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Hearing Aid Compatibility (HAC)
TEST REPORT

<For T-Coil Measurement>

Applicant Name Unimax communications

Address of Applicant 18201 McDurmott St.West Suite E,Irvine,CA 92614
Model No. U504TL

FCCID P46-U504TL

Date of Receive Nov. 01, 2018

Date of Test(s) Nov. 15, 2018 ~ Dec. 02, 2018

Date of Issue Dec. 04, 2018

Standards:

ANSI C63.19-2011

FCC RULE PART(S): 47 CFR PART 20.19(B)
HAC RATE CATEGORY: T3 (T Category)

In the configuration tested, the EUT complied with the standards specified above.
Remarks:

This report details the results of the testing carried out on one sample, the results contained in this test report
do not relate to other samples of the same product. The manufacturer should ensure that all products in series
production are in conformity with the product sample detailed in this report.

The conformity assessment statement in this report is based solely on the test results, measurement
uncertainty is excluded.

This report may only be reproduced and distributed in full. If the product in this report is used in any
configuration other than that detailed in the report, the manufacturer must ensure the new system complies
with all relevant standards. Any mention of SGS Taiwan Electronics & Communication Laboratory or testing
done by SGS Taiwan Electronics & Communication Laboratory in connection with distribution or use of the
product described in this report must be approved by SGS Taiwan Electronics & Communication Laboratory in

writing.
Signed on behalf of SGS
Sr. Engineer Asst. Manager
A a7 Jobis  To /
ety AKAne <Sn e
Mattkuo /| 7T John Yeh
Date: Dec. 04, 2018 Date: Dec. 04, 2018
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1. Introduction

The purpose of this standard is to establish categories for hearing aids and for WD
(wireless communications devices) that can indicate to health care practitioners and
hearing aid users which hearing aids are compatible with which WD, and to provide
tests that can be used to assess the electromagnetic characteristics of hearing aids and
WD and assign them to these categories. The various parameters required, in order to
demonstrate compatibility and accessibility are measured. The design of the standard is
such that when a hearing aid and WD achieve one of the categories specified, as
measured by the methodology of this standard, the indicated performance is realized.

In order to provide for the usability of a hearing aid with a WD, several factors must be
coordinated:

a) Radio frequency (RF) measurements of the near-field electric and magnetic fields
emitted by a WD to categorize these emissions for correlation with the RF immunity
of a hearing aid.

b) Magnetic field measurements of a WD emitted via the audio transducer associated
with the T-coil mode of the hearing aid, for assessment of hearing aid performance.

c) Measurements with the hearing aid and a simulation of the categorized WD T-coil
emissions to assess the hearing aid RF immunity in the T-coil mode.

The WD radio frequency (RF) and audio band emissions are measured.

Hence, the following are measurements made for the WD:

a) RF E-Field emissions

b) T-coil mode, magnetic signal strength in the audio band

c) T-coil mode, magnetic signal and noise articulation index

d) T-coil mode, magnetic signal frequency response through the audio band

Corresponding to the WD measurements, the hearing aid is measured for:

a) RF immunity in microphone mode

b) RF immunity in T-coil mode
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2. Testing Laboratory

Company Name |SGS Taiwan Ltd. Electronics & Communication Laboratory

Company address |No.2, Keji 1st Rd., Guishan Township, Taoyuan County 333,

Taiwan (R.O.C.)
Telephone +886-2-2299-3279

Fax +886-2-2298-0488
Website http://www.tw.sgs.com/

3. Details of Applicant

Applicant Name  [Unimax communications
Applicant Address (18201 McDurmott St.West Suite E,Irvine,CA 92614
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4. Description of EUT

Model No. U504TL
FCCID P46-U504TL
XILTE FDD  [X|Bluetooth [X[WCDMA
DAWLANS02.11b/g/n/(20M)
WCDMA
LTE FDD

Mode of Operation

— | | |

Duty Cycle
WLANB802.11b/g/n(20M)
Bluetooth
WCDMA Band Il 1850 — 1910
WCDMA Band IV 1710 — 1755
WCDMA Band V 824 — 849
LTE FDD Band 2 1850 - 1910
TX Frequency Range [LTE FDD Band 4 1710 N 1755

(MHz) LTE FDD Band 12 699 — 716
LTE FDD Band 66 1710 — 1780
LTE FDD Band 71 6655 — 6955
WLANB802.11 b/g/n(20M) 2412  — 2462
Bluetooth 2402 — 2480
WCDMA Band Il 9262 — 9538
WCDMA Band IV 1312  — 1513
WCDMA Band V 4132  — 4233
LTE FDD Band 2 18607 — 19193
Channel Number LTE FDD Band 4 19957 — 20393
(ARFCN) LTE FDD Band 12 23017 — 23173
LTE FDD Band 66 131979 — 132665
LTE FDD Band 71 133147 — 133447
WLANB802.11 b/g/n(20M) 1 — 11
Bluetooth 0 — 78
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5. Air Interfaces and Bands

Air Band AN Simultaneous | Name of Voice Power

T A
Interface (MHz) ype ?I'g:tej Transmitter Service Reduction

850
1700 VO Yes o CMRS Voice*
WCDMA 1900 BT and Wi-Fi NA

HSPA VD Yes Google Duo**

LTE Band VD | Yes | BT and WiFi VoLTE NA
2/4/12/66/71 Google Duo**

BT, WCDMA Wi-Fi calling™*

Wi-Fi 2450 VD Yes and NA
LTE Google Duo**

BT 2450 pT | na | WL WCDMA NA NA
and LTE

VO: Legacy Cellular Voice Service from Table 7.1 in 7.4.2.1 of ANSI C63.19-2011
DT: Digital Transport (no voice)

VD: IP Voice Service over Digital Transport

* Ref Lev in accordance with 7.4.2.1 of ANSI C63.19-2011 and the July 2012 VoL TE
interpretation

** Ref Lev =20 dBmO
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6. Test Environment

Ambient Temperature 21.7° C

Relative Humidity <80 %

7. Description of test system

7.1 Measurement System Diagram for SPEAG Robotic

Mo werien] Sarer g DASYS

Fig. 1. The SPEAG Robotic Diagram
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The DASYS5 system for performing compliance tests consists of the following items:

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

* An Audio Magnetic probe.

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

» The Electro-optical converter (EOC) performs the conversion between optical and
electrical of the signals for the digital communication to the DAE and for the
analog signal from the optical surface detection. The EOC is connected to the
measurement server.

» The function of the measurement server is to perform the time critical tasks such
as signal filtering, control of the robot operation and fast movement interrupts.

* A probe alignment unit which improves the (absolute) accuracy of the probe
positioning.

* A computer operating Windows 7.

* DASY5 software.

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

* The Test Arch SAM phantom

* The device holder for handheld mobile phones.

« Validation dipole kits allowing to validate the proper functioning of the system.
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7.2 Audio Magnetic Probe AM1DV3

Description - Active single sensor probe for
both axial and radial measurement
scans- Fully RF shielded,
compatible with DAE, with adapted
probe cup

Dynamic Range (0.1 KHz to 20 KHz

Sensitivity <-50dB A/m @ 1KHz

Internal Amp 20dB
Dimensions 300X18mm

AM1DV3 Audio Probe

7.3 Test Arch

Description Enables easy and well defined
positioning of the phone and
validation dipoles as well as simple
teaching of the robot.

Dimensions length: 370 mm
width: 370 mm
height: 370 mm Test Arch
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7.4 AMCC- Audio Magnetic Calibration Coil

Description Allows calibration of the complete
measurement setup, The two
horizontal coils create a
homogeneous magnetic field in the
z direction. Refer to Appendix 5 for
more detail on AMCC coil

7.5 Phone Holder

Description Supports accurate and reliable
positioning of any phone Effect on
near field <+/- 0.5 dB

Phone Holder
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7.6 AMMI - Audio Magnetic Measurement Instrument

Description

-USB interface to PC

- Probe signal digitization and
power supply- Test signal
generation for wireless device
(via base station simulator)-
Auto-calibration and interfaces to
AMCC for complete
setup-calibration

AMMI

Data Rate

48 KHz / 24bit

Dynamic Range

85dB

Dimensions:

19" X 65 X 270mm
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8. Measurement Procedure

:_=_ e ey e e e ey e ], e e T e e T ] _=| Integratcr
[ 4 ; A-Weighting Bandpass
" ProbeCoil Finter
i (Shown in Perpendicular Position) | ¥
| RMS Voltmster
| |Handset
I [
g Qﬁiﬁin . Graphics
;J Recarder
1
' Reference |
;’ EIETE g . Signal
' Antenna replaced | Bzis:;j::?n ! Source
[ with Coaxial Connection = |
T Ry e TR O, e e ey i W
Anechoic chamber for RF and acoustic sheilding (optional)

Controller

Fig. 2. T-coil signal measurement test setup

The sequence of the measurement is T-Coil testing procedure over a wireless

communication device:

1. Confirm Geometry & signal check. Probe phantom alignment and check of
accuracy.

2. Background noise measurement in the area of the WD.

3. Perform 50x50mm area scan with narrow band signal to determine ABM1, ABM2
and SNR for axial and radial orientation positions.
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4. For Axial position, perform optimal SNR point measurement with a broadband
signal — determine Frequency Response

Note.

#. The EUT do not use the special HAC SW.

#. Setting the maximum volume for EUT during the measurement.

#. For the measurement, it don’t use the “post-test measurement processing of
results”.

#. Per KDB 285076 D01v05, handsets that that have the ability to support concurrent
connections using simultaneous transmissions shall be independently tested for each
air interface/band given in ANSI C63.19-2011. At the present time ANSI C63.19 does
not provide simultaneous transmission test procedures.
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9. System calibration

For correct and calibrated measurement of the voltages and ABM field, DASY will
perform a calibration job as below.

In phase 1, the audio output is switched off, and a 200 mVpp symmetric rectangular
signal of 1 kHz is generated and internally connected directly to both channels of the
sampling unit (Colil in, Probe in).

In phase 2, the audio output is off, and a 20 mVpp symmetric 100 Hz signal is internally
connected. The signals during phases 1 and 2 are available at the output on the rear
panel of the AMMI. However, the output must not be loaded, in order to avoid
influencing the calibration. An RMS voltmeter would indicate 100 mVRMS during the
first phase and 10 mVRMS during the second phase. After the first two phases, the two
input channels are both calibrated for absolute measurements of voltages. The resulting
factors are displayed above the multi-meter window.

After phases 1 and 2, the input channels are calibrated to measure exact voltages. This
is required to use the inputs for measuring voltages with their peak and RMS value.

In phase 3, a multi-sine signal covering each third-octave band from 50 Hz to 10 kHz is
generated and applied to both audio outputs. The probe should be positioned in the
center of the AMCC and aligned in the z-direction, the field orientation of the AMCC. The
“Colil In” channel is measuring the voltage over the AMCC internal shunt, which is
proportional to the magnetic field in the AMCC. At the same time, the “Probe In" channel
samples the amplified

signal picked up by the probe coil and provides it to a numerical integrator. The ratio of
the two voltages in each third-octave filter leads to the spectral representation over the
frequency band of interest. The Coil signal is scaled in dBV, and the Probe signal is first
integrated and normalized to show dB A/m. The ratio probe-to-coil at the frequency of 1
kHz is the sensitivity which will be used in the consecutive T-Coil jobs.
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1. Codec investigation
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An investigation was performed to determine the audio codec to be used for testing by
SNR comparison. The AMR 12.2kbps setting was used for the testing as the worst-case

codec.
Codec Investigation - WCDMA
. AMR AMR AMR . .

Codec Setting: 12.2kbps | 7.95kbps | 4.75kbps Orientation Band Channel
ABM1 (dBA/m) -6.53 -5.58 -5.45
ABM2 (dBA/m) -50.57 -50.27 -49.79

Axial Band Il 9400

Frequency Response Pass Pass Pass
Signal Quality (dB) 44.04 44.69 44.34

2. Air Interface Investigation
Using the worst case codec to test low/middle/high channels in each band.
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11. T-coil testing for VoL TE

l. Test setup for VOLTE over IMS T-coil Testing

1. Test setup
The general test setup used for VoLTE over IMS is shown below. The call box used
when performing VoLTE over IMS T-coil measurement is a CMW500. The Data
Application Unit (DAU) of the CMW500 was used to simulate the IP Multimedia
Subsystem (IMS) server.

IP Multimedia Subsystem

1 |
T coil Magnetic Probe St L3} i&*— l_jl
e call signaling packets
I i de \ o Audio Controller
L - =
('@_' ----------------- sSipfip Mangbe h‘ I
Analog £ Y .
IPfNetwork i ér?rl Audio Magnetic Measuring
,-" ,,1 Adapter Audio T ‘
i I
¥ calibration

Mew instrumentation area

D : - : Air Interface Simulator

2. Audio level setting
According to the July 2012 interpretations by the C63 Committee regarding the
appropriate audio levels to be used for VoLTE over IMS T-coil testing, -16dBmO shall
be used for the normal speech input level. The CMW500 base station simulator was
manually configured to ensure that the settings for speech input and full scale levels
resulted in the -16dBmO0 speech input level to the DUT for the VoLTE over IMS
connection.
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1. Radio configuration investigation
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An investigation was performed to determine the modulation and RB configuration to be
used for testing. QPSK, 1RB, ORB offset was used for the testing as the worst-case

configuration.
VOLTE over IMS SNNR by Radio Configuration

. Signal
Fr??n:lezr]lcy Channel BaFl\;ljl‘-’lsz]dth Modulation| RB Size | RB Offset [ dg(BA“;Ir::\)] [ dg(BA“;Iri)] Q[L:jaBIi]ty
1880 18900 20 QPSK 1 0 -6.91 -48.65 | 41.74
1880 18900 20 QPSK 1 50 -6.06 -49.54 | 43.48
1880 18900 20 QPSK 1 99 -5.34 -48.48 | 43.14
1880 18900 20 QPSK 50 0 -6.42 -49.30 | 42.88
1880 18900 20 QPSK 50 25 -5.58 -47.49 | 41.91
1880 18900 20 QPSK 50 50 -5.78 -48.22 | 42.44
1880 18900 20 QPSK 100 0 -5.15 -47.61 42.46
1880 18900 20 16QAM 1 0 -6.24 -48.56 | 42.32
1880 18900 20 16QAM 1 50 -6.43 -49.04 | 42.61
1880 18900 20 16QAM 1 99 -6.18 -48.19 | 42.01
1880 18900 20 16QAM 50 0 -6.63 -50.28 | 43.65
1880 18900 20 16QAM 50 25 -5.99 -48.85 | 42.86
1880 18900 20 16QAM 50 50 -6.61 -49.84 | 43.23
1880 18900 20 16QAM 100 0 -6.77 -50.43 | 43.66

2. Codec investigation

An investigation was performed to determine the audio codec to be used for testing.

The WB AMR 6.60kbps setting was used for the audio codec on the CMW500 for

VoLTE over IMS T-coil testing.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.

PRI A - S RE IR B 5T > FIRFIR R EO0R - A ERGKANEE R AT > A Ep{p s -

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at www.sgs.com/terms_and_conditions.htm and for electronic format
documents, subject to Terms and Conditions for Electronic Documents at www.sgs.com/terms_e-document.htm.
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.

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/3#74* # 7 . % A7 A2 £ Bl % 7 1 # 134 5%

SRBSRAELGF L2 P | 1(886-2) 2299-3279

f (886-2) 2298-0488

WWW.tW.Sgs.com
Member of SGS Group

Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined




Report No. : E5/2018/B0001

Page: 19 of 87
AMR Codec Investigation - VOLTE over IMS
. WB AMR | WB AMR | NB AMR | NB AMR . .
Codec Setting: 23.85kbps | 6.60kbps | 12.2kbps | 4.75kbps Orientation Band /BW |Channel
ABM1 (dBA/m) -6.91 -8.62 -7.31 -7.89
ABM2 (dBA/m) -48.65 -49.67 -49.99 -49.94
Axial Band 2/20MHz | 18900
Frequency Response Pass Pass Pass Pass
Signal Quality (dB) 41.74 41.05 42.68 42.05

3. Air Interface Investigation
The worst case band for each probe orientation is additionally tested on all bandwidth

combination. LTE B2 at 20MHz is the worst case for the Axial and Radial probe

orientation.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.

PRI A - S RE IR B 5T > FIRFIR R EO0R - A ERGKANEE R AT > A Ep{p s -

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at www.sgs.com/terms_and_conditions.htm and for electronic format
documents, subject to Terms and Conditions for Electronic Documents at www.sgs.com/terms_e-document.htm.
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.

Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined

No0.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#74* % 7 "x % 74 A ¥ F1 % 1

SRBSHRPERGF LR P | 1(886-2) 2299-3279

f (886-2) 2298-0488

WWW.tW.Sgs.com
Member of SGS Group



Report No. : E5/2018/B0001
Page: 20 of 87

12. T-coil testing for VoWIFI

l. Test setup for VoWIFI over IMS T-coil Testing

1. Test setup
The general test setup used for VoWIFI over IMS, or CMRS WIFI calling, is shown

below. The call box used when performing VoWIFI over IMS T-coil measurement is a
CMW500. The Data Application Unit (DAU) of the CMW500 was used to simulate the IP
Multimedia Subsystem (IMS) server.

/ IP Multimedia Subsystem
1 i 4

callsignaling packets '
~ Audic Controller

T coil Magnetic Probe -

— I'_c"“'w o

(_f‘_?-: ----------------- sSipfip Mangbe h‘ I
Analog £ Y .
IPfNetwork i ér?rl Audio Magnetic Measuring
o - ,,1 Adapter Audio T ‘
Wi i
! calibration

Mew instrumentation area

D : - : Air Interface Simulator

2. Audio level setting
According to the KDB285076 D02, regarding the appropriate audio levels to be used for
WIFI over IMS T-coil testing, -20dBm0 shall be used for the normal speech input level.
The CMW500 base station simulator was manually configured to ensure that the
settings for speech input and full scale levels resulted in the -20dBmO0 speech input
level to the DUT for the VoWIFI over IMS connection.
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Il. DUT configuration for VoWIFI over IMS T-coil Testing

1. Radio configuration investigation
Investigate the lowest and highest data rates and modulation to determine worst radio
configuration to be used for testing by SNR comparison.

802.11b Radio configuration investigation

Signal
Data Rate | ABM1 ABM2 .
Mode Channel [Mbps] | [dB(A/m)] |[dB(A/m)] Q[l;th]ty
802.11b 6 1 -1.61 -34.06 | 32.45
802.11b 6 11 -1.47 -34.26 [32.79
802.11g Radio configuration investigation
Signal
Data Rate | ABM1 ABM2 .
Mode Channel [Mbps] | [dB(A/m)] |[dB(A/m)] Q[t;th]ty
802.11g 6 6 -3.89 -47.30 | 43.41
802.11g 6 54 -4.26 -47.79 |43.53
802.11n(20M) Radio configuration investigation
Signal
Data Rate | ABM1 ABM2 .
Mode Channel [Mbps] | [dB(A/m)] |[dB(A/m)] Q[l;th]ty
802.11n(20M) 6 MCSO0 -4.97 -49.37 | 44.40
802.11n(20M) 6 MCS7 -3.96 -46.84 | 42.88

2. Codec investigation

Determine the worst-case codec by SNR comparison.

The WB AMR 6.60kbps setting was used for the audio codec on the CMW500 for
VoWIFI over IMS T-coil testing.
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AMR Codec Investigation - VoOWIFIl over IMS
L WB AMR | WB AMR | NB AMR | NB AMR . .
Codec Setting: 23.85kbps | 6.60kbps | 12.2kbps | 4.75Kbps Orientation Band Standard Channel
ABM1 (dBA/m) -1.61 -2.88 -2.54 -2.77
ABM2 (dBA/m) -34.06 -33.72 -34.11 -34.96
Axial 2.4GHz 802.11b 6
Frequency Response Pass Pass Pass Pass
Signal Quality (dB) 32.45 30.84 31.57 32.19

3. Air Interface Investigation
Using the worst-case codec, a range of channels and bands shall be tested.

The worst case mode for 2.4GHz WLAN in each probe orientation is additionally
tested on the low and high channels. In this case, 802.11b is the worst case mode for

both Axial and Radial orientations.
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13. T-coil testing for OTT

l. Test setup for OTT VolIP T-coil Testing

OTT VolP application

Google Duo is a pre-installed application on the DUT which allows for VOIP calls in a
held-to-ear scenario. Duo uses the OPUS audio codec and supports a bitrate range of
6kb/s to 75kb/s. All air interfaces capable of a data connection were evaluated with
Google Duo.

Test setup

A CMW500 callbox was used to perform OTT VolIP T-coil measurement. The Data
Application Unit (DAU) of the CMW500 was connected to the internet and allowed for
an IP data connection on the DUT. An auxiliary VolP unit was used to initiate an OTT
VolIP call to the DUT. The auxiliary VolP unit allowed for the configuration and
monitoring of the OTT VolP codec bitrate during a call. Low, middle and high bitrate
settings were evaluated to determine the worst-case configuration.

Audio level setting

According to the KDB285076 D02, the average speech level of -20dBm0 shall be used
for protocols not specifically listed in Table 7.1 of ANSI C63.19-2011 or ANSI
C63.19-2011 VoLTE interpretation. The auxiliary VolP unit allowed for monitoring the
signal input level to ensure that the settings for speech input and full scale levels
resulted in the -20dBmO0 speech input level to the DUT for the OTT VolP call.

Il. DUT configuration for OTT VolP T-coil Testing

Codec configuration

An investigation was performed to determine the audio codec configuration to be used
for testing. The 75kbps codec setting was used for the audio codec on the auxiliary
VolIP unit for OTT VolP T-coil testing.
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Codec Investigation for OTT
— Bitrate Bitrate Bitrate . .

Codec Setting: 6kbps 40kbps | 75kbps Orientation Band Standard Channel
ABM1 (dBA/m) 0.24 1.05 -0.82
ABM2 (dBA/m) -49.92 -48.23 -49.04

Axial Band Il HSPA 9400

Frequency Response Pass Pass Pass
Signal Quality (dB) 50.16 49.28 48.22

2. Air Interface Investigation
Using the worst-case codec, a range of channels and bands shall be tested.
For WCDMA, the worst case channel in each band was tested.
For LTE, the worst case band and bandwidth combination from VoLTE was tested.
For WIFI, the worst case mode for 2.4GHz WLAN in each probe orientation is

additionally tested. In this case, 802.11b is the worst case mode for both Axial and

Radial orientations.
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14. Justification of held to ear modes tested

a. The device supports VoLTE/VoWLAN, so T-coil test for VoLTE/VoWLAN is
required.

b. There is one OTT voice service (Google Duo) pre-installed (installed and delivered)
by the manufacturer.

c. There is one OTT voice service (Google Duo) pre-installed (installed and delivered)
by the manufacturer for the operating system manufacturer’s software partner.

d. There is one OTT voice service (Google Duo) installed and delivered by the
manufacturer at the direction of the service provider.
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15. Test Standards and Limits

The measurements were performed to ensure compliance to the ANSI C63.19-2011
standard.
The limit values please follow in Table 2

Category Telephone parameters WD signal quality

T1 0dBto10dB
T2 10 dB to 20 dB
T3 20 dB to 30 dB
T4 > 30 dB

Table 2. Signal Quality Range

Signal strength

) Axial field intensity

The axial component of the magnetic field, directed along the measurement axis and
located at the measurement plane, shall be = -18 dB (A/m) at 1 kHz, in 1/3 octave band
filter.

[ Radial(Y) field intensity

The radial component of the magnetic field, as measured at the radial, measurement
points shall be =-18 dB (A/m) at 1 kHz, in 1/3 octave band filter.
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16. Instruments List
, Serial Date of Last | Date of Next
Manufacturer Device Type . . . :
Number Calibration Calibration

Schmid & Partner
Engineering AG

Data acquisition
Electronics

DAE4

1336

Aug.06,2018

Aug.05,2019

Schmid & Partner
Engineering AG

Software

DASY52
52.10.1

N/A

Calibration
not required

Calibration
not required

Schmid & Partner
Engineering AG

Audio Magnetic
1D Field Probe

AM1DV3

3115

Mar.15.2018

Mar.14.2019

Schmid & Partner
Engineering AG

AMMI

010 AB

1028

Calibration
not required

Calibration
not required

Schmid &
Partner
Engineering AG

AMCC SD HAC

P01 BA

1026

N/A

N/A

Schmid & Partner
Engineering AG

Test Arch SD
HAC

PO1

1047

N/A

N/A

R&S

Radio
Communication
Test

CMU200

113505

Dec.20.2017

Dec.19.2018

R&S

Radio
Communication
Tester

CMW
500

143913

Apr.29.2018

Apr.28.2019
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17. Summary of Results
WCDMA
Air interface investigation for WCDMA
. Ambient Frequenc Signal
Mode Orientation Bandwidth Channel ABM1 ABM2 Noise Responsg ngality C63.19.-2011 Plot
(MHz) [dB(A/m)] | [dB(A/m)] [dB(Am)] | Variation(dB) (dB) Rating page
- 9262 -10.59 -50.87 047 40.28 T4 -
Axial - 9400 -6.53 -50.57 -59.07 0.58 44.04 T4 -
WCDMA - 9538 -10.96 -50.73 0.59 39.77 T4 31
Band II - 9262 -13.46 -44.02 30.56 T4 -
Radial - 9400 947 -44 40 -58.89 N/A 3493 T4 -
- 9538 -13.57 -42.88 29.31 T3 32
- 1312 -10.07 -50.66 0.53 40.59 T4 -
Axial - 1412 -10.01 -50.42 -59.07 0.56 40.41 T4 34
WCDMA - 1513 -10.11 -51.33 0.71 4122 T4 -
Band V - 1312 -13.23 -43.01 29.78 T3 -
Radial - 1412 -13.28 -42.95 -58.89 N/A 29.67 T3 35
- 1513 -13.13 -43.66 30.53 T4 -
- 4132 -10.20 -51.13 0.56 40.93 T4 37
Axial - 4183 -11.62 -52.91 -59.07 0.69 4129 T4 -
WCDMA - 4233 -10.19 -51.22 0.67 41.03 T4 -
Band V - 4132 -13.09 -44 87 31.78 T4 38
Radial - 4183 -13.17 4517 -58.89 N/A 32.00 T4 -
- 4233 -13.18 -45.05 31.87 T4 -
VoLTE
Air interface investigation for LTE B2
. Ambient Frequency Signal
Mode Orientation S Channel atul Al Noise Response Quality CG3'19-2011 Plot
(MHz) [dB(A/m)] | [dB(A/m)] [dB(Am)] | Variation(dB) | (dB) Rating page
20 18900 -8.62 -49.67 0.95 41.05 T4 40
15 18900 -8.05 -50.64 0.97 4259 T4 -
: 10 18900 -7.82 -49.33 1.02 4151 T4 -
g el 5 18900 | 762 | 5060 | 040 1.05 42.98 T4 ;
3 18900 -7.08 -48.54 1.11 4146 T4 -
LTE Band 1.4 18900 -7.36 -50.24 1.09 42.88 T4 -
2 20 18900 -1538 | -46.01 30.63 T4 41
15 18900 -13.39 | -4497 31.58 T4 -
Radial 10 18900 -13.91 4575 5857 NIA 31.84 T4 -
5 18900 -1495 | -46.96 32.01 T4 -
3 18900 1396 | -44.88 30.92 T4 -
14 18900 1498 | -46.90 31.92 T4 -
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Air interface investigation for LTE B4
o Bandwidth ABM1 ABM2 | Ambient | Frequency | Signal |\ o5 495019 | piot
Mode Orientation (MHz) Channel [dB(Am)] | [dB(Am)] Noise Response Quality Ratin ace
[dB(Am)] | Variation(dB) | (dB) 9 pag
LTE Band Axial 20 20175 -7.97 -49.31 -59.40 1.29 41.34 T4 43
4 Radial 20 20175 -12.71 -44 .52 -58.57 N/A 31.81 T4 44
Air interface investigation for LTE B12
o Bandwidth ABM1 ABM2 | Ambient | Frequency | Signal | o5 495019 | piot
Mode Orientation (MHz) Channel [dB(Am)] | [dB(Am)] Noise Response Quality Ratin age
[dB(Am)] | Variation(dB) | (dB) 9 pag
LTE Band Axial 10 23095 -8.71 -50.10 -59.40 1.27 41.39 T4 46
12 Radial 10 23095 | -11.38 -42.81 -58.57 N/A 31.43 T4 47
Air interface investigation for LTE B66
o Bandwidth ABM1 ABM2 | Ambient | Frequency | Signal | o5 495011 | piot
Mode Orientation (MHz) Channel [dB(Am)] | [dB(Am)] Noise Response Quality Ratin age
[dB(Am)] | Variation(dB) | (dB) 9 pag
LTE Band Axial 20 132322 -5.19 -46.32 -59.40 1.83 4113 T4 49
66 Radial 20 132322 | -15.48 -47 57 -58.57 N/A 32.09 T4 50
Air interface investigation for LTE B71
| Bandwidth ABM1 | ABmz | Ambient | Frequency | Signal| e, 195011 piot
Mode Orientation (MHz) Channel [dB(A/m)] | [dB(A/m)] Noise Response | Quality Ratin age
[dB(A/m)] | Variation(dB) | (dB) 9 |Pag
LTE Band Axial 20 133297 -8.60 -50.17 -59.40 157 41.57 T4 52
71 Radial 20 133297 | -15.73 -47 .39 -58.57 N/A 31.66 T4 53
VoWiFi
Air interface investigation for 2.4GHz WIFI
A . . Frequency | Signal
Bandwidth ABM1 ABM2 Ambient Noise C63.19-2011 Plot
Mode Orientation Channel Response [Quality .
(MHz) [dB(A/m)] [dB(A/m)] [dB(A/m)] Variation(dB) | (dB) Rating page
20 1 -1.35 -33.39 1.34 32.04 T4 -
Axial 20 6 -2.88 -33.72 -59.49 1.16 30.84 T4 55
WLAN 802.11b 20 11 -2.67 -34.64 1.22 31.97 T4 -
20 1 -9.13 -44.76 35.63 T4 -
Radial 20 6 -11.10 -45.96 -59.86 N/A 34.86 T4 56
20 11 -10.18 -45.15 34.97 T4 -
WLAN 802.11g Axi’fll 20 6 -4.61 -44.95 -59.49 0.86 40.34 T4 58
Radial 20 6 -9.80 -49.03 -59.86 N/A 39.23 T4 59
WLAN 802.11n Axi’fll 20 6 -4.67 -43.89 -59.49 1.41 39.22 T4 61
Radial 20 6 -11.05 -50.66 -59.86 N/A 39.61 T4 62
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oTT
Air interface investigation for OTT over HSPA
| Bandwidth ABM1 ABMz | Ambient | Frequency | Signal | neq 195011 | piot
Mode Orientation (MHz) Channel [dB(Am)] | [dB(Am)] Noise Response Quality Ratin age
[dB(Am)] | Variation(dB) | (dB) 9 pag
HSPA Axial - 9400 -0.82 -49.04 -59.56 1.27 48.22 T4 64
Band Il Radial - 9400 -8.47 -43.82 -59.65 N/A 35.35 T4 65
HSPA Axial - 1412 -0.89 -49.36 -59.56 1.29 48.47 T4 67
Band V Radial - 1412 -8.81 -43.54 -59.65 N/A 34.73 T4 68
HSPA Axial - 4183 -0.89 -48.54 -59.56 1.62 47.65 T4 70
Band V Radial - 4183 9.13 -44.95 -59.65 N/A 35.82 T4 71
Air interface investigation for OTT over LTE B2
| Bandwidth ABM1 | ABm2 | Ambient | Frequency | Signal | oeq 195019 | piot
Mode Orientation (MHz) Channel [dB(A/m)] | [dB(A/m)] Noise Response | Quality Ratin age
[dB(A/m)] | Variation(dB) | (dB) e
LTE Band Axial 20 18900 -5.75 -49.39 -59.56 1.66 43.64 T4 73
2 Radial 20 18900 | -12.93 -45.51 -59.65 N/A 32.58 T4 74
Air interface investigation for OTT over 2.4GHz WIFI
| Bandwidth ABM1 | ABm2 | Ambient | Frequency | Signal| ooy 1q5014| piot
Mode Orientation (MHz) Channel [dB(A/M)] | [dB(A/m)] Noise Response |Quality Ratin age
[dB(A/m)] | Variation(dB) | (dB) 9 pag
WLAN Axial 20 6 072 -29.30 -59.56 1.31 28.58 T3 76
802.11b Radial 20 6 -8.63 -42.80 -59.65 N/A 3417 T4 77
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18. Measurement Data
Date: 2018/11/15
T-Coil-WCDMA Band II_CH 9538

Communication System: WCDMA; Frequency: 1907.6 MHz; Duty Cycle: 1:1
Medium parameters used: 6 =0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASYS5 Configuration:
o Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16

e Sensor-Surface: 0Omm (Fix Surface)

o Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

e Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA,;
e DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 39.77 dB
ABM1 comp =-10.96 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00

-30.00

-40.00

-50.00

0dB =97.38 =39.77 dB
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Date: 2018/11/15
T-Coil-WCDMA Band Il_CH 9538
Communication System: WCDMA; Frequency: 1907.6 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 29.31 dB
ABM1 comp =-13.57 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-8.50
-17.m
-2h.51

-34.02

-42.52

0dB =29.20=29.31dB

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested and such sample(s) are retained for 90 days only.
FRIEA AR - ISR B AT FIRI R E IR OR - RMERLANTHEWA » A HHERE -

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at www.sgs.com/terms_and_conditions.htm and for electronic format
documents, subject to Terms and Conditions for Electronic Documents at www.sgs.com/terms_e-document.htm.
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.

SGS Taiwan Ltd
SREHMAERGF ARP

1 (886-2) 2299-3279 f (886-2) 2298-0488 WWW.tW.Sgs.com

Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined

No0.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#74* % 7 "% % #74* 2 ¥ Bl % 7 1 i 134 50

| Member of SGS Group



Report No. : E5/2018/B0001
Page: 33 of 87

General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -7.1, 2, 3.7 mm Duff: 0. 3948
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Date: 2018/11/15
T-Coil-WCDMA Band IV_CH 1412

Communication System: WCDMA; Frequency: 1732.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 40.41 dB
ABM1 comp =-10.01 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB=104.9=40.41dB
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T-Coil-WCDMA Band IV_CH 1412

Communication System: WCDMA; Frequency: 1732.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 29.67 dB
ABM1 comp =-13.28 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-8.77
-17.54
-26.32

-35h.09

-43.86

0 dB =30.46 = 29.67 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -7.7, 1.5, 3.7 mm Diff: 05645
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T-Coil-WCDMA Band V_CH 4132

Communication System: WCDMA; Frequency: 826.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16

e Sensor-Surface: 0Omm (Fix Surface)

o Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

e Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA,;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 40.93 dB
ABM1 comp = -10.20 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-50.00

0dB =111.3=40.93 dB
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T-Coil-WCDMA Band V_CH 4132

Communication System: WCDMA; Frequency: 826.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 31.78 dB
ABM1 comp =-13.09 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =38.81=31.78 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -7.5, 2, 3.7 mm Duff: 0 3648
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T-Coil-LTE Band 2 (20MHz) _CH 18900_QPSK_1-0
Communication System: LTE; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 41.05 dB
ABM1 comp = -8.62 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB=112.8 =41.05dB
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T-Coil-LTE Band 2 (20MHz) _CH 18900_QPSK_1-0
Communication System: LTE; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 30.63 dB
ABM1 comp =-15.38 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, -12.5, 3.7 mm
dB

-8.18
-16.36
-24.53

-32.71

-40.89

0 dB =33.99 = 30.63 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -7.7, 1.3, 3.7 mm Diff: 0.9545
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T-Coil-LTE Band 4 (20MHz) _CH 20175_QPSK_1-0
Communication System: LTE; Frequency: 1732.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 41.34 dB
ABM1 comp = -7.97 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =116.7 =41.34 dB
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T-Coil-LTE Band 4 (20MHz) _CH 20175_QPSK_1-0
Communication System: LTE; Frequency: 1732.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 31.81 dB
ABM1 comp =-12.71 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -12.5, 3.7 mm
dB

-8.18
-16.35
-24.53

-32.70

-40.88

0dB =38.96 =31.81 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -6.1, 2.7, 3.7 mm Diff: 12945
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T-Coil-LTE Band 12 (10MHz)_CH 23095 _QPSK_1-0
Communication System: LTE; Frequency: 707.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 41.39 dB
ABM1 comp = -8.71 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB=117.3=41.39dB
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T-Coil-LTE Band 12 (10MHz)_CH 23095 _QPSK_1-0
Communication System: LTE; Frequency: 707.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 31.43 dB
ABM1 comp =-11.38 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-8.19
-16.38
-24.56

-32.75

-40.94

0dB =37.26 =31.42dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -6.7, 2.3, 3.7 mm Diff: 12745
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T-Coil-LTE Band 66 (20MHz) _CH 132322_QPSK_1-0
Communication System: LTE; Frequency: 1745 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 41.13 dB
ABM1 comp = -5.19 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 4.2, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB=113.9=41.13dB
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T-Coil-LTE Band 66 (20MHz) _CH 132322_QPSK_1-0
Communication System: LTE; Frequency: 1745 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 32.09 dB
ABM1 comp =-15.48 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, -12.5, 3.7 mm
dB

-8.30
-16.60
-24.90

-33.20

-41.50

0dB =40.22 =32.09 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -74, 1.5, 3.7 mm Diff: 1.8345
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T-Coil-LTE Band 71 (20MHz)_CH 133297_QPSK_1-0
Communication System: LTE; Frequency: 680.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 41.57 dB
ABM1 comp = -8.60 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =119.8 =41.57 dB
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T-Coil-LTE Band 71 (20MHz)_CH 133297_QPSK_1-0
Communication System: LTE; Frequency: 680.5 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 31.66 dB
ABM1 comp =-15.73 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, -12.5, 3.7 mm
dB

-8.17
-16.34
-24.52

-32.69

-40.86

0dB =38.27 = 31.66 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -7.6, 0.6, 3.7 mm Diff: 1.5745
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T-Coil-WLAN 802.11b_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0S/m, ¢, =1;p=1 kg/m3

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
Sensor-Surface: Omm (Fix Surface)
Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
e Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA,;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)
General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 30.84 dB
ABM1 comp = -2.88 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 0, 3.7 mm
dB

-8.85
-17.70
-2b6.55

-35.40

-44.25

0dB =34.82=30.84 dB
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T-Coil-WLAN 802.11b_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 34.86 dB
ABM1 comp =-11.10 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-9.28
-18.57
-27.85

-37.14

-46.42

0 dB =55.35 = 34.86 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 4.1, 1.9, 3.7 mm Diff: 1. 1645
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Date: 2018/11/30

T-Coil-WLAN 802.11g_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 40.34 dB
ABM1 comp =-4.61 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 4.2, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =104.0=40.34 dB
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T-Coil-WLAN 802.11g_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 39.23 dB
ABM1 comp =-9.80 dBA/m
BWC Factor = 0.15 dB
Location: 0, -8.3, 3.7 mm
dB

-9.63
-19.25
-28.88

-38.50

-48.13

0dB =91.50=39.23 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 4.8, 4, 3.7 mm Duff: 0.86d45
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T-Coil-WLAN 802.11n(20M)_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 39.22 dB
ABM1 comp = -4.67 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 4.2, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =91.40=39.22 dB
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T-Coil-WLAN 802.11n(20M)_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 39.61 dB
ABM1 comp =-11.05 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0 dB =95.60 = 39.61 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 4.6, 4, 3.7 mm Diff: 1. 4148
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T-Coil-OTT_HSPA Band II_CH 9400

Communication System: HSPA; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 48.22 dB
ABM1 comp = -0.82 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =257.8 =48.22 dB
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T-Coil-OTT_HSPA Band II_CH 9400

Communication System: HSPA; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm,
ABM1/ABM2 = 35.35 dB
ABM1 comp = -8.47 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-9.85
-19.69
-29.54

-39.38

-49.23

0 dB =58.53 = 35.35 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 4.1, 0.1, 3.7 mm Diff: 12745
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T-Coil-OTT_HSPA Band IV_CH 1412

Communication System: HSPA; Frequency: 1732.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 48.47 dB
ABM1 comp = -0.89 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =265.1 =48.47 dB
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T-Coil-OTT_HSPA Band IV_CH 1412

Communication System: HSPA; Frequency: 1732.4 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm,
ABM1/ABM2 = 34.73 dB
ABM1 comp = -8.81 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-9.62
-19.24
-28.85

-38.47

-48.09

0dB =54.48=34.72 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 4.1, 0, 3.7 mm Daff: 1.2948
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Date: 2018/12/2

T-Coil-OTT_HSPA Band V_CH 4183

Communication System: HSPA; Frequency: 836.6 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 47.65 dB
ABM1 comp = -0.89 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =241.2=47.65dB
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T-Coil-OTT_HSPA Band V_CH 4183

Communication System: HSPA; Frequency: 836.6 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm,
ABM1/ABM2 = 35.82 dB
ABM1 comp =-9.13 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-4.71
-19.42
-29.12

-38.83

-48.54

0dB=61.82=35.82dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: 42, 1.6, 3.7 mm Diff: 1.6245
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T-Coil-OTT_LTE Band 2 (20MHz)_CH 18900_QPSK_1-0
Communication System: LTE; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

e Electronics: DAE4 Sn1336; Calibrated: 2018/8/6
o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 43.64 dB
ABM1 comp = -5.75 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, 0, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB =152.0 =43.64 dB
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T-Coil-OTT_LTE Band 2 (20MHz)_CH 18900_QPSK_1-0
Communication System: LTE; Frequency: 1880 MHz; Duty Cycle: 1:1
Medium parameters used: 0 =0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 32.58 dB
ABM1 comp =-12.93 dBA/m
BWC Factor = 0.15 dB
Location: -8.3, -12.5, 3.7 mm
dB

-8.57
-17.15
-2h. 72

-34.30

-42.87

0dB =42.57 =32.58 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -8, 0.2, 3.7 mm Duiff: 1 6645
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T-Coil-OTT_WLAN 802.11b_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm, dy=10mm
ABM1/ABM2 = 28.58 dB
ABM1 comp =-0.72 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, 0, 3.7 mm
dB

-9.19
-18.38
-27.58

-36.77

-45.96

0 dB =26.86 = 28.58 dB
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Date: 2018/12/2

T-Coil-OTT_WLAN 802.11b_CH 6

Communication System: WLAN 2.45G; Frequency: 2437 MHz; Duty Cycle: 1:1
Medium parameters used: 0 = 0 S/m, ¢, = 1; p = 1 kg/m®

Phantom section: TCoil Section

DASY5 Configuration:
e Probe: AM1DV3 - 3115; ; Calibrated: 2018/8/16
o Sensor-Surface: 0Omm (Fix Surface)

Electronics: DAE4 Sn1336; Calibrated: 2018/8/6

o Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;
o« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

General Scansl/y (transversal) 4.2mm 50 x 50/ABM SNR(x,y,z) (13x13x1):
Measurement grid: dx=10mm,
ABM1/ABM2 = 34.17 dB
ABM1 comp = -8.63 dBA/m
BWC Factor = 0.15 dB
Location: -4.2, -8.3, 3.7 mm
dB

-10.00
-20.00
-30.00

-40.00

-h0.00

0dB=51.11=34.17dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.)

Loc: -6.2, 3.7, 3.7 mm Diff: 15145
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19. DAE & Probe Calibration Certificate
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Glossary

DAE data acquisition electronics

Connector angle  information usad in DASY system to align probe sansor X to the robat
coordinale system

Methods Applied and Interpretation of Parametars
= DO Valtage Measuremant: Calibration Factor assessed for use In DASY system by
comparison with a calibrated instrument traceable to national standards. The flgure given
corresponds to the full scale range of the voltmeter in the respective range.
= Conneclor angle: The angle of the connector is assessed measunng the angle
mechanically by a tool Insered. Uncertainty Is not required.

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

& DO Vollage Measurement Linsarly: Verilication of tha Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offget voltage Is included in this
measuremeant,

«  Common mode sensitivily: Influence of a pesitive or negalive common moda valtaga on
the differential measurement.

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

= AD Converfar Values with inpuls shorted: Values on the intemal AD converter
comrasponding to 2ar Inpul voltage

= lnput Offset Measurement. Output voltage and statistical results over a large numbar of
Zero voltage measuremants,

s lnput Offzat Current; Typical value for information; Maximum channel input offsst
current, not congidering the input resistance.

= input resistance: Typical valua for information: DAE input resislance at the connector,
during intarnal auto-zaroing and during measurement,

= Low Battery Alarm Voltage: Typical value for information. Balow this voltage, a battery
alarm signal is generatad.

«  Power consumption: Typical value for information. Supgly currents in various operating
modes.
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DC Voltage Measurement
AT - Corwarter Aesolution nominal
High Ranga: 1158 = B ipV full anpe = -100...4+300 mV
Lo Aange 1ILSE = ainy fdlmnge = -1.....+3WY
DASY measummant paramstars: Auta Zam Time: 3 sec; Measudng ime: 3 sec

Calibration Factors X L z
High Range 403.344 £ D.02% (k=2) | 403.624 & 0.08% (k=F} | 203107 = 0.02% (k=2)
Low Aange 05102 £ 1.50% (k=) | 29AT03 4 1.50% (k=2) | 2.90683 = 1.50% (k=2)

Connector Angle

Conneclor Angle o ba used in DASY ayatem 2870 21"

Certilicate Moo DWES-1238_suglB Pagad ol 5
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Appendix (Additional assesaments oulside the scope of SC50108)
1. DC Vollage Linearity

High Rangs RAeading (u¥) | Difference (V) Error (%)
Channal X + gt 2000834 111 Dot
Channel X - Input 20005.65 056 o0
Channel ¥+ lnpul BOD034 22 oz 0,00
Channel ¥+ Input 2000347 .57 o0
Channel ¥ - Input 20006.35 EE 001
Channel £ + lrl.i.:.‘ud 20005222 -85 -0.00
ChannelZ  + Input 200027 218 am
ChannelZ - Input -30007.34 208 B.01
Low Range Reading (V) Difference (1Y) Error (%]
Channal X+ Input 2001.47 Do 0.01
Charmal X 4 Input o1 g2 B7g 03
Chennal X -Input 153,26 D58 A0
Chann=l ¥+ Input sonlEs | nar 0oz
Channel ¥  +Input o | om 205
Channal¥ - lnput Tea.a4 . 043 022
ChennalZ  +Input 200112 M 0.00
Chanmna| Z & Input | 2015 0,84 44
Chammal| Z - Imput a00.14 -1.18 0,58

2. Common mode sensitivity

DASY massuremenl pamamalans: Aulo Zero Time: § sec; Maasuring lime: 3 sec

Common made High Range Low Rangs
Input Voltags {(mv] Avarago Aeading (pv) Avaraga Aeading (V)
Channel X 200 604 472
200 413 4,78
Channed ¥ 200 .65 478
L) 2.6 T AR
Channel Z ] 200 22,40 22,18
-200 IB -;1 a3 | -390

3. Channel separation
DASY measuwemant paramatars: Auto Zom Time; 3 soo; Measuring time: 3 sac

Input Voltage (mV} | Channel X (u¥) | Channed ¥ {¥) Channel Z {u¥})
Channel X 200 i .12 -1.64
Channel ¥ 200 8,19 - 646
Channel Z 200 8.44 6.31
Cartilicale Mo: DME4-1336_Augi B Page 4 of 5
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4. AD-Converter Values with inputs shorted
DASY measuremant parameteds: Aute Zai Tivw: 3 s Measunng time:; 3 seo

High Range (L5B} Low Renge (LSB)
Channsl X 15668 16508
Chanmal ¥ 15807 164587
Channal 2 158585 15507

5. Input Offset Measurement
DASY maasuremen| parmales: Auio Zar Time: 3 sec; Maasunng time; 3 sec

Input 10ML
Average (V) | min Offset (iV) | max. Oftest ) | = E‘;L""“
Cleanned Jﬁ . .87 -0.00 2.62 036
Channel ¥ 353 287 4.50 034
Charnel I -0.18 -1.34 1.53 54
6. Input Offset Current
Maminal Ingut circultry offsat curmant on all channals: <2544
7. Input Resistance (Typica values for indarmaticn)
Zoroing (kOhm) Maasuring (MOhm)
Channel X | 200 200
Channe| ¥ 200 200
Channe| Z 200 200
8. Low Battery Alarm Voltage (Typical valuas for information)

Typical values Alarm Level (WDC)

Supply {+ Vec) ¥7.8

Bupply {- Vec) 78

9. Power Consumption (Typical values lor inlormatan)
Typical values Switched off (mA) | Stand by (mA) Tranamitting [mA)
:.Eup‘ph' |+ Ve 0.0 vB 14
| Supply |- Wez) =0.01 -8 -4
Carliticate Moo DAES-13236_AugiB Fage 5ol
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Calibration Laboratory of S,
r & 3 Schwelzerischer Kalibrierdienst

Schmid & Partner SS=rk s Matsuiuaad'éul:nnnlg:“

Engineering AG i%& E et witmrs e
Zeughausstrasse 43, 8004 Zurich, Switzerland ":/,,ﬁ,@' S swiss Calibration Service

el

Accradited by Ihe Swiss Accreditalion Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatorles 1o the EA
Multilaleral Agr for the recognition ef calibration certificates

e SSSTWMMSD)  cumomu ADVOSTIS Marte

D R S T T

Calibeation procedure(s)

Calibration date:

This calibration eerificate documents the traceability to national stendards, which realize the physical units of measursments [SI).
The messurements and the uncerainties with conlidence probability are given on the following pages and ere pari of the cerlificale.

All calibrations have been conductad in the closed labaratory facility: environment temperature (22 = 3)°C and humidity = 7088,

Calitwation Equiprment used (M&TE critical for calibration)

Primary Standards D i Cal Date {Cerfificate Mo.) Scheduled Calibration
Keithbey Multimetar Type 2001 SM: 0B10278 F1-Aug-17 (Mo, 21082) Aug-18

Reference Probe AM1DV3 SN: 3000 24-Aug-17 (Mo, AM1DW3-3000_Aug17) Aug-18

DAE4 SM: TE1 17-Jan-18 [No. DAE4-7TE1_Jan1B) Jan-19

Secondary Standards 1D # Check Date (in house) Scheduled Check
AMCC SNz 1050 01-0ct-13 (in house check Oct-17) Oci-18

AWM Sudio Measuring Instrument | SN; 1062 23-Fep-12 (in houss check Ost-17) Oct-19

Calibrated by:

Approved by:

Issusd: March 20, 2018

This calibration cerlificate shall nod ba reproduced axcapt in full without writhen approval of the laboratory.
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|References

(1]

2]

(3]

ANSI-C63,19-2007

American National Standard for Methods of Measurement of Compatibility between Wireless
Communications Devices and Hearing Aids.

ANS|-C83.19-2011

American National Standard, Methods of Measurement of Compatibility between Wireless
Communications Devices and Hearing Aids.

DASYS manual, Chapter: Hearing Aid Compatibility (HAG) T-Cail Extension

Description of the AM1D probe

The AM1D Audio Magnetic Field Probe is a fully shielded magnetic field probe for the frequency
range from 100 Hz to 20 kHz. The pickup coil is compliant with the dimensional requirements of
[1+2]. The probe includes a symmetric low noise amplifier for the signal available at the shielded
3 pin connector at the side. Power is supplied via the same connector (phantom power supply)
and monitored via the LED near the connecter. Tha 7 pin connector at the end of the probe does
not carry any signals, but determines the angle of the sensor when mounted on the DAE. The
probe supports mechanical detection of the surface.

The single sensor in the probe is arranged in a tilt angle allowing measurement of 3 orthogonal
field components when rotating the probe by 120° around its axis. It is aligned with the
perpendicular component of the field, if the probe axis is tilted nominally 35.3° above the
measurement plane, using the connector rotation and sensor angle stated below.

The probe is fully RF shielded when operated with the matching signal cable (shielded) and
allows measurement of audio magnetic fields in the close vicinity of RF emitting wireless devices
according to [1+2] without additional shielding.

Handling of the item

The probe is manufactured from stainless steel. In order to maintain the performance and
calibration of the probe, it must not be opened. The probe is designed for operation in air and
shall not be exposed to humidity or liquids. For proper operation of the surface detection and
emergency stop funclions in a DASY system, the probe must be operated with the special probe
cup provided (larger diameter).

Methods Applied and Interpretation of Parameters

Coordinate System: The AM1D probe is mounted in the DASY system for operation with a HAC
Test Arch phantom with AMCC Helmholtz calibration coil according to [3], with the tip pointing to
“southwest” orientation.

Functional Test: The functional test preceding calibration includes test of

MNaoise level

RF immunity {1kHz AM modulated signal). The shield of the probe cable must be well connected.
Frequency response verification from 100 Hz to 10 kHz.

Connector Rotation: The connector at the end of the probe does not carry any signals and is used
for fixation to the DAE only. The probe is operated in the center of the AMCC Helmholtz coil using a
1 kHz magnetic field signal. Its angle is determined from the two minima at nominally +120° and -
120° rotation, so the sensor in the tip of the probe is aligned to the vertical plane in z-direction,
corresponding to the field maximum in the AMCC Helmholtz calibration eoil.

Sensor Angle: The sensor filting in the vertical plane from the ideal vertical direction Is determined
from the two minima at nominally +120° and —120°. DASY system uses this angle to align the
sensor for radial measurements to the x and y axis in the horizontal plane.

Sensitivity: With the probe sensor aligned to the z-field in the AMCC, the output of the probe is

compared to the magnetic field in the AMCC at 1 kHz. The field in the AMCC Helmholtz coil is
given by the geometry and the current through the coil, which is monitored on the precision
shunt resistor of the coll.
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AM1D probe identification and configuration data

[Ttem AM1DV3 Audic Magnetic 1D Field Probe
| Type No SP AM1 001 BB
Serial No 3118 ]
Overall length 298 mm
| Tip diameter 6.0 mm (at the tip)
Sensor offset 3.0 mm (centre of sensor from tip)
Internal Amplifier 20 dB

Manutacturer / Origin | Schmid & Pariner Engineering AG, Zurich, Switzerland |
Manufacturing date | Novermber 15, 2011 |

Calibration data

Connector rotation angle  (in DASY system) 263.0° +- 3.6 © (k=2)
Sensor angle (in DASY system) 0.32° +/- 0.5 ° (k=2)
Sensitivity at 1 kHz (in DASY system) 0.00781 V / (A/m) +/- 2.2 % (k=2)

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

Uncertainty of Audio Band Magnetic Measurements
Unc. Prob. | v, | () (e3) Std. Une. | Std. Une.
Error Description Value [hst. ABM1 | ABM2 | ABMI1 ABM2
Probe Sensitivity
Reference Level +3.0% [ N 1 1 1 +3.0% +3.0%
AMCC Geometry +0.4% | R = E 1 +0.2 % +0.2 %
AMCC Current +1.0% | R i 1 1 +0.6 % +0.6 %
Probe Positioning during Calibr. | £0.1% | R V3 1 1 +0.1,% +0.1%
Noise Contribution +0.7% | R V3 [ 00143 |1 +0.0 % +0.4 %
Frequency Slope +5.9% | R 3 0.1 1.0 +0.3 % +3.5%
Probe System
Repeatahility [/ Drift +1.0% | R Wa [ 1 1 +0.6% +0.6%
Linearity / Dynamic Range +0.6% | R V3 1 1 +0.4 % +0.4 %
Acoustic Noise +1.0% | R va | 01 1 +0.1 % +0.6%
| Probe Angle | +23% | R [+v3 ]1 [ 1 | +1.4% [ £14% |
Spectral Processing +0.9% | R V3 1 1 +0.5 % +0.5%
Integration Time H.6% | N 1 1 5 +0.6 % +3.0%
Field Disturhation +H.2% | R 3 1 1 +0.1 % +0.1%
Test Signal
Ref. Signal Spectral Response H.6% | R 3 ] 1 +0.09% +0.4%
Positioning
Probe Positioning +1.9% | R R E 1 +1.1% +1.1%
Phantom Thickness +0.9% | R a3 1 1 +0.5% +0.5%
DUT Positioning +1.9% | R Va3 1 1 +1.1% +1.1%
External Contributions
RF Imterference +0.0% | R Wa 1 0.3 +0.0 % +0.0%
Tost Signal Variation +2.0% | R va [ 1 1 +1.2% +1.2%
Combined Uncertainty
Combined Std. Uncertainty (ABM Field) +4.1% +6.1%
Expanded Std. Uncertainty +8.1% +12.3%

End of report
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