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1. TEST STANDARDS

The tests were performed according to following standards:

FCC 47 Part 2.1093 Radiofrequency Radiation Exposure Evaluation:Portable Devices

IEEE Std C95.1, 1999: IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 KHz to 300 GHz.

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

KDB 865664 D01 SAR Measurement 100 MHz to 6 GHz v01r04: SAR Measurement Requirements for 100
MHz to 6 GHz

KDB 865664 D02 RF Exposure Reporting v01r02: RF Exposure Compliance Reporting and Documentation
Considerations

KDB 447498 D01 General RF Exposure Guidance v06: Mobile and Portable Device RF Exposure Procedures
and Equipment Authorization Policies

KDB :643646 D01 SAR Test for PTT Radios v01r03l: SAR Test Reduction considerations for occupational
PTT radios
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Product Description

Product Name:

Multi-mode Radio

Brand name: | Hytera
Model Name.: | PDC760 V1B1
Series Model: | N/A
FCC ID: | YAMPDC760V1B1
DTM Description: | N/A

Device Category:

Production unit

Exposure Category:

GENERAL POPULATION/UNCONTROLLED EXPOSURE

Frequency Range:

136 MHz~174 MHz

Test Frequnecy:

136.05 MHz (Low), 155.05 MHz(Middle), 173.95 MHz(High)

Modulation Technique:

FM(Analog), 4FSK(Digital)

Channel Separation:

12.5KHz & 25KHz for FM; 12.5KHz for 4FSK

Operating Mode:

Maximum continuous output

Conducted RF Power:

36.7dBm(Maximum)

Power Source:

DC 7.6V, 2900mAh Li-ion battery which charged by MCU Charger
MCU Charger

Model: CH20L08

Input: DC 12V, 2000mA

Output: DC12V, 2000mA

AC Adapter

Model: HKA02412020-XG

Input: AC 100-240V, 50/60Hz, 0.8A
Output: DC 12V, 2A

Test Voltage:

7.6V DC Li-ion battery

Normal Operation:

Face Up and Body-worn
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The maximum results of Specific Absorption Rate (SAR) found during testing for PDC760 V1B1 are as
follows (with expanded uncertainty 20.4%)

Table 1:Max. SAR Measured(1g)

FCC
Mode Chann_el Frequency Position Maximum Report SARiy Results (W/KQ)
Separation (MHz) 100% duty cycle 50% duty cycle
Digital/4FSK 12.5KHz 173.05 Face-held 0.11 0.06
Digital/4FSK 12.5KHz 155.05 Body-Worn 0.34 0.17
Limit Value 8 W/Kg
Test Verdict Pass

Note: This device is in compliance with Specific Absorption Rate (SAR) for Occupational /uncontrolled
exposure limits 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.

2.3.

Power supply system utilised

Equipment under Test

Power supply voltage

O|110V /60 Hz

O|115V / 60Hz

@® 76V DC

0|24V DC

O| Other (specified in blank below)

2.4.

EUT operation mode

The spatial peak SAR values were assessed for Hytera systems. Battery and accessories shell be specified
by the manufacturer. The EUT battery must be fully charged and checked periodically during the test to

ascertain uniform power output.

2.5.  EUT configuration
The following peripheral devices and interface cables were connected during the measurement:
Accessory Int.e.rnal_ Model Description Remark
name Identification
Antenna Al N/A External Antenna performed
Battery Bl N/A Intrinsically Safe Li-ion Battery performed

AE ID: is used to identify the test sample in the lab internally.
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3. TEST LOCATION

Company: SGS-CSTC Standards Technical Services Co., Ltd. Shenzhen Branch

Address: No. 1 Workshop, M-10, Middle section, Science & Technology Park, Shenzhen,
Guangdong, China

Post code: 518057

Telephone: +86 (0) 755 2601 2053
Fax: +86 (0) 755 2671 0594
E-mail: ee.shenzhen@sgs.com

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx and, for
electronic format documents, subject to Terms and Conditions for Electronic Documents at http://www.sgs.com/en/Terms-and-Conditions/Terms-e-Document.aspx. Attention is drawn to the limitation of
liability, indemnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention
only and within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents. This document cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the
content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Unless otherwise stated the results shown in this test report refer only to the sample(s)
tested and such sample(s) are retained for 30 days only.


http://www.sgs.com/en/Terms-and-Conditions.aspx
http://www.sgs.com/en/Terms-and-Conditions/Terms-e-Document.aspx
mailto:ee.shenzhen@sgs.com

.:.«:_--nl SGS-CSTC Standards Technical Services Co., Ltd.
e Shenzhen Branch

Report No.: SZEM180200129909
Page: 8 of 64

4. TEST ENVIRONMENT

4.1. Address of the test laboratory

The testing and technology center for industrial products.
No.149, 7t Industry Road, Shekou, Nanshan District, Shenzhen, Guangdong, China

4.2. Environmental conditions

During the measurement the environmental conditions were within the listed ranges:

Temperature: 20-24° C
Humidity: 40-65 %
Atmospheric pressure: 950-1050mbar

4.3. SAR Limits
FCC Limit (1g Tissue)

SAR (W/kg)
= mesuie Line (General Population / (Occupational /
Uncontrolled Exposure Controlled Exposure
Environment) Environment)
Spatial Average
0.08 0.4
(averaged over the whole body)
Spatial Peak
. 1.60 8.0
(averaged over any 1 g of tissue)
Spatial Peak
. 4.0 20.0
(hands/wrists/feet/ankles averaged over 10 g)

Population/Uncontrolled Environments are defined as locations where there is the exposure of individual who
have no knowledge or control of their exposure.

Occupational/Controlled Environments are defined as locations where there is exposure that may be incurred
by people who are aware of the potential for exposure (i.e. as a result of employment or occupation).
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4.4. Equipments Used during the Test

Calibration
Test Equipment Manufacturer | Type/Model | Serial Number Last Calibration
Calibration Interval
Data Acquisition SPEAG DAE 4 910 2017/07/13 1

Electronics DAEXx
E-field Probe SPEAG ES3DV3 3292 2018/01/25 1
System Validation

Dipole CLA150 SPEAG CLA150 4019 2016/02/11 3
Network analyzer Agilent N9923A JD463 2017/09/05 1
Dielectric Probe Kit Agilent DAK-3.5 1038 2016/08/25 3
Power meter Agilent N1914A MY52090010 2017/03/20 1
Power sensor Agilent E9304A MY52140008 2017/03/20 1
Signal generator RS SMB100A 175248 2017/09/02 1
Amplifier Mini-Circuits ZHL-42W QA1202003 2017/11/27 1
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5. SAR Measurements System configuration

5.1. SAR Measurement Set-up

The DASY5 system for performing compliance tests consists of the following items:

A standard high precision 6-axis robot (Staubli RX family) with controller and software. An arm extension
for

accommodating the data acquisition electronics (DAE).

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

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

A unit to operate the optical surface detector which is connected to the EOC.

The Electro-Optical Coupler (EOC) performs the conversion from the optical into a digital electric signal of
the DAE. The EOC is connected to the DASY5 measurement server.

The DASY5 measurement server, which performs all real-time data evaluation for field measurements and
surface detection, controls robot movements and handles safety operation. A computer operating Windows
2003.

DASYS5 software and SEMCAD data evaluation software.

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

The generic twin phantom enabling the testing of left-hand and right-hand usage.

The device holder for handheld Mobile Phones.

Tissue simulating liquid mixed according to the given recipes.

System validation dipoles allowing to validate the proper functioning of the system.
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5.2. DASY5 E-field Probe System

The SAR measurements were conducted with the dosimetric probe EX3DV4 (manufactured by SPEAG),
designed in the classical triangular configuration and optimized for dosimetric evaluation.

Probe Specification

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

Calibration ISO/IEC 17025 calibration service available.

Frequency 10 MHz to 4 GHz;
Linearity: + 0.2 dB (30 MHz to 4 GHz)

Directivity + 0.2 dB in HSL (rotation around probe axis)
+ 0.3 dB in tissue material (rotation normal to probe axis)

Dynamic Range 5 UW/g to > 100 mW/g;
Linearity: + 0.2 dB

Dimensions Overall length: 337 mm (Tip: 20 mm)
Tip diameter: 3.9 mm (Body: 12 mm)
Distance from probe tip to dipole centers: 2.0 mm

Application General dosimetry up to 4 GHz
Dosimetry in strong gradient fields
Compliance tests of Mobile Phones

Compatibility DASY3, DASY4, DASY52 SAR and higher, EASY4/MRI

Isotropic E-Field Probe

The isotropic E-Field probe has been fully calibrated and assessed for isotropicity, and boundary effect within
a controlled environment. Depending on the frequency for which the probe is calibrated the method utilized
for calibration will change.

The E-Field probe utilizes a triangular sensor arrangement as detailed in the diagram below:
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5.3. Phantoms

Phantom for compliance testing of handheld andbody-mounted wireless devices in the frequency range of 30
MHz to 6 GHz. ELI isfully compatible with the IEC 62209-2 standard and all known tissuesimulating liquids.
ELI has been optimized regarding its performance and can beintegrated into our standard phantom tables. A
cover prevents evaporation ofthe liquid. Reference markings on the phantom allow installation of thecomplete
setup, including all predefined phantom positions and measurementgrids, by teaching three points. The
phantom is compatible with all SPEAGdosimetric probes and dipoles.

ELI Phantom

5.4. Device Holder

The device was placed in the device holder (illustrated below) that is supplied by SPEAG as an integral part
of the DASY system.

The DASY device holder is designed to cope with the different positions given in the standard. It has two
scales for device rotation (with respect to the body axis) and device inclination (with respect to the line
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between the ear reference points). The rotation centers for both scales is the ear reference point (ERP). Thus
the device needs no repositioning when changing the angles.

Device holder supplied by SPEAG
5.5. Scanning Procedure

The DASYS5 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks. All test
positions (head or body-worn) are tested with the same configuration of test steps differing only in the grid
definition for the different test positions.

The “reference” and “drift” measurements are located at the beginning and end of the batch process. They
measure the field drift at one single point in the liquid over the complete procedure. The indicated drift is
mainly the variation of the DUT’s output power and should vary max. £ 5 %.

The “surface check” measurement tests the optical surface detection system of the DASY5 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the results.
The output gives the detecting heights of both systems, the difference between the two systems and the
standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to separation of the
sugar-water mixture gives poor repeatability (above + 0.1mm). To prevent wrong results tests are only
executed when the liquid is free of air bubbles. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe (It does not depend on the surface
reflectivity or the probe angle to the surface within £ 30°.)

Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values before running a
detailed measurement around the hot spot.Before starting the area scan a grid spacing of 15 mm x 15 mm is
set. During the scan the distance of the probe to the phantom remains unchanged. After finishing area scan,
the field maxima within a range of 2 dB will be ascertained.
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<3 GHz >3 GHz
Maximum distance from closest measurement point .
) . o ) o p ) Smm+ 1 mm ¥-6-1n(2) mm + 0.5 mm
(geometric center of probe sensors) to phantom surface
Maximum probe angle from probe axis to phantom 30° & 1° 20° & 1°
. o T & T
surface normal at the measurement location
<2GHz:<15mm 3—-4GHz: <12 mm
2-3GHz: £ 12 mm 4 -6 GHz: <10 mm
. ] L . _ When the x or v dimension of the test device, in the
Maximum area scan spatial resolution: AXarea, AVArea v : o
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.

Zoom Scan

Zoom Scans are used to estimate the peak spatial SAR values within a cubic averaging volume containing 1
g and 10 g of simulated tissue. The default Zoom Scan is done by 7x7x7 points within a cube whose base is
centered around the maxima found in the preceding area scan.

<2 GHz: <8 mm 3-4GHz <5mm"
4-6GHz: <4 mm"
3—-4GHz: <4 mm
uniform grid: AzZzeem(nn) <5 mm 4 —-5GHz: <3 mm
5—-6GHz: <2 mm

Maximum zoom scan spatial resolution: AXzeom, A¥Zoom

Maximum zoom

scan spatial L\Zzoom(L)i_ between 3- 4,GHZ: <3 mm
resolution. normal to 1** two points closest <4 mm 4-5GHz: <25 mm
phantom surface graded | to phantom surface 5-6 GHz: <2 mm
grid
AZzoom(n>1):
between subsequent < 1.5-AZzoom(n-1) mm
points

Minimum zoom g 4 .
scan volume R T

Note: ¢ is the penetration depth of a plane-wave at normal incidence to the tissue medium: see IEEE Std
1528-2013 for details.
When zoom scan is required and the reported SAR from the area scan based 1-g SAR estimation procedures of
KDB Publication 447498 is =< 1.4 W/kg, < 8 mm, < 7 mm and < 5 mm zoom scan resolution may be applied,
respectively, for 2 GHz to 3 GHz, 3 GHz to 4 GHz and 4 GHz to 6 GHz.

Spatial Peak Detection

The procedure for spatial peak SAR evaluation has been implemented and can determine values of
massesof 1g and 10g, as well as for user-specific masses.The DASY5 system allows evaluations that
combine measured data and robot positions, such as: ¢ maximum search ¢ extrapolation ¢ boundary
correction ¢ peak search for averaged SAR During a maximum search, global and local maxima searches are
automatically performed in 2-D after each Area Scan measurement with at least 6 measurement points. It is
based on the evaluation of the local SAR gradient calculated by the Quadratic Shepard’'s method. The
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algorithm will find the global maximum and all local maxima within -2 dB of the global maxima for all SAR
distributions.

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. Several measurements at different distances are necessary for the extrapolation. Extrapolation
routines require at least 10 measurement points in 3-D space. They are used in the Zoom Scan to obtain
SAR values between the lowest measurement points and the inner phantom surface. The routine uses the
modified Quadratic Shepard’s method for extrapolation. For a grid using 7x7x7 measurement points with
5mm resolution amounting to 343 measurement points, the uncertainty of the extrapolation routines is less
than 1% for 1g and 10g cubes.

A Z-axis scan measures the total SAR value at the x-and y-position of the maximum SAR value found during
the cube 7x7x7 scan. The probe is moved away in z-direction from the bottom of the SAM phantom in 5mm
steps.

5.6. Data Storage and Evaluation

Data Storage

The DASY5 software stores the acquired data from the data acquisition electronics as raw data (in microvolt
readings from the probe sensors), together with all necessary software parameters for the data evaluation
(probe calibration data, liquid parameters and device frequency and modulation data) in measurement files
with the extension “.DA4". The 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 incorrect parameter settings. For example, if a measurement has been performed
with a wrong crest factor parameter in the device setup, the parameter can be corrected afterwards and the
data can be re-evaluated.

The measured data can be visualized or exported in different units or formats, depending on the selected
probe type ([V/m], [A/m], [°C], [mMW/g], [mW/cm?2], [dBrel], etc.). Some of these units are not available in
certain situations or show meaningless results, e.g., a SAR output in a lossless media will always be zero.
Raw data can also be exported to perform the evaluation with other software packages.

Data Evaluation

The SEMCAD software 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 Normi, ai0, ail, ai2
- Conversion factor ConvFi
- Diode compression point Dcpi
Device parameters: - Frequency f
- Crest factor cf
Media parameters: - Conductivity o]
- 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 DASY5 components. In the
direct measuring mode of the multimeter 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
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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:

Vi=U; +U
dep;

il

With Vi = compensated signal of channeli (i=x,y, z)

Ui = input signal of channel i (i=x,y,2)
cf = crest factor of exciting field (DASY parameter)
dcpi = diode compression point (DASY parameter)

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

) — 1 b' . 7 = / - =
E — fieldprobe E: V Norm; - ConvF
. Y f2
H — fieldprobes : H;y =/ Vi- w
With Vi = compensated signal of channel i i=xY,2)
Normi = sensor sensitivity of channel i (i=x,v,2)

[mV/(V/m)2] for E-field Probes
ConvF = sensitivity enhancement in solution
aij = sensor sensitivity factors for H-field probes

f = carrier frequency [GHZ]
Ei = electric field strength of channel i in V/m
Hi = magnetic field strength of channel i in A/m

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

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

. 2 o
-54’4R == Ef’of’ : m
with  SAR = local specific absorption rate in mW/g
Etot = total field strength in V/m
o = conductivity in [mho/m] or [Siemens/m]

o} equivalent tissue density in g/cm3

Note that the density is normally set to 1 (or 1.06), to account for actual brain density rather than the
density of the simulation liquid.

5.7. SAR Measurement System

The SAR measurement system being used is the DASY5 system, the system is controlled remotely from a
PC, which contains the software to control the robot and data acquisition equipment. The software also
displays the data obtained from test scans.

In operation, the system first does an area (2D) scan at a fixed depth within the liquid from the inside wall of
the phantom. When the maximum SAR point has been found, the system will then carry out a 3D scan
centred at that point to determine volume averaged SAR level.
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5.7.1 Tissue Dielectric Parameters for Head and Body Phantoms

The liquid is consisted of water,salt,Glycol,Sugar,Preventol and Cellulose.The liquid has previously been
proven to be suited for worst-case.It’s satisfying the latest tissue dielectric parameters requirements proposed
by the IEC62209-1.

The composition of the tissue simulating liquid

Target Frequency Head Body
(MHz) €r o(S/m) & o(S/m)
150 52.3 0.76 61.9 0.80
300 45.3 0.87 58.2 0.92
450 43.5 0.87 56.7 0.94
835 415 0.90 55.2 0.97
900 415 0.97 55.0 1.05
915 415 0.98 55.0 1.06
1450 40.5 1.20 54.0 1.30
1610 40.3 1.29 53.8 1.40
1800-2000 40.0 1.40 53.3 152
2450 39.2 1.80 52.7 1.95
3000 38.5 2.40 52.0 2.73
5800 35.3 5.27 48.2 6.00

(er = relative permittivity, o = conductivity and p = 1000 kg/m?3)

Targets for tissue simulating liquid

Frequency L1 Ty Liquid Type + 5% Range Permittivity £5% Range
(MHz) (o) (¢)
300 Head 0.87 0.83~0.91 45.30 40.04~47.57
350 Head 0.87 0.83~0.91 44.70 42.47~46.93
450 Head 0.87 0.83~0.91 43.50 41.33~45.68
835 Head 0.90 0.86~0.95 41.50 39.43~43.58
900 Head 0.97 0.92~1.02 41.50 39.43~43.58
1450 Head 1.20 1.14~1.26 40.50 38.48~42.53
1800 Head 1.40 1.33~1.47 40.00 38.00~42.00
1900 Head 1.40 1.33~1.47 40.00 38.00~42.00
1950 Head 1.40 1.33~1.47 40.00 38.00~42.00
2000 Head 1.40 1.33~1.47 40.00 38.00~42.00
2450 Head 1.80 1.71~1.89 39.20 37.24~41.16
3000 Head 2.40 2.28~2.52 38.50 36.58~40.43
300 Body 0.87 0.83~0.91 45.30 40.04~47.57
450 Body 0.87 0.83~0.91 43.50 41.33~45.68
835 Body 0.90 0.86~0.95 41.50 39.43~43.58
900 Body 0.97 0.92~1.02 41.50 39.43~43.58
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1450 Body 1.20 1.14~1.26 40.50 38.48~42.53
1800 Body 1.40 1.33~1.47 40.00 38.00~42.00
1900 Body 1.40 1.33~1.47 40.00 38.00~42.00
1950 Body 1.40 1.33~1.47 40.00 38.00~42.00
2000 Body 1.40 1.33~1.47 40.00 38.00~42.00
2100 Body 1.49 1.42~1.56 39.80 37.81~41.79
2450 Body 1.80 1.71~1.89 39.20 37.24~41.16
2600 Body 1.96 1.86~2.06 39.00 37.05~40.95
3000 Body 2.40 2.28~2.52 38.50 36.58~40.43
3500 Body 291 2.77~3.06 37.90 36.01~39.80
4000 Body 3.43 3.26~3.61 37.40 35.563~39.27
4500 Body 3.94 3.74~4.14 36.80 34.96~38.64
5000 Body 4.45 4.23~4.67 36.20 34.39~38.01
5200 Body 4.66 4.23~4.89 36.00 34.20~37.80
5400 Body 4.86 4.62~5.10 35.80 34.01~37.59
5600 Body 5.07 4.82~5.32 35.50 33.73~37.28
5800 Body 5.27 5.01~5.53 35.30 33.54~37.07
6000 Body 5.48 5.21~5.75 35.10 33.35~36.86
5.8. Tissue equivalent liquid properties
Measured Target Tissue Measured Tissue o

T'irSyTJL:ae Frequency Dev. Dev. Liquid Test Data

(MH2) Er (o) &r % o) % Temp.
150H 150 5230 | 076 |5243 | 02 | 079 | 39 | 222 | 20180327

egree
150B 150 61.9 0.80 63.4 2.4 0.81 1.3 d22'2 2018-03-27

egree
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The purpose of the system check is to verify that the system operates within its specifications at the device
test frequency. The system check is simple check of repeatability to make sure that the system works

correctly at the time of the compliance test;

System check results have to be equal or near the values determined during dipole calibration with the

relevant liquids and test system (£10 %).

System check is performed regularly on all frequency bands where tests are performed with the DASY5

system.
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The output power on dipole port must be calibrated to 21 dBm (250mW) before dipole is connected.

Justification for Extended SAR Dipole Calibrations

Referring to KDB 865664D01V01r03, if dipoles are verified in return loss (<-20dB, within 20% of prior
calibration), and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and

the calibration interval can be extended. While calibration intervals not exceed 3 years.

System Check in Head Tissue Simulating Liquid
; : T
Freq Test Date ngr?:;ttféfs Temp Mzezosrlrjl:’/(\e/d 1W Normalized W Target Llil)rg\lltiega](;?l)/o
& o(s/m) SARy | SARiq | SARy | SARiy | SARy | SARig SARy; | SARug
150MHz | 2018/03/27 | 52.43 | 0.79 222 | 0.939 | 0.616 | 3.756 | 2.464 3.79 2.52 0.90% | -2.22%
150MHz | 2018/03/27 | 63.4 0.81 222 | 0.940 | 0.621 | 3.760 | 2.484 3.89 2.59 -3.34% | -4.09%

Note:
1. The graph results see system check.
2. Target Values used derive from the calibration certificate
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5.10. Measurement Procedures

The procedure for assessing the average SAR value consists of the following steps:
» Power Reference Measurement

The Power Reference Measurement and Power Drift Measurement jobs are useful jobs for monitoring the
power drift of the device under test in the batch process. Both jobs measure the field at a specified
reference position, at a selectable distance from the phantom surface. The reference position can be
either the selected section’s grid reference point or a user point in this section. The reference job projects
the selected point onto the phantom surface, orients the probe perpendicularly to the surface, and
approaches the surface using the selected detection method.

» Area Scan

The Area Scan is used as a fast scan in two dimensions to find the area of high field values, before doing
a finer measurement around the hot spot. The sophisticated interpolation routines implemented in
DASY4 software can find the maximum locations even in relatively coarse grids. The scanning area is
defined by an editable grid. This grid is anchored at the grid reference point of the selected section in the
phantom. When the Area Scan’s property sheet is brought-up, grid settings can be edited by a user.

» Zoom Scan

Zoom Scans are used to assess the peak spatial SAR values within a cubic averaging volume containing
1 g and 10 g of simulated tissue. The default Zoom Scan measures 7 X 7 X 7 points
(5mmE545mmES545mm) within a cube whose base faces are centered on the maxima found in a
preceding area scan job within the same procedure.

» Power Drift Measurement

The Power Drift Measurement job measures the field at the same location as the most recent power
reference measurement job within the same procedure, and with the same settings. The Power Drift
Measurement gives the field difference in dB from the reading conducted within the last Power
Reference Measurement.
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Picture 11 Block diagram of the tests to be performed
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Picture 12 Block diagram of the tests to be performed
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Measurement procedure
The following procedure shall be performed for each of the test conditions (see Picture 11) described in 11.1:

a)

b)

d)
e)

f)

Measure the local SAR at a test point within 8 mm or less in the normal direction from the inner surface of
the phantom.

Measure the two-dimensional SAR distribution within the phantom (area scan procedure). The boundary
of the measurement area shall not be closer than 20 mm from the phantom side walls. The distance
between the measurement points should enable the detection of the location of local maximum with an
accuracy of better than half the linear dimension of the tissue cube after interpolation. A maximum grip
spacing of 20 mm for frequencies below 3 GHz and (60/f [GHz]) mm for frequencies of 3GHz and greater
is recommended. The maximum distance between the geometrical centre of the probe detectors and the
inner surface of the phantom shall be 5 mm for frequencies below 3 GHz anddIn(2)/2 mm for frequencies
of 3 GHz and greater, wheredis the plane wave skin depth and In(x) is the natural logarithm. The
maximum variation of the sensor-phantom surface shall be £1 mm for frequencies below 3 GHz and +0.5
mm for frequencies of 3 GHz and greater. At all measurement points the angle of the probe with respect
to the line normal to the surface should be less than 5°. If this cannot be achieved for a measurement
distance to the phantom inner surface shorter than the probe diameter, additional measurement distance
to the phantom inner surface shorter than the probe diameter, additional

From the scanned SAR distribution, identify the position of the maximum SAR value, in addition identify
the positions of any local maxima with SAR values within 2 dB of the maximum value that are not within
the zoom-scan volume; additional peaks shall be measured only when the primary peak is within 2 dB of
the SAR limit. This is consistent with the 2 dB threshold already stated,;

Measure the three-dimensional SAR distribution at the local maxima locations identified in step

The horizontal grid step shall be (24 / f{GHz] ) mm or less but not more than 8 mm. The minimum zoom
size of 30 mm by 30 mm and 30 mm for frequencies below 3 GHz. For higher frequencies, the minimum
zoom size of 22 mm by 22 mm and 22 mm. The grip step in the vertical direction shall be ( 8-f[GHz] ) mm
or less but not more than 5 mm, if uniform spacing is used. If variable spacing is used in the vertical
direction, the maximum spacing between the two closest measured points to the phantom shell shall be
(12 / f[GHz]) mm or less but not more than 4 mm, and the spacing between father points shall increase
by an incremental factor not exceeding 1.5. When variable spacing is used, extrapolation routines shall
be tested with the same spacing as used in measurements. The maximum distance between the
geometrical centre of the probe detectors and the inner surface of the phantom shall be 5 mm for
frequencies below 3 GHz and dIn(2)/2 mm for frequencies of 3 GHz and greater, where dis the plane
wave skin depth and In(x) is the natural logarithm. Separate grids shall be centered on each of the local
SAR maxima found in step c). Uncertainties due to field distortion between the media boundary and the
dielectric enclosure of the probe should also be minimized, which is achieved is the distance between the
phantom surface and physical tip of the probe is larger than probe tip diameter. Other methods may
utilize correction procedures for these boundary effects that enable high precision measurements closer
than half the probe diameter. For all measurement points, the angle of the probe with respect to the flat
phantom surface shall be less than 5. If this cannot be achieved an additional uncertainty evaluation is
needed.

Use post processing( e.g. interpolation and extrapolation ) procedures to determine the local SAR values
at the spatial resolution needed for mass averaging.

Measurement procedure
The following procedure shall be performed for each of the test conditions (see Picture 11) described in 11.1:

9)
h)

Measure the local SAR at a test point within 8 mm or less in the normal direction from the inner surface of
the phantom.

Measure the two-dimensional SAR distribution within the phantom (area scan procedure). The boundary
of the measurement area shall not be closer than 20 mm from the phantom side walls. The distance
between the measurement points should enable the detection of the location of local maximum with an
accuracy of better than half the linear dimension of the tissue cube after interpolation. A maximum grip
spacing of 20 mm for frequencies below 3 GHz and (60/f [GHz]) mm for frequencies of 3GHz and greater
is recommended. The maximum distance between the geometrical centre of the probe detectors and the
inner surface of the phantom shall be 5 mm for frequencies below 3 GHz anddIn(2)/2 mm for frequencies
of 3 GHz and greater, wheredis the plane wave skin depth and In(x) is the natural logarithm. The
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maximum variation of the sensor-phantom surface shall be £1 mm for frequencies below 3 GHz and +0.5
mm for frequencies of 3 GHz and greater. At all measurement points the angle of the probe with respect
to the line normal to the surface should be less than 5°. If this cannot be achieved for a measurement
distance to the phantom inner surface shorter than the probe diameter, additional measurement distance
to the phantom inner surface shorter than the probe diameter, additional

From the scanned SAR distribution, identify the position of the maximum SAR value, in addition identify
the positions of any local maxima with SAR values within 2 dB of the maximum value that are not within
the zoom-scan volume; additional peaks shall be measured only when the primary peak is within 2 dB of
the SAR limit. This is consistent with the 2 dB threshold already stated;

Measure the three-dimensional SAR distribution at the local maxima locations identified in step

The horizontal grid step shall be (24 / f{GHz] ) mm or less but not more than 8 mm. The minimum zoom
size of 30 mm by 30 mm and 30 mm for frequencies below 3 GHz. For higher frequencies, the minimum
zoom size of 22 mm by 22 mm and 22 mm. The grip step in the vertical direction shall be ( 8-f[GHz] ) mm
or less but not more than 5 mm, if uniform spacing is used. If variable spacing is used in the vertical
direction, the maximum spacing between the two closest measured points to the phantom shell shall be
(12 / f[GHz]) mm or less but not more than 4 mm, and the spacing between father points shall increase
by an incremental factor not exceeding 1.5. When variable spacing is used, extrapolation routines shall
be tested with the same spacing as used in measurements. The maximum distance between the
geometrical centre of the probe detectors and the inner surface of the phantom shall be 5 mm for
frequencies below 3 GHz and 8In(2)/2 mm for frequencies of 3 GHz and greater, where dis the plane
wave skin depth and In(x) is the natural logarithm. Separate grids shall be centered on each of the local
SAR maxima found in step c). Uncertainties due to field distortion between the media boundary and the
dielectric enclosure of the probe should also be minimized, which is achieved is the distance between the
phantom surface and physical tip of the probe is larger than probe tip diameter. Other methods may
utilize correction procedures for these boundary effects that enable high precision measurements closer
than half the probe diameter. For all measurement points, the angle of the probe with respect to the flat
phantom surface shall be less than 5. If this cannot be achieved an additional uncertainty evaluation is
needed.

Use post processing( e.g. interpolation and extrapolation ) procedures to determine the local SAR values
at the spatial resolution needed for mass averaging.

5.11. Operational Conditions during Test

5.11.1. General Description of Test Procedures
The sample can work at continuous transmit by specific test software provided by manufacturer.
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5.11.2. Test Positions
5.12.2.1 Face-Held Configuration

Face-held Configuration- per EN62209-2: “If the user instructions provided by the manufacturer specify an
intended use with an appropriate accessory at a certain separation distance to the body, the device shall be
positioned as intended at the distance to the outer surface of the phantom that corresponds to the specified
distance (Figure 5). When evaluating device SAR without a specific carry accessory, the separation distance
shall not exceed 25 mm”

5.12.2.2 Body-worn Configuration

Body-worn measurements-per EN62209-2: The surface of the device pointing towards the flat phantom
should be parallel to the surface of the phantom. However, all devices do not have a flat surface. Therefore
the details of the device position, e.g. the definition of the distance and the physical relationship between the
device and the phantom (see 6.1.4.1), shall be documented in the measurement report according to the
manufacturer instructions

5.12. Power Drift

To control the output power stability during the SAR test, DASY5 system calculates the power drift by
measuring the E-field at the same location at the beginning and at the end of the measurement for each test
position. These drift values can be found in Table 14.1 to Table 14.11 labeled as: (Power Drift [dB]). This
ensures that the power drift during one measurement is within 5%.
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6.1. Conducted Power Results
Modulation Channel Test Test Frequency Rated High power level
. Tune Up
Type Separation Channel (MHz) dBm Wattes
Low 136.05 36.6 4.57 37
Analog/FM 25 KHz Middle 155.05 36.5 4.47 37
High 173.95 36.5 4.47 37
Low 136.05 36.6 4.57 37
Analog/FM 12.5 KHz Middle 155.05 36.2 4.17 37
High 173.95 36.4 4.37 37
Low 136.05 36.7 4.68 37
Digital/4FSK 12.5 KHz Middle 155.05 36.5 4.47 37
High 173.95 36.5 4.47 37
6.2. SAR Measurement Results
Test Frequency COS:\:Z:ed Tune Up Test Measur(;';'izt) A Power SARyq limit Ref.
T MHz (dBm) Power Configuration 10(8;)§)C||jeuty 50&/;3:“, drift (W/kg) Plot
The EUT display towards phantom for 12.5 KHz (Digital, face held) for Rated High power level
Low 136.05 36.7 37 Face Held 0.020 0.010 -0.08 8
Middle | 155.05 36.5 37 Face Held 0.064 0.032 0.02 8
High 173.95 36.5 37 Face Held 0.108 0.054 0.03 8 #1
The EUT display towards ground with A1, B1 and C1(Digital,Body-Worn) for 12.5 KHz for Rated High power level
Low 136.05 36.7 37 Body Worn 0.086 0.043 -0.09 8
Middle | 155.05 36.5 37 Body Worn 0.333 0.166 0.06 8 #2
High 173.95 36.5 37 Body Worn 0.125 0.063 0.08 8
The EUT display towards ground with A1, B1 and C1(Digital, Body-Worn) for 12.5 KHz for Rated High power level with
belt clip
Middle | 155.05 | 36.5 37 | BodyWomn | 0330 | 0151 | 0.06 8
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» Test | puty | opr, | Power | Conducted \uneup o . |Scaled | o id | SAR limit
Test position | Test mode Ch./Freq. | Cycle (Wikg) rift Power Limit factor SAR Temp (W/kg)
1g (dB) @Bm) | (dBm) (Wikg)
Face Held Test data
Low PTT 136.05 | 100% | 0.020 -0.08 36.7 37 1.072 | 0020 | 22.2 8
Middle PTT 155.05 | 100% | 0.064 0.02 36.5 37 1122 | 0065 | 22.2 8
High PTT 173.95 | 100% | 0.108 0.03 36.5 37 1122 | 0109 | 22.2 8
Low PTT 136.05 | 50% | 0.010 -0.08 36.7 37 1072 | 0010 | 22.2 8
Middle PTT 155.05 | 50% | 0.032 0.02 36.5 37 1122 | 0032 | 22.2 8
High PTT 17395 | 50% | 0.054 0.03 36.5 37 1122 | 0055 | 22.2 8
Body-Worn Test data
Low PTT 136.05 | 100% | 0.086 -0.09 36.7 37 1.072 | 0087 | 22.2 8
Middle PTT 155.05 | 100% | 0.333 0.06 36.5 37 1122 | 0338 | 22.2 8
High PTT 173.95 | 100% | 0.125 0.08 36.5 37 1122 | 0127 | 22.2 8
Low PTT 136.05 | 50% | 0.043 -0.09 36.7 37 1072 | 0043 | 22.2 8
Middle PTT 155.05 | 50% | 0.166 0.06 36.5 37 1122 | 0168 | 22.2 8
High PTT 17395 | 50% | 0.063 0.08 36.5 37 1122 | 0064 | 22.2 8
Body-Worn with belt clip Test data
Middle PTT 155.05 | 100% | 0.330 0.06 36.5 37 1122 | 0335 | 22.2 8
Middle PTT 155.05 | 50% | 0.151 0.06 36.5 37 1122 | 0153 | 22.2 8
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6.3. Simultaneous TX SAR Considerations

5.3.1 Introduction

Simultaneous multi-band transmission means that the device can transmit multiple transmission modes
at the same time. The time-averaged output power of a secondary transmitter may be much lower than
that of the primary transmitter. In some cases, the secondary transmitter can be excluded from SAR
testing when used alone. However, when the primary and secondary transmitters are used together, the
SAR limit may still be exceeded. A means of determining the threshold power for the secondary
transmitter that allows it to be excluded from SAR testing is needed.

For the DUT, the sample with only one antenna, cannot transmit signal simultaneously. Not need to
condsider simultaneous transmitter.
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6.4. Measurement Uncertainty (300-3GHz)
According to IEEE 1528:2013
Uncertaint . .
Error Typ Probably | (Ci) | (Ci) Std. | Std. | Degree
No. Description e y Distribution Div. 1 10 Unc. Unc. of
Value 9 9 (19) (10g) | freedom
Measurement System
1 Probe B | 550% N 1| 1] 1 |s50% |20 oo
calibration %
Axial
2 _ B | 4.70% R V3 07| 07 | 1oow | 120 | o
isotropy Yo
Hemispheric
3 al B 9.60% R \/§ 0.7 0.7 3.90% 3;;20 oo
isotropy
Boundar
4 y B 1.00% R ‘/é 1 1 0.60% 0;,60 oo
Effects %
Probe
5 ) ) B 4.70% R \/§ 1 1 2.70% 2570 o
Linearity Yo
6 Detection | 5 | 1 5006 R V3 1 | 060% | 290 oo
limit %
RF ambient
7 conditions- B 0.00% R \/§ 1 1 0.00% 0£O oo
noise 0
RF ambient
8 conditions- B 0.00% R ‘/§ 1 1 0.00% 050 oo
reflection 0
9 Response | g 0.80% R V3 1 1 | 0500 | &0 oo
time %
10 Integration | 5| 5 5594 R 3 1 | 2000 | %% oo
time %
RF
11 ) B 3.00% R ‘/é 1 1 1.70% 1;,70 oo
ambient %
Probe
12 positioned | g 0.40% R V3 1 1 | 0200 | %% oo
mech. %
restrictions
Probe
positioning
13 with respect B 2.90% R ‘/§ 1 1 1.70% 1;;O oo
to phantom 0
shell
Max.SAR
14 ) B 3.90% R ‘/§ 1 1 2.30% 2;,30 oo
evalation %
Test Sample Related
15 Testsample | A | 1.86% N [ 1] 1] 1 |18% |18 | =
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positioning %
Device 1.70
16 holder A 1.70% N 1 1 1 1.70% % oo
uncertainty
17 Drift of output | - 5 | g ()04 R V31 1| 1| 2.00% 2.90 oo
power %
Phantom and Set-up
18 Phantom B | 4.00% R V31| 1| 230% | 220 oo
uncertainty %
Liquid
19 conductivity B 5.00% R ‘/5 0"16 0.43 | 1.80% 1(')/20 ©°
(target) ’
Liquid
20 conductivity A 0.50% N 1 046 0.43 | 0.32% 0;26 o
(meas.)
Liquid
21 permittivity B 5.00% R \/§ Of 0.43 | 1.80% 1;5 0 o
(target) °
Liquid
22 cpermittivity | A 0.16% N 1 0"16 0.43 | 0.10% OQB ! ©°
(meas.) °
Combined 22
2,2 10.20 | 10.0 -
standard " /Z c’u; / / I / o 0%
uncertainty i=1
Expanded
uncertainty
. B = 20.40 | 20.0 .
(confidenc U, = 2u, / R 2 / / % 0%
e interval
of 95 %)
Uncertainty of a System Performance Check with DASY5 System
. : : Std. Std. Degree
Uncertaint . Ci Ci
No. Defgrri(;:ion Type Value ’ D?s?i?ai?ilgn Div. (1 ) :(LO) Une. | Une. of
9 9 | (19) | (10g) | freedom
Measurement System
Probe 6.00 | 6.00
0, co
1 calibration B 6.00% N 1 1 1 % %
Axial 190 | 1.90
2 B 4.70% R 0.7 | 0.7 oo
isotropy ’ \/§ % %
Hemispheri 0.00 | 0.00
cal 0 0 ©°
3 _ B 0.00% R J3 | 07|07 % o
isotropy
Boundary 0.60 | 0.60
0, oo
4 oot B 1.00% R VT I S A "
Probe 2.70 | 2.70
5 B 4.70% R 1 1 oo
Linearity 0 \/5 % %
Detection o 0.60 | 0.60 -
6 it B 1.00% R 31 1 " o
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RF ambient
7 conditions- B 0.00% R \/5 1 1 0(.;20 OEyC(),O -
noise
RF ambient
8 conditi(_)ns- B 0.00% R \/g 1 1 0(.)20 OQS)O -
reflection
Response ; 0.50 | 0.50 _
9 time B 0.80% R \/§ 1 1 % n
Integration 0 290 | 2.90 _
10 time B 5.00% R NETR I B I O B o
RF 1.70 1.70
9 (e}
1 Ambient B 3.00% R N2 T U I I
Probe
positioned g 0.50 | 0.50 3
12 mech. B 0.80% R J3 | 1 1 ” o
restrictions
Probe
positioning
with 6 3.90 | 3.90 3
13 respect to B 6.70% R 3 1 1 % %
phantom
shell
Max.SAR 230 | 2.30
9 (e}
14 Evalation B 3.90% R \/§ 1 1 % %
Modulation 0 1.40 | 1.40 _
1> Response | © 2.40% R NV T T S O Sl
Test Sample Related
Test
16 sample A 0.00% N 1 1 1 0(-)20 0;20 -
positioning
Device
17 holder A 2.00% N 1 1 1 | 200 | 2.00 .
i % %
uncertainty
Drift of
18 output B 3.40% R \/5 1 1 2(320 2;())0 -
power
Phantom and Set-up
Phantom ) 230 | 230 | _
19 uncertainty B 4.00% R V3 1 1 % %
SAR 1.11 | 0.90
9 (e}
20 correction B 1.90% R V3 1 (084 7o %
Liquid
21 conductivity A 0.50% N 1 0.64 | 043 0.32 | 0.26 -
% %
(meas.)
Liquid
22 cpermittivit | A 0.16% N 1 |o064|043| 020 1007
% %
y (meas.)
Temp.Unc.-
23 Conductivit B 1.70% R \/g 078 | 0.71 O(.)ZO 0;20 -
y
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Temp.Unc.- o 0.10 | 0.10 -
24 Permitivity B 0.40% R \/5 0.23 | 0.26 % %
Combined
129 | 12.7
standard / / / / / 0% 0%
uncertainty

Expanded
uncertainty
(confidence u, =2u / R K=2 / / 10%/8 10%/4 -
interval of 0 b
95 %)
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6.5. System Check Results
System Performance Check at 150 MHz Head
DUT: CLA-150; Type: Loop, 150MHz; Serial: 4019
Communication System: CW; Frequency: 150 MHz; Duty Cycle: 1:1
Medium parameters used: f = 150 MHz; o = 0.79 mho/m; & = 52.43; p = 1000 kg/m3
Phantom section: Flat Section
DASY5 Configuration:
e Probe: ES3DV3 - SN3292; ConvF(7.85, 7.85, 7.85); Calibrated: 2018/1/25;
e Sensor-Surface: 4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn910; Calibrated: 2017/7/13
e Phantom: ELI v4.0; Type: QDOVAOO1BB; Serial: TP:1151
e Measurement SW: DASY52, Version 52.8 (2); SEMCAD X Version 14.6.6 (6824)
Area Scan (81x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.05 W/kg
Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm

Reference Value = 36.570 V/m; Power Drift = -0.05 dB
Peak SAR (extrapolated) = 1.525 mW(/g

SAR(1 g) = 0.939 W/kg; SAR(10 g) = 0.616 W/kg
Maximum value of SAR (measured) = 1.03 W/kg

-2.87
-5.74
-8.61

-11.48

-14.35

0 db=1.05 Whke = 0.42 dB W'ke
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System Performance Check at 150 MHz Body
DUT: CLA-150; Type: Loop, 150MHz; Serial: 4019

Communication System: CW; Frequency: 150 MHz;Duty Cycle: 1:1

Medium parameters used: f = 150 MHz; ¢ = 0.815 mho/m; er = 63.406; p = 1000 kg/m3
Phantom section: Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292; ConvF(7.59, 7.59, 7.59); Calibrated: 2018/1/25;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn910; Calibrated: 2017/7/13

Phantom: ELI v4.0; Type: QDOVAQO01BB; Serial: TP:1151

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

Area Scan (81x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 1.06 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 35.666 VV/m; Power Drift = -0.08 dB
Peak SAR (extrapolated) = 1.555 mW/g

SAR(1 g) = 0.940 W/kg; SAR(10 g) = 0.621 W/kg
Maximum value of SAR (measured) = 1.05 W/kg

dB
0

-2.68

-5.76

-0.64

-11.562

-14.40

0db = 1.06 Wke = 0.51 4B W/ke
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6.6. SAR Test Graph Results

Face Held for Data Modulation at 12.5KHz Channel Separation, Front towards Phantom 173.95MHz
The distance was 25mm
Communication System: Multi-mode Radio; Frequency: 173.95 MHz;Duty Cycle:1:1

Medium parameters used (interpolated): f = 173.95 MHz; 6 = 0.79 mho/m; er = 52.43; p = 1000 kg/m3

Phantom section: Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292; ConvF(7.85, 7.85, 7.85); Calibrated: 2018/1/25;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn910; Calibrated: 2017/7/13

Phantom: ELI v4.0; Type: QDOVA001BB; Serial: TP:1151

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

Front to face/Area Scan (61x171x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.110 W/kg

Zoom Scan (5x5x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 8.542 VV/m; Power Drift = 0.03 dB
Peak SAR (extrapolated) = 0.176 mW(/g

SAR(1 g) =0.108 W/kg; SAR(10 g) = 0.074 W/kg
Maximum value of SAR (measured) = 0.114 W/kg

dB

-3.60
-7.20
-10.80
-14.40

-18.00

0dB=0.110 Wkg=-19.17 dB Wikg

Date/Time: 03/28/2018
Plot 1: Face held for Digital Modulation at 12.5KHz Channel Separation Front towards Phantom 173.95MHz
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Body- Worn Data Modulation at 12.5KHz Channel Separation, Front towards Ground 155.05 MHz
The distance was Omm
Communication System: Multi-mode Radio; Frequency: 155.05 MHz;Duty Cycle:1:1

Medium parameters used (interpolated): f = 155.05 MHz; o = 0.815 mho/m; er = 63.406;; p = 1000 kg/m3

Phantom section: Flat Section

DASY5 Configuration:

Probe: ES3DV3 - SN3292; ConvF(7.85, 7.85, 7.85); Calibrated: 2018/1/25;
Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn910; Calibrated: 2017/7/13

Phantom: ELI v4.0; Type: QDOVA001BB; Serial: TP:1151

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

Front to face/Area Scan (61x171x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 0.363 W/kg

Zoom Scan (6x6x7)/Cube 0: Measurement grid: dx=8mm, dy=8mm, dz=5mm
Reference Value = 15.343 V/m; Power Drift = 0.06 dB

Peak SAR (extrapolated) = 0.645 mW/g

SAR(1 g) = 0.333 W/kg; SAR(10 g) = 0.205 W/kg

Maximum value of SAR (measured) = 0.358 W/kg

-3.60
-7.20
-10.80

-14.40

-18.00

0dB=0.363 W/kg =-8.80 dB W/kg

Plot 2: Body-worn for Digital Modulation at 12.5KHz Channel Separation;Front towards Ground 155.05MHz
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Calibration Laboratory of

L3 Schweizerischer Kalibrsandianst
Schmid & Pariner

c Sarvice sulsse d'étalonnage
Engineering AG e I - P Servizio svizzero & taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland f-,h,}m\; k" o Swiss Callbration Service
Accradited by thie Swiss Accrackatian Seevice [SAS) Accreditation Me.: SCS 0108
The Swiss Accreditalion Service is one of the signatories to the EA
Multitateral Ag for the recognition of calibration carlificates
Glossary:
TSL tissue simulating Bquid
MNORM .2 sensitivity in free space
ConvF sensitivity m TSL/ NORMxy,2
DcpP dicde compression paint
CF crest factor (1/duty_cycle) of the RF signal
A B CD modulation dependent neanzation parameters
Polarization ¢ ¢ rofation around probe axis
Polarization % 4 rotation around an axis that is in the pkane noomal 1o probe axis (at measurement canter),
i.e., % =0 is normal to probe axis
Canneclor Angle information used in DASY system to align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determmining the Peak Spatial-Averaged Specific
Abnsarplion Rate (SAR) in the Human Head from Wireless Communications Devices: Measurament
Techniques”, June 2013

o) IEG 62209-1, °, “Messurernen| progedure bor e assessment of Speclic Absorption Rale (SAR) from nand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to & GHz)", July 2016

¢) |EC 32208-2, "Procadurs o determine the Specific Absorption Rate (SAR) for wireless communication devices
used in close proximity 1o the human body (frequency range of 30 MHz to & GHz)", March 2010

d) KDB 865664, “SAR Measurement Reguirements for 100 MHz to § GHz"

Mmhuds Applied and Interpretation of Parameters:
NORMx, ) 2 Assessed for E-figld polarization 5 =0 (f < 900 MHZ in TEM-call: { = 1800 MHz: RZZ waveguide)
NORM:x, .z are anly intermediate values, ie., the uncertainties of NORM:x,y.z does not affect the E*-fleld
uncertainty inside TSL (see below ConvF),

o NORMfx .z = NORMx y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASYS software versions later than 4.2, The uncartainty of the frequency response is inCleded
in the stated uncertainty of Canye,

«  DCPx .z DCP are numencal lingarization parameters assessed based on the data of power swesp with W
signal [ne 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
characheristics

¢ Awyz Beyz Coyz Dz VR A, B, C, Dare numencal lineanzation parameters assessed based on
the data of power sweep for specfic 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 Mat phantom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributicns based on power
measurements for f = 800 MHZ The same selups Bre used for Sssessmant of the paramaeters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These paramelers are
used in DASYA software to improve probe accuracy close to the boundary. The sensitivity in TSL cormesponds
ta MORME, y.z * ConvF whareby the uncertamty cormesponds to that given for ComvF. A frequency dependant
ComdF 15 used in DASY version 4.4 and higher which allows exfiending the validity from £ 50 MHz to £ 100
MHz

«  Spharical isolropy (A0 dewiation from isodropy): in a field of low gradients realized using a flat phantom
axposed by a patch antenna.

Senszor Offset The sensor offset comesponds to the offset of virtual measurement center from the probe tip
{on probe axis). Mo tolerance required.

= Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
ungertainty required),
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Basic Calibration Parameters

Sensor X Sensor v Bensor £ Une (k=2) !
Momm (VivVImE) 0.65 0,96 0.83 £10.1 % |
DCP {m\Y® 104.2 107.6 112.3

Modulation Calibration Parameters

uio Communication System Name | A B C o VR Unct
I S dB | dBviv | 4B | mv | (k=2
g EW, x| oo | oo 10 | 000 | 1915 | #33%
| ) ¥ | 04 0.0 1.0 1876
| z| oo 0.0 10 | | 102 ]

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 85%.

:The urcertantes of Morm XY .7 do rot affect the E'-Seld uncedainty inside TSL [see Pages § and &)
. Mumarcal lineariration parameder: uncerainty nok required

Uncertainty i detemingd using e masx. devialion from linear response applying rectangular disiibaion srd i@ expressed for the square of the
Fisdtd value,
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Head Tissue Simulating Media

| . Relative | Conductivity T Depth~ Unc
f [MHz) Parmittivity " {5m) " ConvF X | ConwF Y | ComvPZ | Alpha® |  (mm) k=2]
150 52.3 0.76 T.85 TA5 | T.BS 004 | 120 +13.3 %
| 4560 43.5 0.87 A 712 | 7.12 0.18 1.20 +133%

¥ Frequency waldity abave 300 MHz of £ 100 Mz only appiics for DASY we.4 and higher (see Page 2, elss it i resticted 1o £ 50 MHz The
urcartanty is tha RES of tha ConvF uncerainly at calibraton frequency and the uncaraimty 1or the indcabed trequancy bard. Fraguancy vakidiy
bedions 300 MHE i = 101, 25, 40, 80 and 70 MHz for Corn sgsessments at 30, 64, 128, 180 and 220 MHz rmespecivaly. Abows 5§ GHz fraquancy
validity con be estendad 10 + 110 MHz

d Al frequancies below 3 GHz, the valbdity of issus parameters (= and o) can e relased fo = 10% # iouid compensation fomula s appled 1o
Mmaaaured SAR values. A frequencies above 3 GHz, ihe velidity of lissue paramessrs {c and o} s restricied o + 5%, The uwncertainty is the RSS of
tha CanmvF uncamainty for intdicaled tanget issue paramaters

" Alpha'Depth are detamningd during calibration. SPEAG warrants that the remaining dewiaion dus o the Baundary sffect siar comnpesaatian is
Ay e than & 1% for fraquences hakw 5 GH2 Grd Beiaw @ D5 for fequensins bataen 16 GHz ot sny SiEtEns8 50367 IEn RaN ha Braba 15
ciameter from the boundany.
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3292

Calibration Parameter Determined in Body Tissue Simulating Media

c Relative Conductivity | Depth™ [
f{MHz)" | Permittivity " {&fm) ConvFX | ConvFY | ConvFZ | Alpha® | (mm) 2|
150 1.9 080 | 759 7.59 .50 0.04 120 | £133% |
450 56.7 0.94 7.28 708 728 | 0.2 120 | £133% |

“ Fraquancy walidity sbove 300 MHz of = 100 MHz orly appies for DASY vwid and higher- (s2e Page 2), slse i & resiricted ig £ 50 MHZ. The
uncenainty i W RES of the ConvF uncerainty at calibraton eguency and the uncersairty for the indicaked frequency band. Fregquency validity
Betaw 300 MHz is £ 10, 25, 40, 50 and T0 MHz for Cornd assessments ot 30, 64, 128, 150 and 220 MHz respeciively. Above B GHz frequency
walidity can ba exierdsd o & 110 MHz

" A frequeencies below 3 GHz, the valdily of tsue parameters (¢ and o) can be neeed 2 & 10% if fouid compensstion fermula is appied t
meamured SAR valugs, A frsquencies abave 3 GHz, the validiy of 15508 perameters fo and of @ restricied ta & 5% The uncerainty & the RSS of
;IFE ConvF urcertainty for indicated tangat igeus paramealers

" Alphaapth ane delermined dunng calbrtion. SPEAG wamanis that (he remainmg deviation dua to the boundany aMact aller compansalion
atways less than = 1% for requencies below 3 GHz and balow + 2% Tor frequencies betereen 3-8 GHz a1 any dstance larger than half the probe i
diamatar fom the boundary.
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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)

Cerificate Mo: ES3-222 Jani8 Page ¥ af 11

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at http://www.sgs.com/en/Terms-and-Conditions.aspx and, for
electronic format documents, subject to Terms and Conditions for Electronic Documents at http://www.sgs.com/en/Terms-and-Conditions/Terms-e-Document.aspx. Attention is drawn to the limitation of
liability, indemnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of its intervention
only and within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents. This document cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification of the
content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Unless otherwise stated the results shown in this test report refer only to the sample(s)
tested and such sample(s) are retained for 30 days only.


http://www.sgs.com/en/Terms-and-Conditions.aspx
http://www.sgs.com/en/Terms-and-Conditions/Terms-e-Document.aspx

SGS-CSTC Standards Technical Services Co., Ltd.
Shenzhen Branch

Report No.: SZEM180200129909
Page: 45 of 64

ES3DNV3- SM:3292 Janumry 28, 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz R22
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Uncertainty of Axlal Isotropy Assesament: + 0.5% (ks2)
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Dynamic Range f(SAR}caq)

(TEM el , fo= 1900 MHz)

Input Sghat [Lv]

i e 10+ i i 1% 1
SAR [mWiem3]

not compersated

FR :,___!,:,..*_:. ——

102 10 10 1M 101 e 108
SAR [mWism3| )
sl

-
ratrt e P st compensated

Uneertainty of Linearity Assessment: * 0.6% (k=2)
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Conversion Factor Assessment

f= 450 MHz WELS Flat Phantom 4.4 f= 450 MHz WGLS Flat Phamaom 4.4
s &n
i 5 0 ;
1 o aa '
£ ; £ Y
Deviation from Isotropy in Liquid
Error (§, 3), f= 200 MHz
-0 -0& -D& -D4 02 00 02 04 08 D8 1.0
Uncartainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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Other Probe Parameters

Sensor Arrangement Triangular
Connecior Angle () ] R
Mechanical Surface Detechan Moda o anablad |
Optical Surface Delection Mode disabled
Probe Overall Length ' 337 mm
| Probe Body Diameter - T 10mm|
Tip Lenmth B  iomm|
| Tip Diameter & mm
Prabe Tip to Sensor X Calibration Paint 2 mm
Prabe Tip o Sensor ¥ Calibration Point 2 mm
Prabe Tip ko Sensor Z Calibration Point T Zmm |
Recommended Measurement Distance from Surface T 3mm |
- - —_— 1
Cortificale Mo: ES3-3292_Jan1B Page 11 of 11
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7.2. D450V3 Dipole Calibration Certificate

Calibration Laboratory of

Schmid & Partnar
Enginearing AG

CetghaussEirasee a3, 3004 Durich, Switmelayd

Actreiied by the Swiss Accrectiglion Service (2458
The Swins Aocrelitation Sardlca is ona of tha signatories 1o s EA

s T
S

Bchweizeriachar Kalibrierdianst

Sarvize evisrers di tarabucs

s
o sETvine avisse o' dlolonnags
s Ewinn Caltbration Service

hecreditotion o SCS 0106

Mudtitatorml Agreement far the recognithon of cnlibsation caillficiag

et CHA (Auden)

Centifieatn Ne: CLATS0-4019_Febis

CALIBRATION

CERTIFICATE

Cinjec

Calibrafion procedumds)

Calibration daja:

This eabbealion canificals decumants fhe Iraceabibly o naton
Thaemaasuraments and Ihe uncerairs s with conlidenss prebabiily ane givon on the felkveng pages and are parl of tha
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Calibration Laboratory of )
: L)
Schmid & Partnar _F_:E::'_____a&; g Mmrulur!:l:hu’ Kol gl in
; R w C Service suisse o' ctalonnags
EI'IQII'IE'EFII'IQ AG T Sarvizio svizzero di taralura
Zeughaussirasse 43, 8004 Zurich, Switzerland %{L‘:ﬁmy S Swiss Calibration Servica
Acoredied by the Swiss Acoreditation Serice (SA5) Mccreditation Mo, SCS 0108

The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agresment for the recognifien of calibration certilicabes

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y 2
/A not applicable or not measured

Calibration is Performed According to the Following Standards:

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

b) |EC 622091, "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

¢} IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wirsless
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/S System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

* Relum Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncerainty required.

* SAA 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
connactor,

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

The reported uncertainty of measurament 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%.
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Measurement Conditions
DASY sysierm configuration, 68 far as e givan an page 1.
DASY Version DASYS VB2 BH
Extrapolation Achvanced Extrapalation
Phamtom ELI4 Flat Phaniom Shall thickmnasza: 2 + 0.2 mm
EUT Positioning Touch Pasition
Zoom Scan Resolutien dx, gy = 4.0 mm, dz = 1.4 mm Graded Ralic = 1.4 (Z direction)
Fraquancy 160 MHz 1 MHz
Head TSL paramaters
Tha following parameatars and calculations were apoked.
Temperature Periml tivity Conductivity
Hominal Head TSL parameters 220G e 0.76 mbhadm
Measured Head T5L parameters (22.0 £0.2) "G B4 = 6% 078 mhom = 6 %
Haad TSL temperature change during test < 0.6 70 —
SAR result with Head TSL
SAR averaged over 1 em® (1 g} of Head TSL Condition
SAR measunaed 1 W input power 3.60 Wikg
SAR for nominal Head TSL paramaters normalized to 1% 3.78 Wikg = 18.4 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL oondition
AR maaswad 1 W input power .58 Wikg
SAR for nominal Head TSL paramatars normalized 1o W 2.52 Wikg = 18.0 % (k=2)
Body TSL parameaters
The following parameiers and caloulations wera applied.
Temperalure Permittivity Conductivity
Mominal Body TSL paramebers. 220°C &1.9 QLED mhodm
Measured Body TEL parameters (Z20:z02°C G4 = 6 % 0.84 mhio'm + & %
Body TEL temperature change during test =050 — —
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condilian
S5AR measured 1 %W input power 4,08 Wikg
SARA for nominal Bedy TSL parameders normnalizad 1o 19 ALED Wika £ 18.4 % (k=2)
SAR sveraged over 10 em® (10 g of Body TSL condition
SAR measured 1 W input power 270 Wikg
SAR for narminal Bady TSL parametars marrnalizad 1o 1W .59 Wikg £ 18.0 % [k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transfonrmead 1o fead point 47440 - 5.3 0

Heaturn Loss - 24.4 dB

Antenna Parameters with Body TSL

Impedance, translarmed to feed poin 50.9 L8 - 8,00
Retum Loss -22.0 dB

Additional EUT Data

Manulacturad by SPEAG
Manuiacturad on MNowarmbar 25, 2015
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DASYS Validation Report for Head TSL

Dhate: 11022016
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: CLA150; Type: CLA150; Serial: CLA150 - SN: 4019

Communication System: UTD 0 - OW; Frequency: 150 MHz

Medium parameters used: f= 150 MHz; o = 0,78 S/m; & = 50.4; p = 1000 kg_.l'm"
Phantom section: Flat Section

Measurement Standard; DASY S ([EEE/EC/ANST Ca3. 19-2011)

DASY 32 Configuration:
¢+ Probe: EXADV4 - SNA8TY; ConwF(12.02, 12,02, 12.02); Calibrated: 31, 12.2015;
+  Sensor-Surface: 1.4mm (Mechanical Surface Detection)
=  Electronics: DAE4 Sn654; Calibrated: 08.07.2015
= Phantom: ELI v4.0; Type: QDOVAONBE; Serial: TP: 1003
« DASYS2 52.8.8(1258); SEMCAD X 14.6.10{7372)

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Area Sean

(B1x81x1): Intcrpolated grid: dx=1.3500 mm, dy=1.500 mm
Mamimum value of SAR (interpolated) = 5,13 Wikg

CLA Calibration for HSL-LF Tissue/CLA150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (Bx9x7)}/Cube 0: Mcasurcment grid: dx=4mm, dy=4mm, dz=1.4mm

Beference Value = 83.28 ¥im; Power Drift = 4L01 dB

Peak SAR (extrapolated) = 7.21 Wikg

SAR(] g = 3.9 Wike; SAR(ID g) = 2.59 Wik

Maximum value of SAR (measured) = 5.45 Wikg

0dB =546 Wikg =737 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date; 11.02.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: CLA1S0; Type: CLALS0; Serial: CLA150 - SN: 4019

Communication System: UID 0 - CW; Frequency: 150 MHz

Medium parameters used: = 150 MHz; o = 0.84 $/m; g, = 60.4; p = 1000 kg/m’
FPhantom section: Flat Scction

Measurement Standard: DASYS (IEEETEC/ANSI C63, 19201 1)

ASYS2 Configuration:
»  Probe: EXIDV4 - SN38TT, ConvF(11.44, 11.44, 11.44); Calibraged: 31, 12,2015
o Sensor-Surface: 14mm (Mechanical Surface Detection)
+ Electronics: DAE4 Sn634; Calibrated: 08.07.2015
»  Phantom: ELT v4.0; Type: QDOVAMDBB; Serial: TP: 1003
o« DASYSI SRER(1258); SEMCAD X 14,6, 10(7372)

CLA Calibration for MSL-LF Tissue/CLA 150, touch configuration, Pin=1W/Area Sean

(81x81x1): Interpolated grid: dx=1.500 mm, dy=1.500 mm
Maximum value of SAR (interpolated) = 5.71 Wike

CLA Calibration for MSL-LF Tissue/CLA 150, touch configuration, Pin=1W/Zoom Scan,
dist=1.4mm (8x9x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Walue = 82,17 V/m; Power Drifi = -0,05 dB

Peak SAR (extrupoluted) = 749 Wikg

SAR(T gh = 4.006 Wikg; SARI0 g) = 2.7 Wikg

Maximum value of SAR (measured) = 5.65 Wikg

683
-B.1%
-11.66

-14.58

0dB =571 Wikg =7.57 dBW/kg
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Impedance Measurement Plot for Body TSL
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7.3. DAEA4 Calibration Certificate

Calibration Laboratory of N
. S Schweizerischer Kalibrierdienst
S=
S(E]ml.d & F_’arlner m Service suisse d'étalonnage
s :Elnsienng AG ) e Servizio svizzero di taratura
ghausstrasse 43, 8004 Zurich, Switzerland 2 4:/‘?‘\:\‘:‘“\\“ Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service iz one of the signatories to the EA
Multilateral Ag for the gnition of calibration certificates
Client Auden Certificate No: DAE4-910_Jul17
CALIBRATION CERTIFICATE
Object DAE4 - SD 000 D04 BK - SN: 910

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

Calibration date: July 13, 2017

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The meast Wt 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 | D # Cal Date (Cartificate No.) Scheduled Calib 1
Keithiey Multimeter Type 2001 | SN: 0810278 09-Sep-16 (No:19065) Sep-17
Secondary Standards | D# Check Date (in house) Scheduled Check
Auto DAE Calibration Unit SE UWS 053 AA 1001 05-Jan-17 (in house check) In house check: Jan-18
Calibrator Box V2.1 SE UMS 006 AA 1002  05-Jan-17 (in house check) In house check: Jan-18
Name Function Signature
Calibrated by Dominique Steffen Laboratory Technician %
Approved by: Sven Kihn Deputy Manager \’/ { .
Y V. imns

Issued: July 13, 2017

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration 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.

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.

o 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.

* 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.

»  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 6.1uV, full range = -100...+300 mV
Low Range: 1LSB = B81nV, fullrange= -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec, Measuring time: 3 sec
Calibration Factors X Y z
High Range 403.334 +£ 0.02% (k=2) | 402.753 + 0.02% (k=2) | 403.237 + 0.02% (k=2)
Low Range 3.98292 1 1.60% (k=2) | 3.94291 + 1.50% (k=2) | 3.95052 + 1.50% (k=2)

Connector Angle

Connector Angle to be used in DASY system 314.5%¢1 °
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Appendix (Additional assessments outside the scope of SCS01 08)
1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200041.03 2.05 0.00
Channel X + Input 20007.58 1.82 0.01
Channel X - Input -20002.98 2.20 -0.01
Channel Y + Input 200040.02 1:21 0.00
Channel Y + Input 20005.15 -0.63 -0.00
Channel Y - Input -20006.28 -1.10 0.01
Channel Z + Input 200037.04 -2.06 -0.00
Channel Z + Input 20006.67 0.05 0.00
Channel Z - Input -20003.93 1.44 -0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2001.98 0.38 0.02
Channel X + Input 201.29 -0.33 -0.16
Channel X - Input -199.23 -0.91 0.46
Channel Y + Input 2002.19 0.63 0.03
Channel Y + Input 200.31 -1.21 -0.60
Channel Y - Input -199.63 -1.19 0.60
Channel Z + Input 2001.61 0.17 0.01
Channel Z + Input 200.09 -1.3 -0.65
Channel 2 - Input -201.44 -2.88 1.45

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

Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 -12.83 -14.46
- 200 16.33 14.63
Channel Y 200 6.01 5.68
-200 -6.91 -7.34
Channel Z 200 -12.16 -12.11
- 200 9.79 9.86

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

Input Voltage (mV) | Channel X (uV) | Channel Y (pV) Channel Z (uV)
Channel X 200 - 4.30 -3.56
Channel Y 200 953 - 4.89
Channel Z 200 10.35 8.14 -
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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 16196 16895
Channel Y 15382 16517
Channel 2 16727 17469

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

Input 10MQ
Average (uV) | min. Offset (uV) | max. Offset (uv) | St '?::;a“““
Channel X 0.83 -0.49 2.69 0.64
Channel Y 0.36 -0.92 1.37 0.54
Channel Z -1.12 -2.44 0.17 0.55
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 (+ Vee) +7.9
Supply (- Vec) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vcc) -0.01 -8 -9
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8. Test Setup Photos

L

I

i

Photograph of the depth in the Head Phantom (150MHz)

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

Body-worn, the front of the EUT towards ground with Belt Clip
(The distance was Omm)
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Photo of Sample
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