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Hearing Aid Compatibility (HAC)
TEST REPORT

<For T-Coil Measurement>

Applicant Name SHARP CORPORATION

ddress of Appicant |0 Gk 5a5 8522, dapan
EUT Name Smart Phone

Brand Name SHARP

Model No. HR00204

FCC ID APYHRO00204

Date of Receive May. 25, 2014

Date of Test(s) Jun. 24, 2014

Date of Issue Jul. 03, 2014

Standards:

ANSI C63.19-2011

FCC RULE PART(S): 47 CFR PART 20.19(B)
HAC RATE CATEGORY: T4 (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.

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

Engineer Sr. Engineer

Sam Kuo John Yeh

Date: Jul. 03, 2014 Date: Jul. 03, 2014
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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.134, Wu Kung Road, New Taipei Industrial Park, Wuku District,
New Taipei City, Taiwan

Tel

+886-2-2299-3279

Fax

+886-2-2298-0488

Website

http://www.tw.sgs.com

3. Details of Applicant

Applicant Name

SHARP CORPORATION

Applicant Address

22-22, Nagaike-cho, Abeno-ku, CS & Env. Promotion Div. Quality
Compliance Dept. Osaka 545-8522, Japan

4. Description of EUT

EUT Name

Smart Phone

Brand Name

SHARP

Model No.

HR00204

FCC ID

APYHRO00204

MEID

99000527001210

Mode of Operation

XlcbmAa XIcDMA EVDO Rev.0/ Rev. A
DXLTE DAWLAN802.11 b/g/n (20M)
XIBluetooth
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CDMA
CDMA EVDO Rev.0/Rev.A

Duty Cycle LTE
WLAN 802.11 b/g/n(20M)

Bluetooth
CDMA (BCO) 824.7 848.31
CDMA (BC1) 1851.25 —  1908.75
CDMA (BC10) 817.9 — 823.1
TX Frequency Range [LTE FDD Band 25 1850 — 1915
(MHz) LTE FDD Band 26 814 — 849
LTE FDD Band 41 2496 — 2690
WLAN 802.11 b/g/n(20M) 2412 — 2462
Bluetooth 2402 — 2480
CDMA (BCO) 1013 — 777
CDMA (BC1) 25 — 1175
CDMA (BC10) 476 — 684
Channel Number LTE FDD Band 25 26140 — 26590
(ARFCN) LTE FDD Band 26 26740 — 26990
LTE FDD Band 41 39750 — 41490
WLAN 802.11 b/g/n(20M) 1 — 11
Bluetooth 0 — 78

e =S =N TS S
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5. Air Interfaces and Bands

Simultaneous Voice Over Digital
. Band Type C63.19 ]
Air- Interface Transmitter Transport OTT
(MHZ) Transport| tested -
but not tested capability
CDMA(BCO0) No
CDMA 1xRTT CDMA (BC1) VO Yes Yes, WiFi or Bluetooth No
CDMA (BC10) No
CDMA(BCO0) Yes
CDMA EVDO -
CDMA (BC1) DT NA Yes, WiFi or Bluetooth Yes
Rev.0/ Rev. A
CDMA (BC10) Yes
Band 25 Yes
LTE Band 26 DT NA Yes, WiFi or Bluetooth Yes
Band 41 Yes
WiFi 2450 DT NA Yes, CDMA/LTE Yes
Bluetooth 2450 DT NA Yes, CDMA/LTE No
VO= CMRS Voice Service
DT= Digital Transport

6. Test Environment

Ambient Temperature 21.7° C
Relative Humidity <80 %
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7. Description of test system

7.1 Measurement System Diagram for SPEAG Robotic

Fig. 1. The SPEAG Robotic Diagram

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

e 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).

e 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.

e 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.

e The function of the measurement server is to perform the time critical tasks such as signal

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.
[EZERE R - l"“ﬁéﬁi‘:#wf‘»’ iﬁf'§ﬁﬂﬂu;§;”4%ﬁﬁ;"l?1 ’ [ﬁJFﬁl"‘ﬂiﬁf[iﬂfﬂ?wo e iﬁéfﬁiﬂfi 2 }iJ?IF'IE;rH' * T fi'ﬁﬂl'}]"@m o

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

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

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 "% % #74* 2 £ F1 % 7 1 §& 134 5%

cARBRAHERFF DT | 1(886-2) 2299-3279 f (886-2) 2298-0488 Www.tw.sgs.com
Member of SGS Group



Report No. : ES/2014/50014
Page: 9 of 43

filtering, control of the robot operation and fast movement interrupts.

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

e A computer operating Windows 7.

e DASY5 software.

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

e The Test Arch SAM phantom

e The device holder for handheld mobile phones.

« Validation dipole kits allowing to validate the proper functioning of the system.

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
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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

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 caoill

AMCC

7.5 Phone Holder

Description

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

Phone Holder

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.
FRZERYE R - l"“*ﬁéf,i‘:# i iﬂ'iﬁﬁﬂﬁi/ﬁé{ﬁfl FIf [ﬁJFijl"“?f%ﬁfliﬁfv H%'f"{% e iﬁéﬁﬂﬂfi 2 }iJ?IF'IE;rH' * T fi'ﬁﬂl}]"@m o

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at ww.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.

ARRPHRG | AT

No.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#72* # 1 &

t (886-2) 2299-3279 f (886-2) 2298-0488

Wwww.tw.sgs.com
Member of SGS Group

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

FATMALEFRT 1B 13455



Report No. : ES/2014/50014
Page: 11 of 43

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 |85 dB
Dimensions: 19” X 65 X 270mm
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8. Measurement Procedure

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.

4) For Axial position, perform optimal SNR point measurement with a broadband signal —
determine Frequency Response.

5) Speech input level is -16dbm.
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Note.

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

#. Setting the maximum volume for EUT during measurement.

#. For the measurement, it do not use the “post-test measurement processing of results”.
#. Per KDB 285076 D01 v04 item 10)a, 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 separately.

At the present time the ANSI C63.19 standard does not provide simultaneous transmission
test procedures.

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.
FRZERYE R - l"“*ﬁéf,i‘:# i iﬂ'iﬁﬁﬂﬁi/ﬁé{ﬁfl FIf [ﬁJFijl"“?f%ﬁfliﬁfv H%'f"{% e iﬁéﬁﬂﬂfi 2 }iJ?IF'IE;rH' * T fi'ﬁﬂl}]"@m o

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request or accessible at ww.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 . 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.

No0.134,Wu Kung Road, New Taipei Industrial Park, Wuku District, New Taipei City, Taiwan 24803/#74* % 7 "% % #74* 2 £ F1 % 7 1 §& 134 5%
SABRBAHRFF AXF | ((886-2) 2299-3279 f (886-2) 2298-0488 WWW.tw.Sgs.com
Member of SGS Group



Report No. : ES/2014/50014
Page: 14 of43

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
(Coil 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 “Cail 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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10. Justification of held to ear modes tested

LTE, WIFI and other OTT data services are outside the current definition of a managed
CMRS service and are currently not required to be evaluated.
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11. 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 Tellephone parameters WD §ig_nal qu.ality
[(signal+noise)-to-noise ratio in decibels]
m 0 dB to 10 dB
12 10 dB to 20 dB
13 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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, Serial Date of Last | Date of Next
Manufacturer Device Type _ i _ i
Number Calibration Calibration
Schmid & Data
Partner acquisition DAE4 547 Mar.26,2014 | Mar.25,2015
Engineering AG Electronics
Schmid & . . . .
DASY52 Calibration Calibration
Partner Software N/A _ _
, , 52.8.8 not required | not required
Engineering AG
Schmid & , ,
Audio Magnetic
Partner , AM1DV3 3115 Mar.18.2014 | Mar.17.2015
_ _ 1D Field Probe
Engineering AG
Schmid & . . . .
Calibration Calibration
Partner AMMI SE UMS 010 AB 1028 , ,
_ _ not required | not required
Engineering AG
Schmid &
Partner AMCC SD HAC PO1 BA 1026 N/A N/A
Engineering AG
Schmid &
Test Arch SD
Partner HAC PO1 1047 N/A N/A
Engineering AG
Radio
R&S Communication CMU200 113505 May.08,2014 | May.07,2015
Test

ARRPHRG | AT
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13. Summary of Results
probe | |rcquency ABM2 aBM1 | SNR | ol
o Band Channel [(Ambient Noise) (dB A/m) | (dB) SNR
Position (MH2) (dB A/m) Rating
Axial 836.52 384 -41.21 3.61 44.82 T4

836.52

Radial(Y)

384

-48.21

-7.01

41.20

T4

Freq Resp

PASS

CDMA BC10

Frequenc _cOi
Probe aHeney ABM2 | apy1 | snr | Col
. Band Channel [(Ambient Noise) (dB A/m) | (dB) SNR
Position (MHZ) (dB A/m) Rating
Axial 820 560 -40.86 2.29 43.15 T4

Radial(Y) 820

560

-47.99

-6.97

41.02

T4

Freq Resp

PASS
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CDMA BC1

rrequency ABM2 T-coil
Probe
Band Channel |(Ambient Noise) ABM1 SNR SNR

Position (MHZ) (dB A/m) (dB A/m) | (dB) Rating

Axial 1880 600 -41.86 3.03 4489 | T4

Radial(Y) 1880 600 -47.49 572 | 41.77| T4

Freq Resp PASS
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14. Measurement Data
Date: 2014/6/24
HAC-T-Coil-CDMA (BCO) CH384

Communication System: UID 0, CDMA (0); Frequency: 836.52 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

e Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(X,y,z)

(13x13x1): Measurement grid: dx=10mm, dy=10mm
Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav
Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.15 dB

Device Reference Point: 0, 0, -6.3 mm
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Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category 0 dB to 10 dB

T1

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

= > 30 dB

Cursor:

ABM1/ABM2 = 44.82 dB
ABM1 comp = 3.61 dBA/m
BWC Factor = 0.15 dB
Location: 4.2, 16.7, 3.7 mm

T-Coil scan /General Scans/z (axial) wideband at best S/N/ABM Freq
Resp(X,y,z,f) (1x1x1): Measurement grid: dx=10mm, dy=10mm
Signal Type: Audio File (.wav) 48k _voice 300-3000 2s.wav

Output Gain: 53.6285

Measure Window Start: 300ms

Measure Window Length: 2000ms

BWC applied: 10.80 dB

Device Reference Point: 0, 0, -6.3 mm

Cursor:

Diff = 1.28 dB

BWC Factor = 10.80 dB

Location: 4, 16.9, 3.7 mm
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dB

-10.00
-20.00
-30.00
-40.00
-h0.00

0dB =174.2 = 44.82 dB

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

Loc: 4, 16.9, 3.7 mm Duff: 12845

] ] E—
20 or Freguency Response Lower Limit Upper Limit
15+ 20+
10+ 15F
C C "“-x___‘
c | 10 _ xh&
3T ]
[ '““-u_ﬁ

dB
dB;j-"u’m
]
)

.
E T It \\
-0E 5T
15f -0
204 u
107 10° 104
Hz
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Date: 2014/6/24
HAC-T-Coil-CDMA (BCO) CH384

Communication System: UID 0, CDMA (0); Frequency: 836.52 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

o Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/y (transversal) 4.2mm 50 x 50/ABM
SNR(X,Y,z) (13x13x1): Measurement grid: dx=10mm, dy=10mm

Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav

Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.15 dB

Device Reference Point: 0, 0, -6.3 mm

Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category

1 0 dB to 10 dB

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

T2 > 30 dB
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Cursor:
ABM1/ABM2 = 41.20 dB
ABM1 comp = -7.01 dBA/m
BWC Factor = 0.15 dB
Location: 0, 8.3, 3.7 mm

dB

0

-8.40

-16.80

-2h.21

-33.61

-42.01

0dB =114.9 =41.20dB
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Date: 2014/6/24
HAC-T-Coil-CDMA (BC10) CH560

Communication System: UID 0, CDMA (0); Frequency: 820 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

o Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(X,yY,z)
(13x13x1): Measurement grid: dx=10mm, dy=10mm

Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav

Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.14 dB

Device Reference Point: 0, 0, -6.3 mm

Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category

1 0 dB to 10 dB

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

T2 > 30 dB
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Cursor:

ABM1/ABM2 = 43.15 dB
ABM1 comp = 2.29 dBA/m
BWC Factor = 0.14 dB
Location: 4.2, 16.7, 3.7 mm

T-Coil scan (scan for ANSI C63.19-2007 & 2011 compliance)/General

Scans/z (axial) wideband at best S/N/ABM Freq Resp(x,y,z,f) (1x1x1):
Measurement grid: dx=10mm, dy=10mm
Signal Type: Audio File (.wav) 48k _voice 300-3000_2s.wav
Output Gain: 53.6285
Measure Window Start: 300ms
Measure Window Length: 2000ms
BWC applied: 10.79 dB
Device Reference Point: 0, 0, -6.3 mm
Cursor:
Diff = 1.59 dB
BWC Factor = 10.79 dB
Location: 4, 18.3, 3.7 mm
dB
0
-10.00
-20.00
-30.00
-40.00
-50.00

0 dB = 143.7 = 43.15dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.1)

Loc: 4, 18.3, 3.7 mm Duff: 1.5%4B
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Date: 2014/6/24
HAC-T-Coil-CDMA (BC10) CH560

Communication System: UID 0, CDMA (0); Frequency: 820 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

o Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/y (transversal) 4.2mm 50 x 50/ABM
SNR(X,Y,z) (13x13x1): Measurement grid: dx=10mm, dy=10mm

Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav

Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.14 dB

Device Reference Point: 0, 0, -6.3 mm

Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category

1 0 dB to 10 dB

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

T2 > 30 dB
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Cursor:
ABM1/ABM2 = 41.02 dB
ABM1 comp = -6.97 dBA/m
BWC Factor = 0.14 dB
Location: 0, 8.3, 3.7 mm

dB

0

-8.36

-16.72

-2h.07

-33.43

-41.79

0dB =112.5 =41.02 dB
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Date: 2014/6/24
HAC-T-Coil-CDMA (BC1) CH600

Communication System: UID 0, CDMA (0); Frequency: 1880 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

o Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/z (axial) 4.2mm 50 x 50/ABM SNR(X,yY,z)
(13x13x1): Measurement grid: dx=10mm, dy=10mm

Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav

Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.14 dB

Device Reference Point: 0, 0, -6.3 mm

Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category

1 0 dB to 10 dB

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

T2 > 30 dB
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Cursor:

ABM1/ABM2 = 44.89 dB
ABM1 comp = 3.03 dBA/m
BWC Factor = 0.14 dB
Location: 4.2, 16.7, 3.7 mm

T-Coil scan /General Scans/z (axial) wideband at best S/N/ABM Freq
Resp(X,y,z,f) (1x1x1): Measurement grid: dx=10mm, dy=10mm
Signal Type: Audio File (.wav) 48k _voice 300-3000 2s.wav
Output Gain: 53.6285
Measure Window Start: 300ms
Measure Window Length: 2000ms
BWC applied: 10.79 dB
Device Reference Point: 0, 0, -6.3 mm
Cursor:
Diff = 1.46 dB
BWC Factor = 10.79 dB
Location: 4, 16.8, 3.7 mm
dB
0
-10.00
-20.00
-30.00
-40.00
-50.00

0dB =175.7 = 44.89 dB
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General Scans/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.1)

Loc: 4, 16.8, 3.7 mm Duff: 1 4645
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Date: 2014/6/24
HAC-T-Coil-CDMA (BC1) CH600

Communication System: UID 0, CDMA (0); Frequency: 1880 MHz
Medium parameters used: 6 = 0 S/m, & = 1; p = 1 kg/m®
Phantom section: TCoil Section

DASY5 Configuration:

e Probe: AM1DV3 - 3115; ; Calibrated: 2014/3/18
e Sensor-Surface: Omm (Fix Surface)

o Electronics: DAE4 Sn547; Calibrated: 2014/3/26
e Phantom: HAC Test Arch with AMCC; ;

o DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

T-Coil scan /General Scans/y (transversal) 4.2mm 50 x 50/ABM
SNR(X,Y,z) (13x13x1): Measurement grid: dx=10mm, dy=10mm

Signal Type: Audio File (.wav) 48k_voice_1kHz_1s.wav

Output Gain: 27.3834

Measure Window Start: 300ms

Measure Window Length: 1000ms

BWC applied: 0.14 dB

Device Reference Point: 0, 0, -6.3 mm

Telephone parameters WD
signal quality

Category [(signal+noise)-to-noise ratio in
decibels]

Category

1 0 dB to 10 dB

Category 10 dB to 20 dB

T2

Category 20 dB to 30 dB

T3

Category

T2 > 30 dB
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Cursor:
ABM1/ABM2 = 41.77 dB
ABM1 comp = -5.72 dBA/m
BWC Factor = 0.14 dB
Location: 4.2, 8.3, 3.7 mm

dB

0

-§.45

-16.90

-2h.34

-33.79

-42.24

0dB =122.6 =41.77 dB
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15. DAE & Probe Calibration Certificate
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Behweicerischar Kalibihardk
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Barvize swizzess di larsiurm
Swiss Calioration Servipe

Aecredilnd by the Swiss Ascrediation Sevioe [S05) Accreditation Mo, SCS 108
The Swiss Accreditation Service is ang of 1l sigaslocies to the EA
Mullilateral Agresenent for the recogniition of calibrotion certiioates

Glossary
DAE

data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robat

coordinate system.

Methods Applied and Interpretation of Parameters

O Voltage Measurement; Calibration Factor assessed for use in DASY ayatam by
comparison with a calibrated instrumeant traceabls 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 assessad measuring the angle
mechanically by a tool insarted. Uncertainty is not required.

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

DO Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal cafibration voltage. Influence of offset voltage is included in this
rmaasuremant.

Comrmorn mode sensifivify: Influence of a positive or negative commen mode volizge on
the differential measurement,

Channel separation: Influence of a voltage en the neighbor channals not subject to an
input voltage.

AD Converter Valuss with inputs shorted: Valuas on Ihe intermal AD convarter
corespanding to Zero input voltage

Input Offset Measurement: Oulput voltage and statistical results over a large number of
zam voliage measurements.

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

Input resistance: Typical value far information: DAE input resistance at the connector,
during internal auto-zersing and during megsurement.

Low Battary Alarm Vollage: Typical valus for information. Below this voltage, a battery
alarm signal is ganeratad.

Fowsr consumption: Typical value for information. Supply currents In various operating
modes.
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DC Voltage Measurement
A - Canmveser ResaluSan nominal

High Ranga: 1IL8E = BApY, full range = -100...+300 mV
Low Fiange: 5B = iy, full Famge s 1. 3mY
DASY measuremant perametsrs: Auto Fero Tima: 3 seo; Measuring time; 3 sec
Calibration Factors X ¥ Z ]
High Rangs A0 032 £ 0U02% (k=) | 404,058 + 0.02% (k=2) | 404.202 + 0.02% (k=2} |
Low Range A.95713 £ 1.500% (k=2) | 206202 + 1.60% (k=2) | 297561 £1.50% (k=2) !
Connector Angle
mnnmur Angle io be used in DASY systam . 158.0°£1 1
Carificata ho; (ME4-547_Mari4 Page & af &
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Appendix
1. DC Voltage Linearity
| High Range | Reading (uv} Difterence (uV) Errar (%)
Channel X + Input 156965,.43 B0 -0.00
| Charinel X + liput 20004.43 415 | oo |
Channel ¥ - Input 1999769 325 | oe
Channel ¥ + Imput 160084 67 116 0,00
Channel ¥ + Input 1989643 =193 0.01
Channel ¥ = Input -20001 .87 085 0,00
Channel Z + Input 159957 48 1.41 0,00
Channel Z + Input 2000410 0.7H 0.00
Chanmnel £ - Input AN B3 #3533 oo
Low Range Reading {uV) Difference (L) Error (%)
Channel ¥ + Imput 200084 017 oot T
Channel X + Input | 201,77 0,45 042
Channael X - Imput -188.11 024 0,12
Channel ¥ + Input 200087 062 ooz |
Channel ¥ + Input | 20018 -0gg 0,34
Channel ¥ = Input -188.65 -087 044
Channel Z + Input 200053 0.21 0,01
| Channel Z + Input 200.38 -i40 -0.20
Channel £ = Input 19862 -05a 028
2. Common mode sensitivity
DASY measuremand paramatars: Auto Zare Time: 3 sac; Measuring Bme: 3 sac
Common mode High Range Low Fangs
Input Voltage (my) Average Reading (pv) Avmrage Reading (uv)
Channel X 200 18,66 1766
- 200 =14 52 -13.76
Channel ¥ 200 -6.88 743
- 200 348 4065
Channel Z 200 20.83 20,98
- 200 2242 -2 42

3. Channel separalion

DASY measursment pararmatars: Auto Zano Time: 3 sec; Measuring Hme; 3 seg
Input Voltage (mV) | Channel X (pV) | Channal ¥ [ITL] Channal Z (uV)
Channel X 20 253 212
| Ghannel ¥ 200 9.67 - 383
Channel 200 &.84 875 -
Cerlilicate Moo DAE4-527_Mara Page 4 o &
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4. AD-Converter Values with inputs shorted
DAEY measuremen] parsmabers: Auto Zore Teme: 3 sac; Measuring time: 3 sec

Report No. : ES/2014/50014

High Range (LSB) Low Range (LSE)
Channel X 18141 16478
Channel ¥ 16453 18523
Channel £ 155E4 17120
5. Input Offset Measurement
OAEY measurernant parameters: Auto Zaro Time: 3 sac; Measuring tme: 3 sec
Input 10MEE
. Sid. imti
Average (4V] | min, Offset (V) | max. Offaet (uV) D“‘:,:‘,]'“"““
Channel X 24 Q.78 352 047
Channel ¥ =051 =1.15 0.65 0.34
Channel Z -0.87 -1.88 R 0,45

Input Offset Current

Maminal Input circuitry offsat currand on all channets: <2518

7. Input Resistance (Tysical valuas jor mformation)

Zeroing (kOhm) Measuring (MOhm)
Channal X 200 2041
Channel ¥ 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage Typical valuss for Information)

Page:

Typical values Alarm Level (VDC)
Supply [+ Vo) +7.9
Supply (- Voo) =78
9. Power Consumption (Typical valuse for infermaSany
Typical values Swilched off (mA) | Stand by (mA) | Transmitting (ma)
Supply [+ Voao) +1M +3 +14
Supply (- Vee) 0.0 -3 | -
Cortificate Mo DAE4-54T_Mari4 Page S ol &
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[Referances

(1 AMSI|-CE3.19-2007
Amarican National Standard for Methods of Measurement of Compatibility between Wireleas
Communications Devices and Hearng Alds,

[2] AMSI-CEZA9-2011
American National Standard, Methods of Measuremen! of Compatibility between Wireless
Communications Devices and Hearing Akds.

[3] DASYSs manual, Chapter: Hearing Aid Compatiility (HAC) T-Coil Extensicn

Description of the AM1D probe

The AMID Audic Magneatic Fisld Probe iz a fully shielded magnetic fisld probe for the frequency
range fram 100 Hz to 20 kHz. The pickup coll s compliant with the dimensional requirements of
[1+2]. The probs includes a symmetric low noise amplifier for the signal aveilable at the shislded
3 pin conniector at the slde. Power & supplied via the same connector (phantam power supgly)
and manitored wia the LED near the connactar. The 7 pin connactar al the end of the probe does
rat carry any signals, but determines the angle of the sensor when mounted an the DAE. The
prabe supports meachanical detaction of the surfaca.

Tha single sensor in the probe is arranged in a tilt angle allowing measurement of 3 orthogonal
fiedd componants whaen rotating the probe by 120° arownd its axis. N is aligned with the
perpendicular component of the fisld, if the probe axls s tited nominally 35.3° above the
maasurament plane, using the connector rolation and sensor angle stated below,

The probe is fully RF shislded when operated with the matching signal cable (shieldad) and
allows measurement of avdio magnebic fiekds in the close vicinily of AF emitling wireless devices
according 1o [1+2] without additional shielding.

Handling of the item

The probe is manufactured from stainless steel. In ordar to maintzin the pariormancs and
callbration of the probe, it must not be opened. The probe s designed for operation in alr and
shall not be exposed o humidity or liquids. For proper oparation of the surface detection and

emarpancy stop functions in a DASY system, tha probe must be operated with the spacial probe
cup provided (Jarger diameter).

Methods Applied and Interpretation of Parameters

Coondinate System: The ANMID probe is mounted in the DASY system for operation with a HAG
Test Arch phantom with AMCC Helmboltz calibration coil according 1o [3], with the tip pointing 1o
"souihwest" orientation.

= Functional Test: The functional test preceding calibration includes test of
MNoiza level
RF immunity {1kHz AM modulated signal). The shield of the probe cable must be wall connected.
Fraguency responsa verification from 100 Hz to 10 kHz.

= Connecior Rotation: The connecios at the end of the probe does not carmy any signals and is used
for fixation 1o the DAE caly, The probe s operaied in the canter of the AMCC Helmholtz coil using &
1 kHz magnetic lield signal. lts angle |s determined from the two minima at nominally +120" and —
1207 rotalion, so ihe sensce in the tip af the probe s aligned 1o the vertical plane in z-directlon,
corrasponding to the field maximum in the AMCC Helmholle calibeation coil,

= Sensor Angle: The sensor litong in the verdical plana from the ideal vertical direction is detenmmined
from the two minima at nominally +120° and =120°. DASY system wses this angle 1o align the
sensor for radial measurements 1o the » and y axis in the harizontal plana,

Senzitivity; With the probe sensor aligned to the =-field in the AMOCC, the output of the probe is
comparad to the magnetic fisld in the AMCC at 1 kHz. The field in the AMCC Halmholtz coll is
given by the geamedry and the current through the ooll, which is monitiored on the precision
ghumt registar of the coll,

Carficata Mao; AMIDVI-3115_Marld Page 2al 3
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AM1D probe identification and configuration data

Item AMTDV3 Audic Magnetic 10 Field Probe
Type No SP AMT 001 BB

Serial Mo ELRE

Owerall length 206 mm

Tip diameder 5.0 mr {at the tip)

Sensor offset 3.0 mm [centre of sensor from tip)

“Internal Amplifier

20 dB

Manuiaciurer £ Origin

Schmid & Partner Enginearng AG, Zirich, Switzerand

| Manufacturing dale

Movember 15, 2011

| Last calibration date

March 25, 2013

Calibration data

Conmector rotation angle

Sensor angle

Senaitivity at 1 kHz

{in DASY systarn) 2587 ° 367 (k=D)
(in DASY system) 0,60 " +- 0.5 * (k=2)
(in DASY system] 000791 V/(Am)  +-2.2% (k=2)

Page

The reported uncertainty of measurement is staled as the standard uncertainty of measuremant
multiplied by the coverage factor k=2, which for a nommal distribution corresponds to a coverage
prabability of appraximately 85%.
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16. Uncertainty Budget

End of 1% part of report
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