Occupational exposure / Controlled environment
Category of device Portable device

Remark:

1. The above DUT's information was declared by manufacturer. Please refer to the specifications or user's

manual for more detailed description.

Shenzhen Anbotek Compliance Laboratory Limited
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2. 4 Device Category and SAR Limits

This device belongs to portable device category because its radiating structure is allowed to be used within
20 centimeters of the body of the user. Limit for General Population/Uncontrolled exposure should be

applied for this device, it is 8.0 W/kg as averaged over any 1 gram of tissue.

2.5 Device Category and SAR Limits

This device belongs to portable device category because its radiating structure is allowed to be used within
20 centimeters of the body of the user. Limit for General Population/Uncontrolled exposure should be

applied for this device, it is 8.0 W/kg as averaged over any 1 gram of tissue.

2. 6 Applied Standard

The Specific Absorption Rate (SAR) testing specification, method, and procedure for this device is in
accordance with the following standards:

FCC 47 CFR Part 2 (2.1093:2013)

ANSI/IEEE C95.1:2005

IEC/IEEE 62209-1528:2020

KDB 643646 D01 v01r03: SAR Test reduction considerations for occupational PTT radio

2. 7 Environment of Test Site

Items Required Actual
Temperature ('C) 18-25 22~23
Humidity (%eRH) 30-70 55~65

2. 8 Test Configuration

The device was controlled by using a base station emulator. Communication between the device and the
emulator was established by air link. The distance between the EUT and the antenna of the emulator is larger
than 50 cm and the output power radiated from the emulator antenna is at least 30 dB smaller than the output
power of EUT. The EUT was set from the emulator to radiate maximum output power during all tests. For
WLAN SAR testing, WLAN engineering testing software installed on the EUT can provide continuous

transmitting RF signal.

Shenzhen Anbotek Compliance Laboratory Limited
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3. Specific Absorption Rate (SAR)

3. 1 Introduction

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.

3. 2 SAR Definition

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:

SAR — d (dW) - d (dW)
T dt\dm/  dt\pdv

SAR is expressed in units of Watts per kilogram (W/kg)

SAR measurement can be either related to the temperature elevation in tissue by

SAR = C (ST)
A Y

Where: C is the specific head capacity, 8T is the temperature rise and Stisthe exposure duration, or related to

the electrical field in the tissue by

Where: ¢ is the conductivity of the tissue, p is the mass density of the tissue and E is the RMS electrical
field strength.

However for evaluating SAR of low power transmitter, electrical field measurement is typically applied.

Shenzhen Anbotek Compliance Laboratory Limited
ress: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, N\ Hotline
trict, She 2_/ 400-003-0500
26014772 Email: service@anbotek.com www.anbotek.com

g Street, Bao'an Dis 1zhen, Guangdong, China

-26066440 Fax: (86) 755
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4. SAR Measurement System

Remote Control Box PC

s =
O
| e— | —
D S | E—
e
-
Signal Lamps Electro-Optical Converter (E0C)
U
DAE
(Opt. Link)
Measurement Server
E-field Probe
Light Beam
2x Serial +
Digital 'O
—+ Phantom
|| Tissue Simulating
Liquid
Teach Pendant 1 Device Under Test
[— Robot Controller
Device Holder
O
L ]

DASY System Configurations

The DASY system for performance compliance tests is illustrated above graphically. This system consists of

the following items:

» A standard high precision 6-axis robot with controller, a teach pendant and software
A data acquisition electronic (DAE) attached to the robot arm extension
A dosimetric probe equipped with an optical surface detector system

The electro-optical converter (EOC) performs the conversion between optical and electrical signals

YV V V VYV

A measurement server performs the time critical tasks such as signal filtering, control of the robot
operation and fast movement interrupts.

A probe alignment unit which improves the accuracy of the probe positioning

A computer operating Windows XP

DASY software

Remove control with teach pendant and additional circuitry for robot safety such as warming lamps, etc.
The SAM twin phantom

A device holder

Tissue simulating liquid

YV VV V V V V V

Dipole for evaluating the proper functioning of the system

components are described in details in the following sub-sections.

Shenzhen Anbotek Compliance Laboratory Limited

ology Park, Sanwei Community, »\ Hotline
dong, Chin 4 400-003-0500

@ anbotek.com www.anbotek.com

:1/F., Building D, S

Bl, )y an Distri




Anbotek

Product Safety

Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 11 of 65
4. 1 E-Field Probe

The SAR measurement is conducted with the dosimetric probe (manufactured by SPEAG).The probe is
specially designed and calibrated for use in liquid with high permittivity. The dosimetric probe has special
calibration in liquid at different frequency. This probe has a built in optical surface detection system to

prevent from collision with phantom.

» E-Field Probe Specification
<EX3DV4 Probe>

Construction Symmetrical design with triangular core

Built-in shielding against static charges
PEEK enclosure material (resistant to

organic solvents, e.g., DGBE)

Frequency 10 MHz to 6 GHz; 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 mW/g; Linearity: = 0.2 dB
(noise: typically < 1 pW/g)

Photo of EX3DV4

Dimensions Overall length: 330 mm (Tip: 20 mm)
Tip diameter: 2.5 mm (Body: 12 mm)
Typical distance from probe tip to dipole

centers: 1 mm

» E-Field Probe Calibration
Each probe needs to be calibrated according to a dosimetric assessment procedure with accuracy better
than £ 10%. The spherical isotropy shall be evaluated and within + 0.25dB. The sensitivity parameters
(NormX, NormY, and NormZ), the diode compression parameter (DCP) and the conversion factor
(ConvF) of the probe are tested. The calibration data can be referred to appendix C of this report.

4. 2 Data Acquisition Electronics (DAE)

The data acquisition electronics (DAE) consists of a highly sensitive electrometer-grade preamplifier with
auto-zeroing, a channel and gain-switching multiplexer, a fast 16 bit AD-converter and a command decoder
and control logic unit. Transmission to the measurement server is accomplished through an optical downlink
for data and status information as well as an optical uplink for commands and the clock.

The input impedance of the DAE is 200MOhm; the inputs are symmetrical and floating. Common mode

rejection is above 80dB.

Shenzhen Anbotek Compliance Laboratory Limited
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Photo of DAE

4. 3 Robot

The SPEAG DASY system uses the high precision robots (DASYS5: TX60XL) type from Staubli SA (France).
For the 6-axis controller system, the robot controller version (DASYS5: CS8c) from Stdubli is used. The

Staublirobot 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)

“h

Photo of DASYS

4. 4 Measurement Server

The measurement server is based on a PC/104 CPU board with CPU (DASY5: 400 MHz, Intel Celeron), chip
disk (DASYS5: 128 MB), RAM (DASYS5: 128 MB). The necessary circuits for communication with the DAE
electronic box, as well as the 16 bit AD converter system for optical detection and digital I/O interface are

contained on the DASY 1I/O board, which is directly connected to the PC/104 bus of the CPU board.
Shenzhen Anbotek Compliance Laboratory Limited
Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, @ Hotline
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The measurement server performs all the real-time data evaluation for field measurements and surface

detection, controls robot movements and handles safety operations.

Photo of Server for DASYS

4. 5 Phantom

<SAM Twin Phantom>
Shell Thickness 2+ 0.2 mm;
Center ear point: 6 + 0.2 mm
Filling Volume Approx. 25 liters
Dimensions Length: 1000 mm; Width: 500 mm; T

Height: adjustable feet

Measurement Areas | Left Hand, Right Hand, Flat Phantom L* T——
%

Photo of SAM Phantom

The bottom plate contains three pair of bolts for locking the device holder. The device holder positions are
adjusted to the standard measurement positions in the three sections. A white cover is provided to tap the
phantom during off-periods to prevent water evaporation and changes in the liquid parameters. On the

phantom top, three reference markers are provided to identify the phantom position with respect to the robot.

<ELI4 Phantom>

Shell Thickness 2 £ 0.2 mm (sagging: <1%)

Filling Volume Approx. 30 liters

Dimensions Major ellipse axis: 600 mm

Minor axis:400 mm

Photo of ELI4 Phantom

The ELI4 phantom is intended for compliance testing of handheld and body-mounted wireless devices in the

Shenzhen Anbotek Compliance Laboratory Limited
ss: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, N\ Hotline

g Street, Bao'an District, Shenzhen, Guangdong, China Zz_/ 400-003-0500
Tel:(86) 755-26066440 Fax: (86) 755-26014772 Email: service@anbotek.com www.anbotek.com




Anbotek

Product Safety

Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 14 of 65
frequency range of 30 MHz to 6 GHz. ELI4 is fully compatible with standard and all known tissue simulating

liquids.

4. 6 Device Holder

The SAR in the phantom is approximately inversely proportional to the square of the distance between the
source and the liquid surface. For a source at 5 mm distance, a positioning uncertainty of +0.5mm would
produce a SAR uncertainty of + 20%. Accurate device positioning is therefore crucial for accurate and

repeatable measurements. The positions in which the devices must be measured are defined by the standards.

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

device needs no repositioning when changing the angles.

The DASY device holder is constructed of low-loss POM material having the following dielectric parameters:
relative permittivity € = 3 and loss tangent 6 = 0.02. The amount of dielectric material has been reduced in the
closest vicinity of the device, since measurements have suggested that the influence of the clamp on the test

results could thus be lowered.

Device Holder

Shenzhen Anbotek Compliance Laboratory Limited
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4. 7 Data Storage and Evaluation
»  Data Storage

The DASY software stores the assessed data from the data acquisition electronics as raw data (in
microvolt readings from the probe sensors), together with all the necessary software parameters for the
data evaluation (probe calibration data, liquid parameters and device frequency and modulation data) in
measurement files. The post-processing software evaluates the desired unit and format for output each
time the data is visualized or exported. This allows verification of the complete software setup even
after the measurement and allows correction of erroneous parameter settings. For example, if a
measurement has been performed with an incorrect crest factor parameter in the device setup, the

parameter can be corrected afterwards and the data can be reevaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected
probe type (e.g., [V/m], [A/m], [mW/g]). Some of these units are not available in certain situations or
give meaningless results, e.g., a SAR-output in a non-lose media, will always be zero. Raw data can

also be exported to perform the evaluation with other software packages.
»  Data Evaluation

The DASY post-processing software (SEMCAD) automatically executes the following procedures to
calculate the field units from the microvolt readings at the probe connector. The parameters used in the

evaluation are stored in the configuration modules of the software:

Probe parameters: - Sensitivity Norm;, a;o, a;1, a;p
- Conversion factor ConvF;

- Diode compression point  dcp;

Device parameters: - Frequency f
- Crest factor cf

Media parameters: - Conductivity c
- Density p

These parameters must be set correctly in the software. They can be found in the component documents
or they can be imported into the software from the configuration files issued for the DASY components.
In the direct measuring mode of the multi-meter option, the parameters of the actual system setup are
used. In the scan visualization and export modes, the parameters stored in the corresponding document

files are used.

The first step of the evaluation is a linearization of the filtered input signal to account for the
compression characteristics of the detector diode. The compensation depends on the input signal, the
diode type and the DC-transmission factor from the diode to the evaluation electronics. If the exciting

field is pulsed, the crest factor of the signal must be known to correctly compensate for peak power.

The formula for each channel can be given as:

Shenzhen Anbotek Compliance Laboratory Limited

Park, Sanwei Community, (/4 Hotline
( Z_/ 400-003-0500
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vi=ytuz
i— Vi i dei

with Vi= compensated signal of channel i, (i = x, y, z)
U; = input signal of channel i, 1 =%, y, z)
cf = crest factor of exciting field (DASY parameter)
dcp; = diode compression point (DASY parameter)

From the compensated input signals, the primary field data for each channel can be evaluated:

Vi
Norm;-ConvF

E-field Probes: E; =

ot fraf2
H-field Probes: H; = \/V, . M

with V; = compensated signal of channel i,(i =X, y, z)
Norm;= sensor sensitivity of channel i, (i = x, y, z), pV/(V/m)?* for E-field Probes
ConvF= sensitivity enhancement in solution
aji= sensor sensitivity factors for H-field probes
f = carrier frequency [GHz]
E;= electric field strength of channel i in V/m

H;= magnetic field strength of channel i in A/m

The RSS value of the field components gives the total field strength (Hermitian magnitude):

Et()t = ’E)2(+E§+EZZ

The primary field data are used to calculate the derived field units.

(o}

—F2 .
SAR = Ef: ' 000

with SAR = local specific absorption rate in mW/g
E total field strength in V/m
6 = conductivity in [mho/m] or [Siemens/m]|

p = equivalent tissue density in g/cm’

Note that the density is set to 1, to account for actual head tissue density rather than the density of the

tissue simulating liquid.
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5. Test Equipment List
Manufacturer Name of Equipment Type/Model | Serial Number Calibration
Last Cal. Due Date

SPEAG 450MHz System Validation Kit D450V3 1079 Aug 28,2022 | Aug 27,2025

SPEAG Data Acquisition Electronics DAE4 387 Sept.06,2022 | Sept.05,2023

SPEAG Dosimetric E-Field Probe ES3DV3 3292 Jan. 25,2023 | Jan. 24,2024

Agilent ENA Series Network Analyzer E5071C MY46317418 Oct.22,2022 | Oct.21, 2023

SPEAG DAK DAK-3.5 1226 NCR NCR

SPEAG SAM Twin Phantom QDO000P40CD 1802 NCR NCR

AR Amplifier ZHL-42W QA1118004 NCR NCR
Agilent Power Meter NI1914A MY50001102 Oct.22,2022 | Oct.21, 2023
Agilent Power Sensor N8&481H MY51240001 Oct.22,2022 | Oct.21, 2023

R&S Spectrum Analyzer N9020A MY51170037 | Oct.22,2022 | Oct.21,2023

Agilent Signal Generation N5182A MY48180656 | Oct.22,2022 | Oct.21,2023

Worken Directional Coupler ol 10A0§601O_1 COMSBNWI1A2| Oct.22,2022 | Oct.21,2023
Note:

1. The calibration certificate of DASY can be referred to appendix C of this report.

2. The dipole calibration interval can be extended to 3 years with justification. The dipoles are also not
physically damaged, or repaired during the interval.

3. The Insertion Loss calibration of Dual Directional Coupler and Attenuator were characterized via the
network analyzer and compensated during system check.

4. The dielectric probe kit was calibrated via the network analyzer, with the specified procedure (calibrated in
pure water) and calibration kit (standard) short circuit, before the dielectric measurement. The specific
procedure and calibration kit are provided by Agilent.

5. In system check we need to monitor the level on the power meter, and adjust the power amplifier level to

have precise power level to the dipole; the measured SAR will be normalized to 1W input power according
to the ratio of 1W to the input power to the dipole. For system check, the calibration of the power amplifier
is deemed not critically required for correct measurement; the power meter is critical and we do have

calibration for it
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For the measurement of the field distribution inside the SAM phantom with DASY, the phantom must be

filled with around 25 liters of homogeneous body tissue simulating liquid. 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, which is shown as followed:

The following table gives the recipes for tissue simulating liquid.

Composition of the Head Tissue Equivalent Matter

Mixture % Frequency 450MHz
Water 38.56
Sugar 56.32
Salt 3.95
Preventol 0.10
Cellulose 1.07
Dielectric Parameters Target Value f=450MHz £=43.5 6=0.87

Composition of the Body Tissue Equivalent Matter

Mixture % Frequency 450MHz
Water 56.16
Sugar 46.78
Salt 1.49
Preventol 0.10
Cellulose 0.47
Dielectric Parameters Target Value f=450MHz £=56.7 6=0.94

The following table shows the measuring results for simulating liquid.

- Measured Target Tissue Measured Tissue Liquid
issue
Frequency Dev. Dev. Temp.( Test Data
Type & c & o g
(MHz) C)
450H 450 43.50 0.87 43.68 0.41% 0.89 2.30% 22.2 Feb. 16, 2023
450B 450 56.70 0.94 56.35 | -0.62% 0.93 -1.06% 22.2 Feb. 16, 2023
Shenzhen Anbotek Compliance Laboratory Limited
r Community } Hotline
@ 100-003-0500

ATARA Aanl + ’ e
www.anbotek.com




Anbotek

Product Safety

Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 19 of 65

7. System Verification Procedures

Each DASY system is equipped with one or more system validation kits. These units, together with the
predefined measurement procedures within the DASY software, enable the user to conduct the system
performance check and system validation. System validation kit includes a dipole, tripod holder to fix it

underneath the flat phantom and a corresponding distance holder.

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

situations where the system uncertainty is exceeded due to drift or failure.

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

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

.

Tuning z ¥
wloment
Spacer

X
A0 Probe posiloner

T, wid peoise [
{ " s - Flat Phantom
=== |

: Dipal e
= ced e -
B
) Diir.Caupbar

Signal | A | —— - ]

[ Ampe el Low | 3de 1 - Iy
Generator
Fass Cable AR
Aatd
| FM1
A2
P2

System Setup for System Evaluation
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> Validation Results

Comparing to the original SAR value provided by SPEAG, the verification data should be within its
specification of 10 %. The table below shows the target SAR and measured SAR after normalized to

1W input power. It indicates that the system performance check can meet the variation criterion and the
plots can be referred to Appendix A of this report.

Power fed
. . Targeted | Measured | Normalized L.
Frequency| Liquid onto Deviation
Date SAR SAR SAR
(MHz) Type reference (Wike) (Wik) (Wike)
dipole (mW) - g g
Feb. 16, 2023 450 Head 250 4.58 1.16 4.64 1.31%
Feb. 16, 2023 450 Body 250 4.60 1.16 4.64 0.87%

Target and Measurement SAR after Normalized
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8. EUT Testing Position

8.1 Front-of-face

A typical example of a front-of-face device is a two-way radio that is held at a distance from the face of the user
when transmitting. In these cases the device under test shall be positioned at the distance to the phantom surface
that corresponds to the intended use as specified by the manufacturer in the user instructions (Figure 8a). If the
intended use is not specified, a separation distance of 25 mm between the phantom surface and the device shall be

used.

Test positions for front-of-face devices

8.2 Body Worn Position

Body-worn operating configurations are tested with the belt-clips and holsters attached to the device and
positioned against a flat phantom in a normal use configuration. Per KDB 648474 D04, body-worn
accessory exposure is typically related to voice mode operations when handsets are carried in body-worn
accessories. The body-worn accessory procedures in FCC KDB 447498 DO1 should be used to test for
body-worn accessory SAR compliance, without a headset connected to it. This enables the test results for
such configuration to be compatible with that required for hotspot mode when the body-worn accessory test
separation distance is greater than or equal to that required for hotspot mode, when applicable. When the
reported SAR for body-worn accessory, measured without a headset connected to the handset is < 1.2 W/kg,
the highest reported SAR configuration for that wireless mode and frequency band should be repeated for
that body-worn accessory with a handset attached to the handset.

Accessories for body-worn operation configurations are divided into two categories: those that do not
contain metallic components and those that do contain metallic components and those that do contain
metallic components. When multiple accessories that do not contain metallic components are supplied with
the device, the device is tested with only the accessory that dictates the closest spacing to the body. Then
multiple accessories that contain metallic components are test with the device with each accessory. If

multiple accessories share an identical metallic component (i.e. the same metallic belt-chip used with
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different holsters with no other metallic components) only the accessory that dictates the closest spacing to
the body is tested.

Body Worn Position
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9. Measurement Procedures

The measurement procedures are as follows:

(a) Use base station simulator (if applicable) or engineering software to transmit RF power continuously
(continuous Tx) in the middle channel.

(b) Keep EUT to radiate maximum output power or 100% duty factor (if applicable)

(¢) Measure output power through RF cable and power meter.

(d) Place the EUT in the positions as setup photos demonstrates.

(e) Set scan area, grid size and other setting on the DASY software.

(f) Measure SAR transmitting at the middle channel for all applicable exposure positions.

(g) Identify the exposure position and device configuration resulting the highest SAR

(h) Measure SAR at the lowest and highest channels atthe worst exposure position and device configuration.

According to the 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

9.1 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
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9.2 Power Reference Measurement

The Power Reference Measurement and Power Drift Measurements are for monitoring the power drift of the
device under test in the batch process. The minimum distance of probe sensors to surface determines the
closest measurement point to phantom surface. This distance cannot be smaller than the distance of sensor

calibration points to probe tip as defined in the probe properties.

9.3 Area Scan Procedures

The area scan is used as a fast scan in two dimensions to find the area of high field values, before doing a
fine measurement around the hot spot. The sophisticated interpolation routines implemented in DASY
software can find the maximum found in the scanned area, within a range of the global maximum. The range
(in dBO is specified in the standards for compliance testing. For example, a 2 dB range is required in IEEE
standard 1528 and IEC 62209 standards, whereby 3 dB is a requirement when compliance is assessed in
accordance with the ARIB standard (Japan), if only one zoom scan follows the area scan, then only the
absolute maximum will be taken as reference. For cases where multiple maximums are detected, the number
of zoom scans has to be increased accordingly.

Area scan parameters extracted from FCC KDB 865664 D01 SAR measurement 100 MHz to 6 GHz.

<3 GH7 >3 GGH7
Maximum distance from closest measurement point
: : P 5+ 1 mm Y9:5:1n(2) + 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximum probe angle from probe axis to phantom
) 30°+1° 200+ 1°
surface normal at the measurement location
<2 GHz: <15 mm 3 -4 GHz: <12 mm
2-3GHz: <12 mm 4 -6 GHz: < 10 mm
Maximum area scan spatial resolution: AXayee, AVazea When the x or y dimension of the test device, in the
measurement plane orientation, is smaller than the above,
the measurement resolution must be < the corresponding
x or y dimension of the test device with at least one
measurement point on the test device.
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9.4 Zoom Scan Procedures

Zoom scans are used assess the peak spatial SAR values within a cubic averaging volume containing 1 gram
and 10gram of simulated tissue. The zoom scan measures points (refer to table below) within a cube shoes
base faces are centered on the maxima found in a preceding area scan job within the same procedure. When
the measurement is done, the zoom scan evaluates the averaged SAR for 1 gram and 10 gram and displays

these values next to the job’s label.

Zoom scan parameters extracted from FCC KDB 865664 D01 SAR measurement 100 MHz to 6 GHz.

i GHz 3 GHz
] , , <2 GHz7: < 8 mm I-4GH7: <4 mm’
Meaximum zoom scan spatial resolution: Axzgm. AVze s .
2-3GH7:<5mm 4-6GH7: <4mm
3 4GHz: <4 mm
uniform grid: Azz,,m(n) < 5 1mm 4 5GHz: =3 mm
5-6GHz:<1mm
Maximum zoom scan AZzaom(1): between 3-4GHz: <3 mm
spatial resolution, 1% two points closest <4mm 4-5GHz: <25 mm
noual [0 phantom to phantom surface 5_6GHz <2 mm
surface oraded
arid _
AZZoom(n} L):
belween subsequent = L3 Azgoon(1-1)
points
3-4GHz =28 mm
Minimum zoom scan . - )
X.V.Z =30 mm 4-5GHz: = 25 mm
volume )
5-6GHz: =22 mm

Note: o is the penetration depth of a plane-wave at normal incidence to the tissue mediuun; see draft standard IEEE
P1528-2011 for details.

When zoom scar is required and the reported SAR from the area scan based 1-g SAR estimation procadures of
KDB 447498 15 < 1.4 W/kg, < § mm, < 7mm and < 5 mm zoom scan resolution may be applied, respectively. for

2 GHz (0 3 GHe. 3 GHz (v 4 GHz and 4 GHz lo 6 GHz
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9.5 Volume Scan Procedures

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 simultancous 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.

9.6 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.

Shenzhen Anbotek Compliance Laboratory Limited

Addres

:1/F., Building D, Sogood Science and Technology Park, Sanwei Community, N\ Hotline
: \gdong, China 2/ 400-003-0500
Email: service @ anbotek.com www.anbotek.com



Anbotek

Product Safety
Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 27 of 65
10.Conducted Power
Test Transmitter Power Tune up Power
Channel Test R ,
Modulation Type Frequency High power level High power level
Separation Channel
(MHz) (dBm) (dBm)
Chl 464.5 37.314 37.5
Analog / FM 12.5KHz Ch2 467.8125 37.321 375
Ch3 469.9875 37.432 37.5
Chl 464.5 37.124 37.5
Digtal 12.5KHz Ch2 467.8125 37.167 37.5
Ch3 467.925 37.241 37.5
Note:

1. The high power level adjust by software, without any modification for hardware.
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11.SAR Test Results Summary

General Note:
1. Per KDB 447498 D01v05101, the reported SAR is the measured SAR value adjusted for maximum tune-up
tolerance.
Scaling Factor = tune-up limit power (mW) / EUT RF power (mW), where tune-up limit is the
maximum rated power among all production units.

Max_Calc = SAR_Adju*DC*(P_max/P_cond)

P_max = highest power including turn up tolerance (W)

P_cond_high = highest power in conduct measured (W)

DC = Transmission mode Duty Cycle in % where applicable 50% duty cycle is applied for PTT
operation

SAR_meas. = Measured SAR (W/kg)

< Analog>
Test 50%
. Test Average| Tune-Up . |Power| Measured |Reported
Plot| Position Gap o Scaling . Duty
Frequency | Mode Power | Limit Drift | SARyq SARy4
No. (cm) Factor SARyg4
( MHz) (dBm) | (dBm) (dB) (W/kg) (W/kg)
(W/kg)
Front of face 464.5 Analog | 2.5 | 37.314 37.5 1.005 0.10 0.812 0.816 0.408
#1 | Front of face 467.8125 | Analog | 2.5 | 37.421 37.5 1.002 0.10 0.887 0.889 0.444
Front of face 469.9875 | Analog | 2.5 | 37.332 37.5 1.005 0.05 0.843 0.847 0.423
body-worn 464.5 Analog | 0 37314 37.5 1.005 0.06 1359 0.718 0.359
#2 | body-worn 467.8125 | Analog | 0 37.421 375 1.002 | -0.09 1.561 1.564 0.782
body-worn 469.9875 | Analog | 0 37.332 375 1.005 -0.06 1.551 1.558 0.779
Front of face 464.5 Digital | 2.5 | 37.124 37.5 1.010 0.06 0.921 0.930 0.465
#3 | Front of face 467.8125 Digital | 2.5 | 37.267 37.5 1.006 0.05 0.974 0.980 0.490
Front of face 467.925 Digital | 2.5 | 37.241 37.5 1.007 0.14 0.908 0.914 0.457
body-worn 464.5 Digital | 0 37.124 375 1.010 0.08 1.524 1.539 0.770
#4 | body-worn 467.8125 Digital | 0 37.267 37.5 1.006 | -0.08 1.652 1.662 0.831
body-worn 467.925 Digital | 0 37.241 375 1.007 0.10 1.421 1.431 0.715

SAR Test Considerations Note:

1. Passive body-worn and audio accessories generally do not apply to the head SAR of PTT radios. Head SAR is measured with
the front surface of the radio positioned at 2.5 cm parallel to a flat phantom. A phantom shell thickness of 2 mm is required.
When the front of the radio has a contour or non-uniform surface with a variation of 1.0 cm or more, the average distance of such
variations is used to establish the 2.5 cm test separation from the phantom.

2.  Testing antennas with the default battery:

A. Start by testing a PTT radio with a standard battery (default battery) that is supplied with the radio to measure the head SAR
of each antenna on the highest output power channel, according to the test channels required by the number-of-test-channels

formula in KDB Publication 447498 D01 and in the frequency range covered by each antenna within the operating
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frequency bands of the radio. When multiple standard batteries are supplied with a radio, the battery with the highest

capacity is considered the default battery for making head SAR measurements.

3.  Body SAR is measured with the radio placed in a body-worn accessory, positioned against a flat phantom, representative of the
normal operating conditions expected by users and typically with a standard default audio accessory supplied with the radio.
Since audio accessories, including any default audio accessories supplied with a radio, may be designed to operate with a subset
of the combinations of antennas, batteries and body-worn accessories, when a default audio accessory does not fully support all
the test configurations required in this section for body-worn accessories testing an alternative audio accessory must be selected
to be the default audio accessory for body-worn accessories testing.9  If an alternative audio accessory cannot be identified,
body-worn accessories should be tested without any audio accessory. In general, all sides of the radio that may be positioned

facing the user when using a body-worn accessory must be considered for SAR compliance.
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12.SAR Measurement Variability

SAR measurement variability must be 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. The following procedures are applied to determine if

repeated measurements are required.

1) Repeated measurement is not required when the original highest measured SAR is < 0.80 W/kg; steps 2)
through 4) do not apply.

2) When the original highest measured SAR is > 0.80 W/kg, repeat that measurement once.

3) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the original and first
repeated measurements is > 1.20 or when the original or repeated measurement is > 1.45 W/kg (~ 10% from
the 1-g SAR limit).

4) Perform a third repeated measurement only if the original, first or second repeated measurement is > 1.5 W/kg
and the ratio of largest to smallest SAR for the original, first and second repeated measurements is > 1.20.

The same procedures should be adapted for measurements according to extremity and occupational exposure limits

by applying a factor of 2.5 for extremity exposure and a factor of 5 for occupational exposure to the corresponding

SAR thresholds.

Thus the following procedures are applied to determine if repeated measurements are required for occupational

exposure.

5) Repeated measurement is not required when the original highest measured SAR is <4.00 W/kg; steps 6)
through 8) do not apply.

6) When the original highest measured SAR is > 4.00 W/kg, repeat that measurement once.

7) Perform a second repeated measurement only if the ratio of largest to smallest SAR for the original and first
repeated measurements is > 6.00 or when the original or repeated measurement is > 7.25 W/kg (~ 10% from
the 1-g SAR limit).

8) Perform a third repeated measurement only if the original, first or second repeated measurement is > 7.5 W/kg

and the ratio of largest to smallest SAR for the original, first and second repeated measurements is > 1.20.
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13.Measurement Uncertainty

1 | Repeat 0.4 N 1 1 1 0.4 0.4 9

2 |Probe calibration 7 N 2 1 1 35 3.5 00
3 |Axial isotropy 4.7 R V3| 071 07 1.9 1.9 ©
4 [Hemispherical isotropy 9.4 R V3| 07| 07 3.9 3.9 ©
5 |Boundary effect 1.0 R V3| 1 1 0.6 0.6 ©
6 [Linearity 4.7 R V3 1 1 2.7 2.7 0
7 |Detection limits 1.0 R V3|1 1 0.6 0.6 ©
8 |Readout electronics 0.3 N 1 1 1 0.3 0.3 00
9 |Response time 0.8 R V3|1 1 0.5 0.5 ©
10 [Integration time 2.6 R V3| o1 1 1.5 1.5 ©
11 |[Ambient noise 3.0 R V3 1 1 1.7 1.7 o9)
12 |Ambient reflections 3.0 R V3 1 1 1.7 1.7 0
13 Probe positioner mech. 04 R 5 : : 0.2 0.2 "

restrictions

Probe positioning with

respect to phantom shell

15 [Max.SAR evaluation 1.0 R V3 1 1 0.6 0.6 0
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16 |Device positioning 3.8 N 1 1 1 3.8 3.8 99
17 |Device holder 5.1 N 1 1 1 5.1 5.1 5
18 [Drift of output power 5.0 R V3| 1 1 2.9 2.9 ®©

Phantom and set-up

19 |Phantom uncertainty 4.0 R V3|1 1 2.3 23 %
Liquid conductivit

20 [ 3 5.0 R | v3|064]043| 18 12 o
(target)
Liquid conductivity

21 2.5 N 1 0.64 | 043 1.6 1.2 ©
(meas)
Liquid Permittivit

2n M ¥ 5.0 R [v3|06|04| 17 15 o
(target)

23 [Liquid Permittivity (meas)] 2.5 N 1 0.6 | 0.49 1.5 1.2 0

Combined standard RSS U, = Z c’u/’ 11.4% 11.3% 236

Expanded

B U=ku , k=2 22.8% | 22.6%

uncertainty(P=95%)
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Appendix A. Test Setup Photos

Face-held, the front of the EUT towards phantom (The distance was 25mm)

Body-worn, the front of the EUT towards ground (The distance was 0mm)

Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, @ Hotline
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China. Z_/ 400-003-0500
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Appendix B. Plots of SAR System Check

System Performance Check at 450 MHz Head TSL

DUT: Dipole450 MHz; Type: D450V2; Serial: 1072

Date/Time: Feb. 16, 2023

Communication System: DuiJianglJi; Frequency: 450 MHz;Duty Cycle: 1:1

Medium parameters used (interpolated): f = 450 MHz; = 0.89 S/m; &, = 43.68; p = 1000 kg/m’

Phantom section: Flat Section

DASYS5 Configuration:

Probe: ES3DV3 - SN3292;ConvF(7.12, 7.12, 7.12); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

System Performance Check at 450MHz/Area Scan (61x201x1): Interpolated grid: dx=1.50 mm, dy=1.50 mm
Maximum value of SAR (interpolated) = 1.47 mW/g

System Performance Check at 450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm,
dz=5mm

Reference Value = 41.24 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 1.72 mW/g

SAR(1 g) = 1.16 mW/g; SAR(10 g) = 0.781 mW/g

Maximum value of SAR (measured) = 1.42 mW/g

-1.00
-2.00
-3.00

-4.00

-5.00

System Performance Check 450MHz Head 250mW

Shenzhen Anbotek Compliance Laboratory Limited
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System Performance Check at 450 MHz Body TSL

DUT: Dipole450 MHz; Type: D450V2; Serial: 1072

Date/Time: Feb. 16, 2023
Medium parameters used (interpolated): f =450 MHz; 6 = 0.93 S/m; & = 56.35; p = 1000 kg/m’
Communication System: DuiJianglJi; Frequency: 450 MHz;Duty Cycle: 1:1

Phantom section: Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292;ConvF(7.28, 7.28, 7.28); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

System Performance Check at 450MHz/Area Scan (61x201x1): Interpolated grid: dx=1.500 mm, dy=1.50 mm
Maximum value of SAR (interpolated) = 1.48 mW/g

System Performance Check at 450MHz/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=Smm, dy=5mm,
dz=5mm

Reference Value = 40.34 V/m; Power Drift =-0.11 dB

Peak SAR (extrapolated) = 1.78 mW/g

SAR(1 g) =1.16 mW/g; SAR(10 g) = 0.772 mW/g

Maximum value of SAR (measured) = 1.49 mW/g

-2.00
-4.00
-6.00

-10.00

System Performance Check 450MHz Body 250mW

Shenzhen Anbotek Compliance Laboratory Limited
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Appendix C. Plots of SAR Test Data

Face Held for FM Modulation at 12.5 KHz Channel Separation, Front towards Phantom 467.8125 MHz

Communication System: Customer System; Frequency: 467.8125 MHz;Duty Cycle:1:1
Medium parameters used (interpolated): f=467.8125 MHz; 6 = 0.89 S/m; &, = 43.68 ; p = 1000 kg/m’

Phantom section: Head Section

DASYS Configuration:

Probe: ES3DV3 - SN3292;ConvF(7.12, 7.12, 7.12); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

Area Scan(51x181x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.285 W/kg

Zoom Scan (5x5x6)/Cube 0: Measurement grid: dx=7mm, dy=7mm, dz=Smm
Reference Value = 16.289 V/m; Power Drift = 0.10dB

Peak SAR (extrapolated) = 0.987 mW/g

SAR(1 g) = 0.887 mW/g; SAR(10 g) = 0.686 mW/g

Maximum value of SAR (measured) = 0.975 W/kg

Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, @ Hotline
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China. 2/ 400-003-0500
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Body-Worn FM Modulation at 12.5 KHz Channel Separation, Front towards Ground 467.8125 MHz

Communication System: PTT450; Frequency: 462.725 MHz;Duty Cycle:1:1
Medium parameters used (interpolated): f=462.725 MHz; 6 = 0.93 S/m; &, = 56.35 ; p = 1000 kg/m’

Phantom section : Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292; ConvF(7.28, 7.28, 7.28); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

Area Scan(51x181x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) =1.732 mW/g

Zoom Scan (5x5x6)/Cube 0: Measurement grid: dx=7mm, dy=7mm, dz=5Smm
Reference Value = 46.527 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 1.891 mW/g

SAR( g) =1.561 mW/g; SAR(10 g) = 0.785 mW/g

Maximum value of SAR (measured) = 1.631 mW/g

-1.98
-3.96
-5.95

-7.93
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Face Held for 4FSK Modulation at 12.5 KHz Channel Separation, Front towards Phantom 467.8125 MHz

Communication System: Customer System; Frequency: 467.5625 MHz;Duty Cycle:1:1
Medium parameters used (interpolated): f = 467.5625 MHz; 6 = 0.89 S/m; ¢, = 43.68 ; p = 1000 kg/m’

Phantom section: Head Section

DASYS5 Configuration:

Probe: ES3DV3 - SN3292;ConvF(7.12, 7.12, 7.12); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

Area Scan(51x181x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.552 W/kg

Zoom Scan (5x5x6)/Cube 0: Measurement grid: dx=7mm, dy=7mm, dz=5Smm
Reference Value = 16.784 V/m; Power Drift = 0.05dB
Peak SAR (extrapolated) = 1.057 mW/g

SAR(1 g) = 0.974 mW/g; SAR(10 g) = 0.686 mW/g
Maximum value of SAR (measured) = 1.097 W/kg

-3.34
-6.68
-10.02

-13.36

-16.70
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Body-Worn 4FSK Modulation at 12.5 KHz Channel Separation, Front towards Ground 467.8125 MHz

Communication System: PTT450; Frequency: 462.725 MHz;Duty Cycle:1:1
Medium parameters used (interpolated): f=462.725 MHz; 6 = 0.93 S/m; &, = 56.35 ; p = 1000 kg/m’

Phantom section : Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292; ConvF(7.28, 7.28, 7.28); Calibrated: 01/25/2023;
Sensor-Surface: 2mm (Mechanical Surface Detection)

Electronics: DAE4 Sn387; Calibrated: 09/06/2022

Phantom: ELI 4.0; Type: QDOVAOO1BA;

Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)

Area Scan(51x181x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) =2.237 mW/g

Zoom Scan (5x5x6)/Cube 0: Measurement grid: dx=7mm, dy=7mm, dz=5Smm
Reference Value = 46.255 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 1.951 mW/g

SAR(1 g) =1.652 mW/g; SAR(10 g) = 0.985 mW/g

Maximum value of SAR (measured) = 1.978 mW/g

dB
0

-3.11
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Appendix D. DASYS System Calibration Certificate

Calibration Laboratory of {-*-"L"_'}"** g sc iar K
Schmid & Partner &;} T Servien sisse ditaonnege
Engineering AG Servise ariisern & s

au-gungumu. 8504 Zurich, Switzertand "L@J’ s :mm:-nm
Accreited Dy the Swina Accrmdaanon Servios (SA5) hecraanation Ne.: SCS 0108
The Swias Arcraditstion Servce is one of the signataries bo the EA

Whuitdatersl Agiwemant for the recognition of calibrason cerifestes

Cieet  CIQ-SZ (Auden) Cortificat Mo: E53-3292_Jan1B
|CALIBRATION CERTIFICATE |
Oeypses ES30V3 - SN:32002

Casteatian procedursis) QA CAL-01.48, QA CAL-12.vD, QA CAL-23.v5, OA CAL-25.v6

Caiibration procedure for dosimetric E-fisld probes

Canteatior datn January 25, 2023

Trl b tion Derirloass AEeLrmEnts The FESAERIE 10 Aaliona! plaisnts selharts raalem the pryRicsl wmes of messoemenis (5
Tree measuremonts and e urcersnbes wit confidence probabity are geveen on the foliowng pages and arg pan of (R cerfricane

Kl caitwaliors have boen conducted in I cicsed lstorsiony teolty. snvieonment lempersturs (22 £ 30 snd humady < T0%

Calbabor Equoment wsed (MATE oriscal for calitwaion)

[ Py Btarasns — o [ Cal Dot [Criticaim to | Schedued Calbewion |
| Pows maler AP SN 10477 | A 33 (Mo I T-QSa e Aot

Parwer gorince mrﬂ_ﬂ"_ SN 004 QA 22 M. M T-02E21) A= 23

Piorweter sviicy WILP- 20 SN; 100545 Dd-Agr- 22 (Mo T T-02525) | Agn-23

Referanca 70 o6 ADsnuston SN BEITT (20n) 7 hggr. 22 (Mo, 21 =008 g3

Releronce Prote EBI0V2 BN, 3013 30-Dec-22 fNe. E53-3013_DectTi Dec-27

DAE4L SN 0 It-Dec-22iMe. DAE4-880 DeciT) Dec2¥

Secondary Slandania 3] Gheck Clase {in housal | Scowouied Check

Powsr mets B4 108 BN G THAETE Of-Apr- 33 (e heowrme chck Jun- 18) i Rents ehaek Jun- 23

Power sensor E4L124 5: Mvaab0RT | BE-Apr 23 {in houses Ghich Jun- 18] | In howse chech Jun-23 =
| Power sersor E44124 S) 000110710 DE-Apr- 22 [in owssas chach Jun-16) | In house chegh Jun-7)

R HE BEABC SN: UISIS2U01 IR G- 23 (n Dot chack Jun- 18] in howse chech: Jun. 23

Nestwork Anstyner P BTSIE | BN LEBITIGO5AS 22 D011 [im e ek Ozt 17) In hewae eheck Oce- 23

[y Furston Bagratura =

Calerstnd by, Aui0n Kastrsl Laberaizey Teshnicen W’

Asseoved by Kt Potore Techrical Mavssger /ﬁg [

lagame) Janpry 35 7072

Thes caltyaton cortf cale shall POl De regdoduced emect in Rl sitheut wimseh Soprowal of P labaratary

Carificats Mo: ES3-1292_Jan18 Pags 1ol 11
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Calibration Laboratory of o Sclrasiserischer Kalibesurdse
En ing AG
gimﬂ!:.m R'f%:f s :::h-.unimu
Accradied ty the Swiss Ancrecdkation Saeves (RAS) Acereditation Ne.! SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multibxiersl Agreesment for the recagniton of calibration carRestes

Glossary:

TSL tissue simulating Squid

MNORM= Y. 2 sensitivity in free space

Comf sensitivity in TSL [ NORMx.y.z

DCcP diode compression point

CF crest fagtor (1iduty_cycle) of the RF signal

ABCD modulabion dependent INesrzation paramelsrs

Polarizabon ¢ ¢ rofation arcund probe aods

Polanization § i rotaton around an axis that i in tha plang nosmal 1o probe aods [l measwrament canter).
i@, 8 =0 = normal to probe axis

Connecior Angle information used in DASY system to align probe sensor X to the robot coordinate syslem

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determuning the Peak Spatial-Avaraged Specic
Apgorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measuroment
Techniques®, Jura 2013

) 1EC GEaie-1, ©, "Measuremen] procedures o e assessemenl of Spechic Absepbon Male (SAR) from nand-
held and body-mounted devices used naxt 1o the ear (frequency range of 300 MHz to & GHz)", July 2016

¢} |EC B2208-2. "Procedure io determing the Specific Absorption Raie (SAR) for wireless communication devices
uied N clako prammity 10 the hisman body (frequency ranga of 30 MHz to & GHz|", March 2010

dy KDB 865664, “SAR Measurermen! Reguiremenis for 100 MHz to 6 GHz

Methods Applied and Interpretation of Parameters:

=  NORMYx.y, - Assessed lor E-field polarization 8 = 0 (1 = 900 MHZz in TEM-call; f > 1800 MHz: R22 waveguide)
NORMx.y.2 are only intermediate values, Lo , the uncertainties of NORMz,y.z does not afect the E”-field
umcertainty inside TSL [see below ConvF)

*  NORMEy r = NORMY Y.z * frequency_response (see Frequency Response Chart), Ths linsanzation
Implemented in DASY4 software versions later than 4_2. The uncertainty of the frequency response & incleded
in the stated uncerainty of CanvF,

« DCPx.y.z DGP are numercal 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
charpcieoristics

s Axyr Beyz Cryr Dwyr VReyr A B C Dare numencal linsarization paramelars assessed based on
the data of power sweep for spacific modulation signal, The paramelers do nol depend on frequency nar
maedia. VR is the maximum calibration range expressed in RMS voltage across the diode.

s ConviF and Boundary Effect Parametors. Assessed in Mat phantom using E-Neld (or Tempaerature Transfar
Standard for f < B00 MHz) and inside waveguide using analytical field distributions based on power
measuEments for £ = 800 MHZ The Same SSps Bre used for SSSeESMent of I PEMaMEWers appied for
boundary compensation (alpha, depth] of which typical uncertainty values ono given. Those paramelers are
usad in DASYY saftware to improve probe sccuricy clase bo the boundary. The senallivity in TSL comespands
to NORM,y,z * ComvF whersby the uncertainty cormesponds to that given for Com®, A frequency depandant
ConvE is used in DASY version 4.4 and higher which aflows extending the valdity from + 50 MHE 1o £ 100
MHz

= Spherical isclropy (3D deviabion from isotropy): in a field of low gradients reakzed using a flat phantom
ouposed by a patch antenna.

« Sensor Offsel: The sensor offsst comesponds 1o the offset of virual messurement center from the probe tip
{on probe aos), Mo tolerance required.

= Connecior Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Canifizale Mo ES3-1292_Jan1a Pago 2 of 11
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ES3DVI - Sh:3202 January 25, 2018

Probe ES3DV3

SN:3292

Manufactured:  July 6, 2010
Calibrated: January 25, 2023

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ systeml)

Certificalo Mo: ES3-1282_Jan18 Page 3 of 11
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ES3DV3- SN.3282

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters

FCC ID: 2BALF-HELEN228

Page 43 of 65

Sensor X I Sensor ¥ Sensor Z Unc (k=2) |
Norm (WWi(Vim]) 0.95 0.96 0.93 £101% |
DCP (mV)® 104.2 107.6 112.3 |
Modulation Calibration Parameters
Ui | Communication System Name A | B | ¢ D VR Unc
- - dé | dBvpv 4B myv | (=)
o | G - X 0o | 00D 10 | 000 | 1915 | #33%
i ) ¥ 0.0 0.0 w0 | | 88 |
| F4 0.0 0.0 1.0 | 180.2

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 o a coverage
probability of approximately 85%.

:ﬁumﬂﬁﬁm W¥.F o not et the E'-Seid uncertainty insde TSL (see Pages 5 and 6)
MNumirncal imesrization parameter uncertanty nof requinsd

* Uncertanty & cetrmingd using T max. devialion from inear response applying rectangular dstribuion and i axpressed for the souane of tha

Feld value.

Shenzhen Anbotek Compliance Laboratory Limited
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ES30V3- SN3262

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

| . Relative | Conductivity | Depth® Une
[(MHz)® | Pormittivity [Sim) | ConvFX | ComFY | ConvFZ | Alpha® | (mm) k=2)
| |
| 150 52.3 076 | 785 7.85 785 | 0.04 120 | 2£133%
' |
| 450 435 087 | T2 7.12 7.12 0.18 1.20 +13.3%

* Frequancy vabdty abaws 200 MHz of 1 100 Mz orly apples for DASY wi 4 and highee (see Page 3] else it s restricied bo 1 50 Mz The
urCertaendy s tha RS3 of the ConvF uncertaimy st calibratan frequency and tha uncenarty 1or tha indcsled fregusncy bard Frequsncy vakdiy
beiow 300 MHz i = 10, 25, 40, 50 and 70 MHz for CorvF sssessments at 30, 64, 128, 150 and 220 MHz respectively. Above 5 GHz frequancy
:M;mnemmm: 110 WMz

AL FR0uanCiEs beiicnn 3 GHz, the varichity of tasue paramaters (& and o) can be relaned 1o = 10% ¥ iousd compensation formula & aopled to
measured SAR values. At froquencies above 3 GHZ, the validity of lissus parameters (o and o) & restncied io 1+ 5% The uncertairty is the RSS of
E-Gum!-umm for indhcaied target Besue pararmatens

Alpha/Depth are detammingd during caliwation. SPEAG warrants that the remaning téwiahion dus ko B boundary sfiect sller compansatan
Hwi lees than & 1% for frequences Balow 3 GH2 9nd Balsw * 2% for Fequencies bataean 1.5 GHz al any Stancs Larger Man hat the prods 1o
Champter ITom e Doundany

Cartificata Nov FRAA292_. laniR Eage S of 11
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ES30V3- SN-3292

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity | Depth®™ Une
f(MHZ)® | Permittivity" (8'm)" ConvFX | ComvFY | ConvFZ iﬂﬂ-‘i (mm) | (k=2) |
150 61.9 0.80 7.59 7.59 750 | 0.04 1.20 £13.3 %

| | |
450 56.7 0.94 7.28 7.28 728 | 012 | 120 | £133%

© Fraquency validity sbove 300 Wiz of = 100 Mz only spoiies for DASY v4.4 and higher (sae Page 2), 8150 1f & resiricad 1 & 50 MHz, The
uncertanty i e R55 of the ConvF uncertanty at calbraton feguency and the uncerarny for the indcated frequincy Band Frogquindy valily
Beticrw 300 Wiz iz # 10, 25, 40, 50 and TO Mz for Cornf assesamonts ot 10, 64, 128, 150 and 220 MHz respectvely. Above § GHz frequency
waldity can Da exdendsd 1o & 110 Mz

" Al frequencies betow 3 GHz, 1h vaildity of tsue paramesers (c and ) can be imed 19 + 10% if Igud compensation formuta is appied 1
rreasured SAR values. Al lequencies sbove 3 GHz, the valldity of lissus parametens (v and o) & restncied o ¢ 5% The uncertainty & the RSS of
1he ConwF urcirtainty for indicated targel basus parameters

" AlphaDapth aré determined dunng calbration SPEAG warrants that the remaning deviahon due to tha boundary sMact afler compantation &
aheays bess than = 1% for frequencies below 3 Gz and biow 2 2% 1or frequencied betereen 3-8 Gz a1 any dstance larger than half the probe 1p
diamatar fom the boundary
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ES30WV3- 5N:3202

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)

Corlibcate No: E23.3202_Jan18 Page 7 of 11

Shenzhen Anbotek Compliance Laboratory Limited

Address: 1/F., Building D, Sogood Science and Technology Park, Sanwei Community, @ Hotline
Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China. 2/ 400-003-0500
Tel:(86) 755-26066440  Fax: (86) 755-26014772 Email: service@anbotek.com www.anbotek.com




Anbotek

Product Safety

Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 47 of 65

ESA0VI- EN-3202

Receiving Pattern (¢), 9 = 0°

f=600 MHz, TEM f=1800 MHz,R22
" N LA L ne . K .E- a t -l'
. . . . -
Ten X ¥ 2 Toe X ¥ I

Ervor [48]

85+
-. L - L 1 f - i i - i . i i i i - i
=150 =Bl ] O =0 i 1] 150
R[]
[] ¥
Lfg't. ec;!-: ".-II'J-I: 1—;55".4-
Uncertainty of Axial Isotropy Assesament: £ 0.5% (k=2)
Centificate No: E53-3292_Jan18 Page Bol 11
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ES30VI- SN 2202

Dynamic Range f(S ARead)
(TEM call , fo.= 1900 MH2)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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ESIOV3- SN.I3292

Conversion Factor Assessment

= 450 MHz WGLS Flal Phantom 4.4 f= 450 MHz \WGLS Flat Phamom 4.4

S LA P

ALF [t s

. L3
i Wi s

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

bdoood
-

Labo
ooe@®*

-10 08 -08 D4 02 00 02 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: 2 2.6% (k=2)
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ES30VI- SN:3292

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Other Probe Parameters
Sensor Arrangement Triangular l
Connector Angle (°) 39.1 |
Mechanical Surface Detection Moda I enablad
Optical Surface Detection Mode D "~ dmabled
i Probe Overall Length o ) - 337 mm
Probe Body Diameter 10 mm |
K" Lestgth 10 mm I
Tip Diamster 4 mm
Frobe Tip to Sensor X Calibration Paint 2mm
Probe Tip to Sensor Y Calibrabon Point 2 mm
Probe Tip to Sensor Z Calibration Point Zmm
"Recommended Measurement Distance from Surface 3mm |
Contificate No: ES3-3202_Jan18 Page 11 of 11
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Sehmid & Partner Enginearing Al s E e a g_

Toughausstraase 43, 8004 Zurich, Switzerdand
Phong +41 44 245 9700, Fax +41 44 245 3779
infe@speag.com, MHpiwwe SpEsED.Com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precisian 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 closed 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
ingide.

E-Stop Failures: Touch detection may be malfunctioning due to broken magrets in the E-stop. Rough handling
of the E-stop may lzad to damage of these magnets. Touch and collision erors are often caused by dust and dirt

accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in & non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual ealibration. 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 orlented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

Shenzhen Anbotek Compliance Laboratory Limited
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Hangcheng Street, Bao'an District, Shenzhen, Guangdong, China. Z_/ 400-003-0500
Tel:(86) 755-26066440  Fax: (86) 755-26014772  Email: service@anbotek.com www.anbotek.com




Anbotek

Product Safety

Report No.: 18220WC20061001 FCC ID: 2BALF-HELEN228 Page 52 of 65

Calibration Laboratory of N2

N

Schmid & Partner S
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

o

i,

)

HACNR
7
Yo

s

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

Client Anbotek (Auden)

CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: DAE4-387_Sepi0

Object DAE4 - SD 000 D04 BM - SN: 387

Calibration procedure(s)

QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Calibration date:

September 06, 2022

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
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 15-Aug-22 (Ne:21092) Aug-23

Secondary Standards 1D # Check Date (in house) Scheduled Check

Auto DAE Calibration Unit SE UWS 053 AA 1001  05-Jan-22 (in house check) In house check: Jan-23

Calibrator Box V2.1 SE UMS 006 AA 1002  05-Jan-22 (in house check) In house check: Jan-23
Name Function Signature

Calibrated by: Dominique Steffen Laboratory Technician @\

Approved by: Sven Kihn Deputy Manager

& Lo

Issued: September 06, 2021

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

Certificate No: DAE4-387_Sep10 Page 1 of 5
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Schmid & Partner iﬂﬁ“‘z”fﬁ Rt
Engineering AG e G Servisto mizmen o Grwins
Zoughausstrasse 43, 6004 Zurich, Switzortand % .{,ﬁ“:‘,‘ﬁ? S Swiss Calieation Service
Apcrediles] by the Swess Accroditation Sendce (SAS) Accreditation Me.: SCS 0108

The Swiss Accreditation Service is one of the signatories lo the EA
Multilateral Agreement for the recognition of callbration certificates

Glossary

DAE data acquisition electronics

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

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

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

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

s DO Vaftqge Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measuremeant.

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

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

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

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

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

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

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

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

Certificate No: DAE4-387_Sep10 Paga 3ol &
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DC Voltage Measurement
ASD - Converter Resclution nominal

High Range: 1LSB = BV, full range = -100...+300 mV
Low Range: 1LSE = BinV, full ramge = -1.......+3mV
DASY measurement parameters: Auta Zero Time: 3 sec: Measuring time: 3 sec
Calibration Factors X Y Fi
High Range 404.480 £ 0,02% (k=2) | 404.852 + 0.02% (k=2) | 404.B62 + 0.02% (k=2)
l Low Range 3.97827 + 1.50% (k=2) | 3.95875 + 1.50% (k=2) | 3.97982 + 1.50% (k=2)
Connector Angle
| Connector Angle to be used in DASY system 53.0%+1° _I
Cadificate No: DAE4-387_Sep10 Page 3oi &5
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (pV) Ditference (uV) Error (%)
Channel X + Input 200032 .85 3.3 -0.00
Channal X + Input 2000764 1.88 0,01
Channel X = Input -20003.48 1.18 =0.01
Channel ¥ + Input 200034 23 -1.43 -0.00
Channel ¥ + Input 2000660 0.91 0,00
Channel ¥ = Inpurt -20004.04 0.72 -0.00
Channel Z + Input 20003538 -0.83 <0.00
Channel £ + Input 20003.69 211 -0.m
Channel 2 = Input -20006_38 -1.59 0.0
Low Range Reading (u¥) Difference (uV) Error (%)
Channel X + Input 2001.63 0.08 0.00
Channel X + Input 202.29 0.70 0.35
Channel X - Input -1897.80 0.60 -0.30
Channel ¥ + Input 2001.33 -0.07 -0.00
Channel ¥ + Input 200.86 .60 «0.30
Channel Y = Input -188.87 =123 062
Channel Z + Input 2001.61 027 0.01
Channel Z + Input 200,80 -0.70 -0.35
Channel Z - Input -199.51 -0.85 0.43
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (m\V) Average Reading (V) Average Reading (uV)
Channel X 200 13.50 11.58
- 200 -B.64 -11.18
Channel ¥ 200 -0.81 -1.28
- 200 1.05 0.09
Channel Z 200 TA7 6.91
- 200 -B.45 -0
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (V)
Channel X 200 - -1.70 0.33
Channel ¥ 200 10.70 -0.38
Channel Z 200 711 7.89
Carlificate No: DAE4-387_SepiD Page 4 ol 5
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4. AD-Converter Values with inputs shorted

DASY measuremant pararmitars: Aulo 7

FCC ID: 2BALF-HELEN228

oo Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15268 17466
Channel ¥ 15661 16162
| Channel Z 15880 16130

Page 56 of 65

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

Impat 10ME
Average (uV) min, Offset (uV) | max. Otset (uV) S, D’:‘"'“"
Channel X 0.73 -2.58 329 0.62
Chaninel ¥ 0.41 0.4 1.23 0.40
Channel Z -0,80 -1.88 0.30 042
6. Input Offset Current
Mominal Input circuitry offset current on all channels: <25iA
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200

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

Typical values Alarm Lewel (VDC)
Supply (+ Vee) +7.8
Supply |- Vee) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mua) Transmitting (mA)
Supply (+ Vec) +0.01 ] +14
Supply (- Vec) -0.01 ] |
Cerificate No: DAE4-387_Sepi0 Page 5a0i 5
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Accrodited by tho Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multlisteral Agreement for the recognition of calibration cerdificates

Accreditation No.: SCS 0108

client  CIQ-SZ (Auden) Certificats No: D450V3-1079_Aug19
[CALIBRATION CERTIFICATE ]
Otject D4a50V3 - SN 1079
Cabibration procedure(s) QA CAL-15.v8

Calibration procedure for dipole validation kits below 700 MHz

Calibration date:

August 29, 2022

This calibration certilicate documents the traceability 1o national standards, which realize the physical units of measuremants (S1),
The measuremants and tha unconainties with confidence probability are ghven on the following pages and are part of the cerificate.
All calibrations have been conducted in the closed laboratory facility. environment lempearaturs (22 = 3)°C and humidity < 70%.

Cabration Equipment used (M&TE critical for calibration)

Primary Standands 0 # Cal Date (Canificata No.) Schadulod Calibration

Power metar NAP SN: 104778 0B-Apr-18 (Mo, 217-02288/02283) Apr-21

Powar sansor NAP-281 SN: 103244 0B-Apr-19 (Mo, 217-02288) Apr-21

Powar sansor NRP-791 SN: 103245 DE-Ape-18 (Mo, 217-02288) Apre-21

Reference 20 dB Attenuator SN: 27T (20x) 05-Ape-13 [No. 217-02253) Apr-21

Type-M mismaich combination SN 5047.2/ 08327  05-Ape-19 (No. 217-02295) Apr-21

Reference Probo ETIDVE SN: 1507 31-Dec-18 (No. ET3-1507_Dec18) Dec-21

DAE4 SN: 654 12-Aug-15 (No. DAE4-854_Aug16) Aug-21

Secondary Standards ID# Check Date (in housa) Seheduled Check

Pewor mater E44108 SN: GB41203874 0E-Apr18 (No. 217-02285/02284) In house check: Jun-22

Powar sensor E44124 SN: MY41485087 06-Apr-18 (No. 217-02285) In house check: Jun-22

Powar sansor E44124 SH: 00O110210 0B-Apr-18 (No. 217-02284 In house chack: Jun-22

AF genorator HP Bo48C SM: US3842U017T00  (d-Aug-18 (in house check Jun1B) In house check: Jun-22

Natwork Anatyzer HP 8753E SM: US3T300585 18-0ct-01 (in house chack Ocl-18) In house check: Oct-22
Nama Function Signature

Calibrated by: Jaton Kastratl Laboratory Technician q". LM

Approved by, Katja Pokovic Technical Manager

AL

Isswod; August 30, 2022

This calibwation certificate shall not be reproduced except in full without wiithen approval of the laboratory.

Certificate No: D450V3-1079_Aug1s
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Calibration Laboratory of SO, Schwelzerischer Kalibrierdionst
Schmid & Partner ;%’E g Service suisse d'élalonnage
Engineering AG 5 = Servizio svizero di taratura
Zeughaussirasse 43, 8004 Zurich, Switzerland 7N S  swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation Ne.: SCS 0108

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

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

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

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

c) IEC 62208-2, "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 GHZ"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
» Measurement Conditions: Further details are available from the Validation Report at the en
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

s 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 orented
parallel to the body axis.

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

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

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate thy
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 Mo: D4S0V3-1079_Aug 19 Paga 2 ol B
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Measurement Conditions
DASY system configuralion, as far as not given on page 1.
DASY Version DASYS V52 88
Extrapolation Advanced Extrapolation
Phantom ELI4 Flal Phantom Shell thickness: 2 £ 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 450 MHz + 1 MHz

Head TSL parameters
The following paramelers and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 43.5 0.87 mha/m
Measured Head TSL parameters (22.0=0.2)°C 44326 % 0.89 mho/m =6 %
Head TSL temperature change during test <05°C oS s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditicn
SAR measured 250 mW input power 1.16 Wikg
SAR for nominal Head TSL parameters nommalized to 1W 4,568 Wiy = 18.1 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 0.775 Wikg
SAR for nominal Head TSL parameters normalized to 1W 3.06 Wikg = 17.6 % (k=2)
Body TSL parameters
The following parameters and calculations were appliad.
Temperature Parmittivity Conductivity
Nominal Body TSL parameters 22.0°C 56.7 0.84 mho/m
Measured Body TSL parameters (22.0£02)"C 567 +6 % 0.85 mho/m = 6 %
Body TSL temperature change during test <0.5°C cane -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 1.16 Wikg
SAR for nominal Body TSL parameters normalized to 1W 4.60 Wikg £ 18.1 % (k=2)
SAR averaged over 10 em’ (10 g) of Body TSL condition
SAR measured 250 mW input power 0.764 Wikg
SAR for nominal Body TSL paramaters nomalized to 1W 3.03 Wikg = 17.6 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5800-29i0
Retum Loss -22.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 561401-58[Q
Retum Loss --220dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.348 s

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpaint 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 dipale. The antenna is therefore shon-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 March 03, 2011
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DASYS5 Validation Report for Head TSL

Date: 29.08.2
Test Luboratory; SPEAG, Zurich, Switzerland
DUT: Dipole 450 MHz; Type: D450V3; Serial: D450V 3 - 5N: 1079

Communication System: UID 0 - CW; Frequency: 450 MHz .
Medium parameters used: f = 450 MHz; 6 =0.89 S/m; & = 44.3; p = 1000 kg/m
Phantom section: Flat Section

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

DASY352 Configuration:
= Probe: ET3DV6 - SN1507; ConvF(6.58, 6.58, 6.58); Calibrated: 31.12.2018;
¢  Sensor-Surface: 4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn654; Calibrated: 12.08.2019
« Phantom: ELI v4.0; Type: QDOVAODIBB; Serial: TP: 1003

» DASYS5252.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 39.87 Vim; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 1.69 Wikg

SAR(I g) = 1.16 W/kg; SAR(10 g) = 0.775 W/kg

Maximum value of SAR (measured) = 1.26 W/kg

-2.00
-4.00
-6.00

-8.00

-10.00

0dB = 1.26 W/kg = 1.00 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 29.08.2022

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 450 MHz D450V 3; Type: D450V 3; Serial: D450V3 - SN:1079

Communication System: UID 0 - CW; Frequency: 450 MHz

Medium parameters used: f = 450 MHz; o = 0.95 S/m; & = 56.7; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

Probe: ET3DV6 - SN1507; ConvF(6.99, 6.99, 6.99); Calibrated: 31.12.2018;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn654; Calibrated: 12.08.2019

Phantom: ELI v4.0; Type: QDOVAQ01BB; Serial: TP:1003

DASYS52 52.8.8(1258); SEMCAD X 14.6.10(7372)

Dipole Calibration for Body Tissue/d=15mm, Pin=250mW/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 37.17 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 1.82 Wikg

SAR(1 g) = 1.16 W/kg: SAR(10 g) = 0.764 W/kg

Maximum value of SAR (measured) = 1.24 W/kg

-2.00

-4.00

-6.00

-8.00

-10.00

0dB = 1.24 Wikg =0.93 dBW/kg
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Impedance Measurement Plot for Body TSL
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