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Hearing Aid Compatibility (HAC)
TEST REPORT

<For RF-Emission Measurement>

Model No.(EUT): Smartphone

Company Name Unimax communications

Company Address 18201 McDurmott St.West Suite E,Irvine,CA 92614
FCCID P46-U504TL

Date of receive Oct. 29, 2018

Date of Issue Dec. 04, 2018

Standards:

ANSI C63.19-2011

FCC RULE PART(S): 47 CFR PART 20.19(B)
HAC CATEGORY: M4 (M 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

Sr. Engineer Asst. Manager
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Matt Kuo ' Lot John Yeh
Date: Dec. 04, 2018 Date: Dec. 04, 2018

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

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%

e BRREAHEKRFF AP | 1(886-2) 2299-3279 f (886-2) 2298-0488 WWW.tW.Sgs.com
Member of SGS Group



Report No. : E5/2018/A0019

Page :

Revision History

2 of 52

Report Number

Revision

Description

Issue Date

E5/2018/A0019

Rev.00

Initial creation of document

Dec. 04, 2018

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.

SRRAPHERSF LR

1 (886-2) 2299-3279

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

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%

f (886-2) 2298-0488 WWW.tw.Sgs.com
Member of SGS Group




Report No. : E5/2018/A0019
Page: 3 of 52

Table of Contents
IO AU ON e e e 4

1= (] Lo T = oTo] = 1 (o) VAP PPTP 5
. Details of APPHCANT .......i e e 5
D I =TS o3 o 1o o o) = N P 6

0o N O Ok WODN -

CAIrInterfaces and BandS..........ooooveiiiiiiii e 7
LTS ENVIFONMENT ...ttt e e et e e e e e e e et eeeaeaas 8
. Description of teSt SYSIEM.........iiiiiiiiiiiiiie e 9
cTESE PrOCEAUIE. ... e e et e e e e e e e e e e e e e aaees 12
9. Modulation Interference FacCtOr.............oouuiiiiii e 14
10. Justification of held to ear modes tested.............ooiiiiiiiiii s 16
11. ANSI C63.19-2011 performance and Categori€s.........ccuuuuiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeee 18
12. INSIFUMENTS LISt .. oot e e et e e e ea e e e eeaeas 19

13. DAE & Probe Calibration Certificate ...........coouvuiiiiiii e 21
14. Uncertainty BUAQet ........ooiiiiiiiiiiiiiiiiiiie et 37
15. System Validation from Original Equipment Supplier...........cccoooiiieiiiiiiii e, 38

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

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%

e BRREAERFF IXP | 1(886-2) 2299-3279 f (886-2) 2298-0488 WWW.tW.Sgs.com
Member of SGS Group



Report No. : E5/2018/A0019
Page: 4 of 52

1. Introduction

The purpose of the Hearing Aid Compatibility is to enable measurements of the near
electric fields generated by wireless communication devices in the region controlled for
use by a hearing aid in accordance with ANSI-C63.19-2011

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 fields emitted by a WD
to categorize these emissions for correlation with the RF immunity of a hearing aid.

Hence, the following are measurements made for the WD:
RF E-Field emissions

The measurement plane is parallel to, and 1.5cm in front of, the reference plane.

Applications for certification of equipment operation under part 20, that a manufacturer
is seeking to certify as hearing aid compatible, as set forth in §20.19 of that part, shall
include a statement indication compliance with the test requirements of §20.19 and
indicating the appropriate U-rating for the equipment. The manufacturer of the
equipment shall be responsible for maintaining the test results.
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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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Model No.

us04TL

FCC ID

P46-U504TL

Mode of Operation

XLTE FDD

[XIWCDMA [X|Bluetooth
[XIWLANB802.11b/g/n/(20M)

Duty Cycle

WCDMA

LTE FDD

WLANBS02.11b/g/n(20M)

Bluetooth

— | | |

TX Frequency Range
(MHz)

WCDMA Band |l

1850 — 1910

WCDMA Band IV

1710 — 1755

WCDMA Band V

824 25 849

LTE FDD Band 2

1850 = 1910

LTE FDD Band 4

1710 & 1755

LTE FDD Band 12

699 — 716

LTE FDD Band 66

1710 — 1780

LTE FDD Band 71

665.5 — 6955

WLANBS02.11 b/g/n(20M)

2412 — 2462

Bluetooth

2402 — 2480

Channel Number
(ARFCN)

WCDMA Band |l

9262 — 9538

WCDMA Band IV

1312 — 1513

WCDMA Band V

4132 & 4233

LTE FDD Band 2

18607 — 19193

LTE FDD Band 4

19957 — 20393

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 Type C'Aél;lﬁlg Simultaneous | Name of Voice Power
Interface (MHz) yp i Transmitter Service Reduction

Tested
850
1700 vo |  Yes CMRS Voice
WCDMA 500 (Note 1.) | BT and Wi-Fi NA

HSPA DT No NA

Band Yes o
LTE 1 oumomert | VP (Note 1.) BT and Wi-Fi VoLTE NA

Yes BT and

Wi-Fi 2450 VD WCDMA, Wi-Fi calling NA
(Note 1.) LTE

Wi-Fi and
BT 2450 DT NA WCDMA, NA NA
LTE

VO: Legacy Cellular Voice Service from Table 7.1 in7.4.2.1 of ANSIC63.19-2011
DT: Digital Transport (no voice)
VD: IP Voice Service over Digital Transport

Note
1. It applies the low power exemption based on ANSIC63.19-2011
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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

l‘/‘)‘—_\ ‘\:
\‘- [

robaot conirolier

CSEC

Fig.1 The SPEAG Robotic Diagram

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

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

* E Field 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.
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* A computer operating Windows 7.

* DASYS5 software.

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

* The Test Arch 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 E Field Probe

Construction One dipole parallel, two dipoles
normal to probe axis

Built-in shielding against static
charges

PEEK enclosure material
Calibration In air from 100 MHz to 3.0 GHz
(absolute accuracy +6.0%, k=2)
Frequency (extended to 20 MHz for MR),
Linearity: £ 0.2 dB (100 MHz to 3

GHz) ER3DV6 E-Field Probe
Directivity 1+ 0.2 dB in air (rotation around probe axis)

1 0.4 dB in air (rotation normal to probe axis)

Dynamic Range |2 V/m to > 1000 V/m; Linearity: £ 0.2 dB

Dimensions Tip diameter: 8 mm
Distance from probe tip to dipole centers: 2.5 mm

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

7.4 Phone Holder

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

Phone Holder
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Test Instructions
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probes and instrumentation

= Position WD

= Configure WD TX operation
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1
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=  Scan Area

Per S.hd 2 (d=63)

L

o Identily eaclusion area.
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to determine maximum

= Direct method: Record RF
Audio Interference Level in
dB(V/m)

#  Indirect method: Add the MIF
to the maximum steady state
rms field strength and record
RF Audio Interference Level
in dB{V.im)

Pior Sl 2 (729 & Sl 3

l

* Identlfy and record the
category

Per S.d..2 (9=10)

Fig.2 RF emission flow chart
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The following illustrate a typical RF emissions test scan over a wireless
communications device (Indirect method):

1.

Proper operation of the field probe, probe measurement system, other
instrumentation, and the positioning system was confirmed.

WD is positioned in its intended test position, acoustic output point of the device
perpendicular to the field probe.

The WD operation for maximum rated RF output power was configured and
confirmed with the base station simulator, at the test channel and other normal
operating parameters as intended for the test. The battery was ensured to be fully
charged before each test.

The center sub-grid was centered over the center of the acoustic output (also audio
band magnetic output, if applicable). The WD audio output was positioned tangent
(as physically possible) to the measurement plane.

A surface calibration was performed before each setup change to ensure
repeatable spacing and proper maintenance of the measurement plane using the
HAC Phantom.

The measurement system measured the field strength at the reference location.
Measurements at 5mm increments in the 5 x 5§ cm region were performed and
recorded. A 360° rotation about the azimuth axis at the maximum interpolated
position was measured. For the worst-case condition, the peak reading from this
rotation was used in re-evaluating the HAC category.

The system performed a drift evaluation by measuring the field at the reference
location.

Note.

Per KDB 285076 D01 v05 2.c) 1), handsets 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. Modulation Interference Factor

For any specific fixed and repeatable modulated signal, a modulation interference
factor (MIF, expressed in dB) may be developed that relates its interference potential to
its steady-state rms signal level or average power level. This factor is a function only of
the audio-frequency amplitude modulation characteristics of the signal and is the same
for field-strength and conducted power measurements. It is important to emphasize
that the MIF is valid only for a specific repeatable audio-frequency amplitude
modulation characteristic. Any change in modulation characteristic requires
determination and application of a new MIF

The MIF may be determined using a radiated RF field or a conducted RF signal,

b) Using RF illumination or conducted coupling, apply the specific modulated signal
in question to the measurement system at a level within its confirmed operating
dynamic range.

c) Measure the steady-state rms level at the output of the fast probe or sensor.

d) Measure the steady-state average level at the weighting output.

e) Without changing the square-law detector or weighting system, and using RF

illumination or conducted coupling, substitute for the specific modulated signal a 1

kHz, 80% amplitude modulated carrier at the same frequency and adjust its strength

until the level at the weighting output equals the step d) measurement.

f) Without changing the carrier level from step e), remove the 1 kHz modulation and
again measure the steady-state rms level indicated at the output of the fast probe
Or Sensor.

g) The MIF for the specific modulation characteristic is provided by the ratio of the
step f) measurement to the step c) measurement, expressed in dB (20 x log(step
f))/step c)).
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Based on the KDB285076D01v05, the handset can also use the MIF values
predetermined by the test equipment manufacturer, and the following table lists the
MIF values evaluated by DASY manufacturer (SPEAG), and the test result will be
calculated with the MIF parameter automatically.

SPEAG UID| UID version Communication system MIF(dB)
10011 CAB (9.25.2018) UMTS-FDD (WCDMA) -27.23
10061 CAB (9.25.2018) IEEE 802.11b WiFi 2.4 GHz -2.02
10077 CAB (9.25.2018) IEEE 802.11g WiFi 2.4 GHz 0.12
10170 CAE (9.25.2018) | LTE-FDD (SC-FDMA,1RB, 20MHz,16-QAM) | -9.76
10176 CAG (9.25.2018)| LTE-FDD (SC-FDMA,1RB, 10MHz,16-QAM) | -9.76
10178 CAG (9.25.2018)| LTE-FDD (SC-FDMA,1RB, 5MHz,16-QAM) | -9.76
10182 CAE (9.25.2018) | LTE-FDD (SC-FDMA,1RB, 15MHz,16-QAM) | -9.76
10185 CAE (9.25.2018) | LTE-FDD (SC-FDMA,1RB, 3MHz,16-QAM) | -9.76
10188 CAF (9.25.2018) | LTE-FDD (SC-FDMA,1RB, 1.4MHz,16-QAM) | -9.76
10591 AAB (9.25.2018) IEEE 802.11n(20MHZz) -5.59
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10. Justification of held to ear modes tested

I. Analysis of RF air interface technologies

Based on ANSI. C63.19-2011. An RF air interface technology of a device is exempt
from testing when its average antenna input power plus its MIF is <17 dBm for any of
its operating modes. If a device supports multiple RF air interfaces, each RF air
interface shall be evaluated individually.

The MIF plus the worst case average power for all modes are investigated below to
determine the testing requirements for this device.
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Il. Low power exemption

Maximum Maximum
Average | Worst case Average Low power
Air interference Antenna MIF Antenna input exemption
input power (dB) power + MIF

(dBm) (dBm)
WCDMA Band |l 23.7 -27.23 -3.53 Yes

WCDMA Band IV 23.7 -27.23 -3.53 Yes
WCDMA Band V 23.7 -27.23 -3.53 Yes
LTE B2 24 -9.76 14.24 Yes

LTE B4 24.5 -9.76 14.74 Yes

LTE B12 24.5 -9.76 14.74 Yes
LTE B66 23.5 -9.76 13.74 Yes
LTE B71 24.5 -9.76 14.74 Yes
WLAN 802.11b 14 -2.02 11.98 Yes
WLAN 802.11g 13 0.12 13.12 Yes
WLAN 802.11n20 13 -5.59 7.41 Yes

# We used the predetermined MIF to evaluate the low power exemption.

# Based on ANSI C63.19-2011, RF emission testing for WCDMA/LTE/WLAN is
exempted.

# Based on ANSI C63.19-2011, WCDMA/LTE/WLAN that is exempted from
testing shall be rated as M4.
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11. ANSI C63.19-2011 performance and categories

The measurements were performed to ensure compliance to the ANSI C63.19-2011
standard,

Category E-Field Emissions dB(V/m) < 960MHz

M1 50-55

M2 45-50

M3 40-45

M4 <40

Category E-Field Emissions dB(V/m) > 960MHz

M1 40-45

M2 35-40

M3 30-35

M4 <30
WD RF audio interference level categories in logarithmic units
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12. Instruments List
. Serial Date of last |Date of next
Manufacturer Device Type N o
number calibration | calibration
Schmid & Partner .
_ _ E-Field Probe ER3DV6 2306 Mar.22,2018 |Mar.21,2019
Engineering AG
CD835V3 1052 Mar.14,2018 |Mar.13,2019
Schmid & Partner| System Validation
, _ , CD1880V3 1044 Mar.14,2018 |Mar.13,2019
Engineering AG Dipole
CD2450V3 1044 Mar.14,2018 |Mar.13,2019
Schmid & Partner| Data acquisition
_ _ _ DAE4 1336 Aug.06,2018 |[Aug.05,2019
Engineering AG Electronics
Schmid & Partner DASY52 Calibration | Calibration
) : Software N/A Y .
Engineering AG 52.10.1 not required | not required
. . . . Calibration | Calibration
Agilent Dielectric Probe Kit| 85070D |US01440168 ] .
not required |not required
Adilent Dual-directional 772D MY52180142| Jul.04,2018 | Jul.03,2019
ilen
g coupler 778D |MY52180302| Jul.05,2018 |Jul.04,2019
RF Signal
Agilent ) N5181A MY50144143|Mar.15,2018 |Mar.14,2019
Generator
Schmid & Partner Calibration | Calibration
_ _ Test Arch SD HAC PO1 1047 ) .
Engineering AG not required | not required
Agilent Power Meter E4417A MY52240003|Dec.21,2017 |[Dec.20,2018
MY52200003|Dec.21,2017 |Dec.20,2018
Agilent Power Sensor E9301H
MY52200004|Dec.21,2017 |Dec.20,2018
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Serial Date of last |Date of next

Manufacturer Device Type number calibration | calibration

Radio
R&S Communication | CMU200 113505 |Dec.20,2017 |Dec.19,2018
Teser
Radio
R&S Communication | CMW 500 143913 | Apr.29.2018 |Apr.28.2019
Tester
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13. DAE & Probe Calibration Certificate

Calibration Laboratory of AN e
S Sohmelzerischer Kalibrier dinnst

Schmid & Pariner = Sarvice ssisas diétslonnags
Engineering AG —_— Servizio svizzero di taratura

Foughiussiasss 43, B0 Furich, Switssriand 12:5?_/;_-\:"‘::{} Swing Colbration Service

ahul®

Apcredhcd by the Ewiss Ancrediaton Saries (SA8) Accreditation Mo SCS 0108

The Ewiss Accreditation Sarvics i one of Bk sigratores 1o the E&

WaHilmtaral &g far the grition of calibration certdicates

Chen SGS5-TW (Auden) Carificsw Mo DAES-1336_Augls

[CALIBRATION CERTIFICATE

Oijsct DAE4 - S0 000 D04 BM - SN: 1336

! Cabbmion posadum(s) O& CAL-D5 v2a
| Calibraticn procedure for the data scguisition electranics (DAE)

Calizralion taie August 08, 2018

This callbration cartificate cocuments the raceabiity 1o rational standarnds, which realize tha prysical units of messwersants (515
Tha maasuremants and the uncerainiies with confidenca probabiliy ane giean on Tha folosing pagas and ana par ol 1he cerificals

A1l caliralinn hines ean condhucied in B cosed laborwiory lacility arvinonment empeesiure (22 = 370 and remidiy < T0%.

Calibration Equipment used [METE criical for caflbraion]

| Frimary Siandarss ] B Cal Datn [Cerificai o) Bebwaibed Caliorstion
Hatley Multmator |y 2001 |"‘.-»-|'\ oEoeTE Ao 1T [Mo:21082 | Aug-18

Secondary Standards L] Chick Diaba (in Fouse) Sorwiubed Gheck
Auto DAE Calfbration Uni | BE LIPS 053 AA 1001 04-Jane 18 [in house chaok} In housa chaok: Jan-18
Calbrator Bom W21 | SE LIS 006 Al 1002 Odedan-18 [in housa chack I hivitsa chack: Jan-10
|
|

Hartia Furcson Sigmalum
Caliteated by Dominigue Sleten Laboeaicry Technician s s

S
Approve iy nn Kt Deputy Manape \'I.-]h"l a LLLU*J-"'

Isued: Auguet G, 2018

This cabbration certficasle shal nol be seprocuosd aaepl is ull sehout wilken apprrsl ol e IBDomsieny

Cortificate Mo: DAES-1335_Aug1 B Papa 1 od &
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Calibration Laboratory of SR, G Sehweizarachar Katriordier
Schmid & Partnar ot Barvics niilsse détalomnage
Enginearing AG e ¥ ol T ——————
Zeughaussirasse 43, 3004 Zurich, Switzerland "’v_,:fllﬁ_{;}f S Ewles Callbration Service
A
Asradind by he Swiss Acedinlion Sereice (545 Accreditation Me: SCS 0108

Tre Swiss Accrediation Serdos ls one of the signatorios to the EA
Multllateral Agreement for e recognition of calibration certificaies

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sansor X ta the robat
coordinate system,

Methods Applied and Interpretation of Parametars
= [ Voltage Measurement: Calibration Factor assessed for use In DASY system by
comparison with a calibrated instrument traceable to national standards. The flgure givan
cormesponds to the full scale range of the voltmeter in the respective range.
*« Conneclor angle: The angle of the connector is assessed measuring the angle
mechanically by a tool insarted. Uncertainty 13 not required.

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

& DO Voltage Measurement Linaarity: Verification of tha Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offget voltage is included in this
measurement,

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

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

® AD Converter Values with inpuls shorted: Values on the intemal AD converter
coasponding to 2ar Input voltage

s Inpuf Offset Measurement Output voltage and statistical results over a large numbar of
zero voltage measurements.

s Input Offzat Currant: Typical value for information; Maximum channel input offsst
current, not considering the input resistance.

= Input resistance: Typical valua for information: DAE input resistance at the connector,
durning intarnal auto-zerobng 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. Supply currents in varicus operating
modes.

Carificate Na: DAE4-1338_sfugia Paga 2ot &
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DC Voltage Measurement
A/ - Carwarier Aesclution nominal
High Ranga: 1LE8 = ERITL) ful range = -100...+300 my
Loy Fanga 1LSE = ainY | fllmnga = -1.....+3Wy
DASY measummant parametars: Auta Zam Time: 3 sec; Measurng time: 3 sec

Calibration Factors X L z
High Range A403. 344 + 0.02% (k=2) | 405.624 + 0.02% (k=F) | 203107 £ 0.02% (k=F)
Low Range 5.85102 + 1.60% (h=2) | 398703 + 1.50% (k=F) | 3.99683 £ 1.50% (k=2)

Connector Angle

Connector Angle to ba used in DASY aystam 2EFH 21"

Cerlificate Mo: DAE4-1338_AuglB Pagad s
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Appendix (Additional assessments outside the scope of SC50108)
1. DC Voltage Linearity

High Ranga Resding (LV) Difference {§V) Error (%)

Channel X + Inpat FO0042, 58 8.65 000

Channel X + Input 20006.34 1.11 |

Channel X = Inpat 20005.65 -0.58 000

Channel ¥ + Input 00034.22 L1 R F4 0.00

Chanmel ¥ + Input 2000347 457 0.0

Channel ¥ - st 20008, 38 B K3 0o

Channel Z + Iyt 20005222 -2.08 «1.08n

Channel Z + Inpust 20002, 78 214 0.01

Channel - Inpust 2000734 -2.08 0.1

Low Range Readiineg (V) Ditference (V] Ermor (%)

Channel X + Inpst 2001.47 030 0.01

Channal X + Input an g2 0re 0.3 |
1

Channal X = Impust -1848.26 | nuse 030 |

Chennsl ¥+ Input _eomss | nar 0.0z l

Channel ¥ + Input 20097 | -0.11 .05

Channal ¥ - Input 169,34 0,43 0,22

Chennal £ + Inpuat 2001.42 0D 0.00

Chanmne| Z + Input 20,15 0.3 - 044

Channel Z = Input 0014 1,18 1,58

2. Commean mode sensitivity
DASY maasurerment paramalans: Aulo Serd Time: § sec; Massuring flime: 3 sec

Comman made High Range Low Flangs
Input Voltaga (mvy} Avarage Reading (pv) Avarage Aeading {pv)
Channel X 200 B.04 472
00 4,13 4.7
Channil ¥ 200 3,65 BT
- g 2.6 T AB
Channel | 200 2240 2218 |
- 200 o -E*-1.BBv o -25.10

3. Channel separation
DASY measuremant paramatars: Auto Zemo Tima: 3 seq; Measuring tima: 2 sac

Input Voltage (mV) | Channel X (p¥) | Channed ¥ (V) Chanmnel Z (uv)
Channel X 200 g 6.12 -1.6d
Channel ¥ O 9,19 § .46
Channel Z 200 8.44 6.31
Cartificale Mo DME4-1336_Augl B Pape 4 ol 5
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4. AD-Converter Values with inputs shorted

Report No.
Page: 25

: E5/2018/A0019
of 52

DASY measuremant pararmsted: Aute Zai Tire: 3 sec; Measunng time: 3 sec
High Rangm (LS8} Low Range (LSE)
Channs| X 15666 16508
Chanmal ¥ 15807 16867
Channel Z 15858 15507
5. Input Ofiset Measurement
DASY maasurement parsmaies: Aulo Zaro Time: 3 sac; Maasuning ftimea; 3 sec
Inpiut 0D
Average (V) | min. Offset (uV) | mex. Ofeet ) | = ':_‘['::,'i‘l""
Channel X | .87 -0.0) 2.62 036
Channel ¥ 3.53 2B7 4.56 0234
Charnel Z -0.18 -1.34 1.53 .54
6. Input Offset Current
Maminal Ingut circultry offsat currant on all channels: <2544
7. Input Resistance Typical values for infarmation)
Zeroing (kOhm) Maasuring (MOKm)
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) B ¥7.8
Bupply {- Vee) 7.8
9. Power Consumption (Typical values lor inlosmation)
Typical values Switched off (mA) | Stand by (mA) |  Transmitting (mA)
| Supply [+ Veo) +0.01 +6 +1d
| Supply (- Wez) 0.1 -8 -4
Gartiticate Moo DAES-1336_Aug1 B FPage 5ol
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Calibration Laboratory of ANy
% A Schweizarschor Kalibrardisred
EL‘J‘lI‘I‘I.ﬂ & I-?"EII'II'IEI' i \"Jk— g Sarvice suiske dilalermegs
Engineering AG E—, s Barvizie svizzers di taratura
Fpughnuseirasse 43, B0 Zarieh, Swiksesland *{Mﬁ}ﬂ:{' Swvism Calibration Servioe
Al
Aceruciing by The Swess Accreciation Service (SAS) Bcoreditation Me.: 3CS 0108

The Fwiss Accreditotion Service is ane af the signaicries o the E8
Multilataral Agevamant b the moognition of calbraton cortifioaies

client | SGES-TW (Auden) Corsficate Ho: ER3-2306 Marig
[CALIBRATION CERTIFICATE . |
Object ER30VE - BMN:2306
Calizration proopderes) QA CAL-0Z w8, ﬂﬁ%ﬁhﬁ
Calibration mmqwmmnmm clasa near figld
evaluations in alr
Clibraian clabs: March 22, 2018

This cabbration cadificats documents the tracsabify to national standards, whioh realize tha physizal unis of matEumnive (S1).
The measuremants and tha uncarainties wilh confdanca protabiity are ghwn om the following papes and am par of the cedificate.

All calibrastans have besn conducted n the closed laboratory facikhy: emvicorment femperaiure (22 + J31°C and humidity < T0%

Calitwabicn Equipman wsed (WATE crilical for calibration)

Primary Standards 1) Cal Dale {Certificals o) Schachded Cabbration
| Power meter NRF_ SN: 147TR | D&-Apr17 {No. F17-025T 12533 Apr-A
Perar senzor HRP-201 B idrkidd fa-Apr-1F fho. 30 F-02531) Apr-18
Porwar samaor NRP-791 SH; 103245 08-Apr-17 fha. H7-02535) Apr-18
Rolwonce 20 dB Aftonuator | SN: SE277 (30W) | OF-Apr17 (Mo, 21702538} Apr18
Reference Frobe ERIDVE EN: It T (b, ERS- 25 I}m.'j Coi-18 &
| DAE4 SH; T | 2-Aisr17 (Mo, DAES-TRD_AugiT) Aia-18
1
Secondary Standards i Check Date fin house) Scheduled Check
| Pm meter E44 180 SN: GRAZYIATY 6-Aor-18 n honsse check Jum16) | In houss check: Jun-18
F'Wsar:acrmﬁ.l SN MYa1SiE0ar 6-Apr-18 {in hose chack Jun-18) In housa checkc Jun-18
Porwer sansor E44124 EN: 00110210 06-Apr-16 {n house check Jun-18) In houss check Jun-18
RF gensaor HF BOSSC =h: USI04ZU01TI Oa-frug-S8 (In houss chect Jun-10; | In house check Jus-18
| higherk Anafyor | 1M STBIC Lhi G058 10 Gt 11 [im housn shish Gint 17} In homn shoak: Giod 18

Mo Funciion i grestu -
Calforaried try: Jepn¥asrti  Laborstory Technican ’zé/,
sepromaty Rproe el ,ﬁ@

Inmnd: March 32 2018

This oalbration pertficaie shall rot be reproduced sscept in fall wihoul writhen spprevsl af the kol

Carfficate No: ER3-2308_Mar1E Fage 1o 11
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Calibration Laboratory of

4 §  Schweizerischer Hallbriardsns

Schmid & Partnar c Barvita auisks Citalonnege

Engineering AG Sarvizio svizoero o taratura
Zeughaussirasse 43, D004 Tarich, Switerland 5 Swiss Callbration Bervice
Auzzrpdibed by the Swins Ammmditation Sorvico | 585] Accraditstion No,: SCE 0108
The Swiss Aooredtation Servics s ona of Bhe sighatarias (o B EA
Multilateral Agreamant for tha meegnilion of calibrsfion cortificalne
Glossary:
MNORM:, vz sansitivity in fres spece
DCP dicda compression point
CF crest factor (1iduty_cyda) of the RF signal
ABRCD madutation dependent linsarizalion paramebers
Polerization ¢ (p ratstion around probe sxis
Polerization 3 4 rotetion sround an axis that i in the plane normal ko probe axis (al measurernent center),

i.e, & =0 is normal to probe axs

Connector Angle infarmation used in DASY systern to align probe sensor X to the robot coordinate system

Callbration |s Performed According to the Following Standards:
a) |EEE Std 1308-2005, * IEEE Standard for calibration of eediromeagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHz", Decemnber 2005
b} CTIA Test Plan for Hearing Al Compatibllity, Ry 3.0, Movember 2013

Methods Applied and Interpretation of Parameters:
= NORMs, 2 Assessed for E-field polarization 8 = 0 for XY eensors and $ = 90 for 2 sensor (f = 900 MHz in
TEM-=tall, { = 1300 MHz: RZ2 waveguidsa).

& NORMTx 7 = NORMx w7 * frequancy_responss (sea Frequency Rasponse Chart),

a  DCPx .z DCP are numerlcal linearization perameters essessad based on the dale of power swesg with W
gignal [no uncarainly required). DCF does nol depend on frequency ror media.

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

®  AxyE Bz Gz On .z VRLY,Z A, B, C, D are numerical lineari zation parameters assessed basad on
the data of powes sweep for speclic modutation signal. The parameters do not depend on frequency nar
redia. VR is e masimum calibration range exprassed in RME voltege across the diode.

= Sphevical isolrogy (30 devielion from sotropy): in a localy homogenecus fleld realized using an opan
waveguids setup.

= Sansor Offest: The sensor offsed cormesponds o thie offset of virlual measurernent cenler fram the probe tip
{on probe aos). Mo tolerance required,

o Comaector Angle: The anghe i assessed using the information geined by datarmining the NORMy (no
uncerainy required).

Carificata hg; ERZ-2306 Marig Prage 2 of 11
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ERZDVE — SN:2306 March 22, 28

oLl m\ WA,
Dralhae ER2MN\ b
i huﬁbt‘« = TN J L/ L!

Manufactured: December 17, 2002
Calibrated: March 22, 2018

Calibrated for DASY/EASY Systems

[Mote: non-cormpalible with DASYZ2 aystam!}
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DASY/EASY - Parameters of Probe: ER3DVS - SN:2306

Basic Calibration Parameters
[

Sensar X Sansor Y Sensor Z Unic (K=2)
| Marm {ulit i) 1.06 110 1.2 101 %
DCP [rr]” 105.2 101.7 105.2

Modulation Calibration Parameters

(115 Communication System Hams | A ) c o vR Une®
| o8 dBvy a8 iV [=2]
|0 G x| oo | ©o 10| 000 | 2081 | H50% |
¥ 0.0 0.0 1.0 166.9
. z| noa 0.0 1.0 2123
;;'JAT'J- BAR Valkalion [Squara, 100ms, 10ms) X h4i ] 4.8 1000 | 365 +1.4 5
Y .40 501 2.9 37T
Z 046 1.8 4.8 362
‘II:II]31- GEM-FOD [TOMA, GAMSK) X 316 722 18.8 k] 1453 9%
| Dac
¥ 2.31 8.9 14.8 123.3
o Z | 408 75.8 18.1 1361
100E1- IEEE 202 11h WF| 7.4 GHz (DS55, 11 3 540 723 1.0 160 14BT | &14%
L CaB Mbp=)
¥ 268 87.4 19.2 114.4
i Z | 455 78.2 23.7 1488
007 7- IEEE B2 11g W 2.4 GHz % | Ba0 60,3 244 | 1100 | 1223 | 3.0%
LCAB | [DESEOFOM, B Mbps)
¥ 9684 | 60T 24.5 131.0
Z | 966 £8.7 4.5 1224 |
0173 LTE-TDD (SC-FDMA, 1 RE, 20 MHz, 1 ¥ 505 ™3 250 D48 1125 310 %
CAD 16-CIARY
s 5,94 715 254 [ 119.7
Z | 619 156 7 | | 10
10228 LTE-TOD (SC-FOMA, 1 RS, 1.4 MHz, I 5.08 ™A 250 | D48 112.3 =30 %
CAA 1E-QAMT) | | |
Y 5,94 71.5 253 1200
z .18 714 245 114.%
10228- | LTE-TOD{SCFDMA 1 RE, 3 MHz, 16- X 5.80 7.Aa 250 048 112.4 0%
CAB | QAN
¥ 5.57 71.8 255 113.8
Ak 1Y T £ 8,19 .5 24.7 1149 S
0gad | LTE TRR (5 FOMA, 1 FR, B MHE 16 | & | 5.50 .0 250 OAR | 1133 | #aR%
CAD QAN L 11 A ERecan A e
Y | 588 1 718 255 1 IE S
| o Z | ®BiF T4 245 | | 1150
10235 | LTE-TOD{SCFOMA, 1 =, 10 MHz, X 558 ™A FLAI] 948 | 1120 +3.0 %
caD | 15-CHm) d Ll |
¥ 5,95 71,6 254 | 19,9
z | &19 T1LE 247 | 115.2
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10238- LTE-TOD {SC-FOMA, 1 RE, 15 MHz, ¥ | 588 | 7.3 | 250 EEL ii12.2 *3.0 %
CAD 15T Lo |

¥ | S84 | TIE | 254 119.8
: z | 8a0 716 | 247 1145
10295 COMAZL], RC1, 50, 1/88h Rade 25 fr x 571 10 71 12.49 THA +1.8%
AAR

¥ | 53 | 70 | 268 B0

| 674 | 707 | 764 T84

The reported uncerainty of measurement is staled as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for 2 normal distribution coresponds to a coverage
probability of approximately B5%.

® Wumencal linsarization parameter: unoertainky nof regquined.
¥ Uncertainty is determined using the max. deviation fom Inear resporse apphying rectanguiar distritation and is eegresssd Tor he agusns of te
fiebd warbom
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguida: R22)

Frequency respanse [narmalzed)

RET) red ) R )

Uncartainty of Freguency Response of C-field: £ 6.3% (k=2)
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Receiving Pattern (¢), 3 =0°

=600 MHz, TEM,0® f=2500 MHz R22 0"
L L.
L b e R, - ; ] Ba a4 o on T
» m [ [ L] :T [] L]
Tok X ¥: I Tat X b Z

Receiving Pattern (¢), 9 = 90°

=600 MHz, TEM,%0° =2500 MHz R22 90*

Ll
-
bl

L] ] @
Tel X ¥ Tat X
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Uneertainty of Axial lsotropy Assassmant: £ 10.8% (k=2)

Receiving Patiern (¢), 8 = 80°

i [
n
E‘ 10—t
T -
C 4 T [ S |._:r._|_ EER =LA B S
50 Lol 50
Rod [}
L] ]
'-BﬁJTI-I:' ﬁlﬁ'ﬁL:
Uncertainty of Axial Isotropy Assessment: £ 0L5% (k=2)
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Dynamic Range f(E-field)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: - 0.6% (k=Z)

Carificate No: ER3-Z308_Mar1B Paged ol 11

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.

FRIESS AR - RS RSN B & LR IREAOOKR » A& KRR N EEF T R el By -

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. 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.
SGS Taiwan Ltd

SRRAPHERSF LR

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
t (886-2) 2299-3279 f (886-2) 2298-0488 WWW.tW.Sgs.com
| Member of SGS Group




Report No. : E5/2018/A0019
Page: 35 of 52

ERIDVE — 5M:Z306 Merch 22, 2018
Deviation from isotropy in Air
Error (¢, &), = 800 MHz
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Uncertainty of Spherical Isctropy Assessment:  2.8% (k=2)
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DASY/EASY - Parameters of Probe: ER3DVE - SN:2306

Other Probe Parameters
Sansar Arrangemsnt Rectangular
Caonnector Angle () 1314
Mechanical Surlace Deteclion Moos T enabled
Opticsl Surface Detection Mode disablad
Frabe Cuerall Langth g g 337 mm
Probe Body Diameter = 10 mm
Tip Length 10 mm
Tip Diarmater & mm
Probe Tip 1o Sansor X Calibration Point 2.5 mm
Proba Tip to Sensor ¥ Calibration Paint 2.5 mm
Probe Tip to Sensor Z Calbration Polnt 2.5 mm
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14. Uncertainty Budget

HAC Uncertainty Budget
According to ANSI C683.19 [1], [2]
Uncert. | Prob. | Div. | (g) | () Std. Une. | Std. Unec.

Error Description value Dist. E E H
Measurement System

Probe Calibration +5.1% N 1 1 +5.1 %
Axial Isotropy +4.7% R V3 1 +3.7%
Sensor Displacement +16.5% | R Va 1 +1.4%

| Boundary Effects [ +24% | R [+3 [T ] [ +14% |
Phantom Boundary Effect +7.2% R V3 1 +0.0%
Linearity +4.7% R va |1 +2.7%
Scaling with PMR calibration +100% | R ] 1 +5.8%
Systemn Detection Limit +1.0% R V3 1 +0.6%
Readout Electronies +0.3% N 1 1 +0.3 %
Response Time +0.8 % R Va 1 +0.5%
Integration Time +2.6% R V3 1 +1.5%

[ RF Ambient Conditions | +3.0% | R [v3 J1 | [ £1.7% |
RF Reflections +120% | R V3 1 +6.0%
Probe Positioner +1.2% R Va 1 067 | £0.75% +0.5%
Probe Positioning +4.7% R R 1 067 | £2.7% +1.8%
Extrap. and Interpolation +1.0% R V3 1 1 +0.6 % +0.6%
Test Sample Related
Dievice Positioning Vertical +4.7% R V3 1 067 | £2.7% +1.8%
Device Positioning Lateral +1.0% R v3 1 1 +10.6 5% 0.6 %
Device Holder and Phantom +2 4% R V3 1 1 +1.4% +1.4%
Power Drifi +5.0% R V3 |1 1 +2.05% +2.9 %
Phantom and Setup Related
Phantom Thickness +2 4% R va |1 067 | £1.4% +0.0%
Combined Std. Uncertainty +16.3 % +12.3%
Expanded S5td. Uncertainty on Power +326% | £24.6%
Expanded Std. Uncertainty on Field +16.3% | £12.3%
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15. System Validation from Original Equipment Supplier

(S:a::hratlon Laboratory of hl_\tﬁ:.» ‘s S Schweiserscher Kalibriersienst

I rn|_|;| & F_'artn&r — 3 C Servies suisss détalonnage
Engineearing AG T Servizio svizmre df iaraturs

Zeughaussirassa 43, 8004 Zurich, Switsecland -;ﬁar.m~ + S Swiss Callbration Service

Accradiled by the Swiss Accreciation Servca {SA5)
The Swiss Accredilation Service is one of the signatories to the EA
Multilaberal Agreamard for the recegrtion of calibration cortificates

Chent  SGES.TW (Auden)
CALIBRATION CERTIFICATE

Cnject CDE36VE - SN: 1052

Accreditation Mo.: SCS 0108

Corificate Ne: CDB3SV3-1052 Mar18

Calioralion procedun(s) O CAL-20.vE
Calibration procedure for dipoles in air

Calitealian dals: March 14, 2018

This calnration carificals documents the racaabiity to rational standards, which realize We phescal urils of messurements (S0).
Tha measuramanis and T uncoriaintas with contiderca probabilty am ghan on thie fellowing Eages and G pan of e cerihicate,

Al calbrations have Dean concucted in e chied labomnbony faciit: environment lemparalurs (22 + 3)°C and humidigy < 70%.

Calibmtion Equipmaont usnd (MATE citical Tor cabbestion)

Frimary Standards |I D¢ Gl Dt (Cerificate fa.) Scheduled Callbration
Fower meler MAF | SN 1047TE d-Apr-AT (No. ET7T-025210852E) Apr1a
Prwer sermcr NAP-Z281 | ;103244 -Apr-17 (Mo, 297-0EmE) Apr-18
Poser sermcr WAP-Z01 Ehd: 100245 D-Apr-17 (Mo, 207 Apr-18
Raderanca 20 0B ARereisbar Sh: 5058 [20k] O7-Apr-17 (M, 70500 Apr-18
Type-N mismatch combination EM: 50472 J OB3IT O7-Apr-17 (Ho. 21702500 Apr-18
Fraba EF20AA & 213 05-Mar-18 {Mo. EF3-4003_MarlE) Mar-13
DAE4 SM: T 17-dan-18 (Mo DAE4-TH1 _Jani) Jan-18%
Sacondary Standards 10 & Check Dabe {in housa) Schedukd Chack
| Fowveser mitar Agilant £4198 2 GEAR4ZDS 09-0:5-08 (in house chack Qo177 Im hoisse check: Dct-20
Powesr sansoe HP E4£124 Sn: US3s4a5102 05-Jan-10 {in house check Ool-17) In hiouse check: Oicl-20
| Poress sansoe HP 84824 SM: USar2058a7 09-0:2-08 [in houss check Oat-17) In house check: Ocl-20
HF gerersiar fas SMT-s SN paz 2F-ALg-12 (in e ek o1 1P e EEch: O
Hatwark Anatyzar HP §75SE EM; USaTap0sas T8-06-01 [in hises chack Qet-17) Iry bz Gheck: Gicl-18
MNarme Funtion Signatune

Calibrated LaF Klysnar Latomtory Technidan W gé

Apmroved Iy Katja Pokavic Technical Managar e
Tz

Issued: March 156, 2018

This calibmtion csrificate shall not be rapmduced axoapt in ful without witien approval of the labaraiory.
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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.

FRIESS AR - RS RSN B & LR IREAOOKR » A& KRR N EEF T R el By -

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. 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.

SGS Taiwan Ltd

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
cRRBRPERFF AP

t (886-2) 2299-3279 f (886-2) 2298-0488 WWW.TW.SgSs.com
| Member of SGS Group




Report No. : E5/2018/A0019
Page: 39 of 52

- - il fepa,
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Sch n‘n_d & F'EI.I'IHEI = [ Senvice sulsse ddtalonnage

Engme&nng AG o 3 S Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switserkand V@f Swiss Calibration Service

i1

Acraadiind by the Swise Acoreditation Sorvkce (SAS) Accraditation No.: SCS 0108
Thea Swisa Acereditation Service is one of the signataries to tha EA
Multilxiaral Ags L for the anil of calibration cerfificates
References

[1] ANSI-CE3.18-2011
Amencan Maticnal Standard, Methods of Maasurernent of Carmpatibility between Wirsless Communications
Devices and Hearing Aids.

Methods Applied and Interpretation of Parameters:

+  Coordingte System: y-axis is in the direction of the dipole arms. z-axis i3 from the basis of the antenna
(rmounted on the table) owards its leed point betwesn the two dipole arms. x-axis is nomal to the other axes.
In eoincidence with the standards [1], the measurement planes (probe sensor cenler) ane selected 1o be at a
distance of 15 mrm above the top metal edge of the dipole ams.,

= AMeasurernend Conditions. Further details ars available from the hardcopies &t the end of the cerificate. All
figures stated In the certficate are valid at the Irequency indicabed. The forward power to the dipole connector
iz sel wilth a caliraled power meber connected and monitored with an auxiliary power mater connected to &
diirgctional coupber, Whila the dipole under test ia connecied, the foresrd power iz adjusted to the same level,

+  Anfenna Fosifioning: The dipole Is mounied on 8 HAG Test Arch phaniam using the matching dipols
positioner with the arms horizomal and the feading cable coming from the floar. The measuremenis are
performed in a shislded room with absorbers around the setup o reduce the relleclions,

It is werifiad batora tha mounting of the dipola urdsr the Test Arch pha ntom, that its arms ane parfe:ﬂy ma
ez, It is installed on the HAC dipole positionar with its arme parallel below the dielectric reference wine and
able to move elsatically in vertical direction without changing its relafive position bo the lop center of the Test
Arch phantomn, The vertical distance to the probe is adjusted atter dipole mounting with a DASYS Surface
Check job. Before the measurement, the distance between phantom aurfece and probe tip is verified, The
proper measurement distance is selecled by choasing the matching section of the HAC Test Arch phantom
with the proper device reference point (upper surface of the dipola) and the matching grid refarence paint (lip
of the probe) considerng the probe sensor offest. The vertical distance 1o the probe Is essential for the
ACCUrACY.

* Feed Point Impedance and Rsfum Loss: These paramatars ara measured using a HP BT53E Vactor Metwork
Analyzer. The iImpedance iz apecilied at the SMA connector of the dipale. The influence of rellections was
eliminating by applying the averaging function while moving the dipole in the air, at least T0ocm away from any
obetacles.

*  E-fieid disidbution: E field is messured in the x-y-plane with an isotropic ER30-field probe with 100 mi
farsard power 1o the anlenna leed poinl. In accordance wilh [1], 1he Scan ares is 20mm wide, ils length
exceads the dipole arm length (180 or S0mm). Tha sansor center is 15 mm (in z) above the metal 1op of the
dipole arms. Two 30 maxima are avallable near the end of the dipole srms. Assuming the dipole asme are
parfectly in ona line, the average of thase two maxima (in subgrid 2 and subgrid B) is debermined to
compensate for any non-parallelity to the measurement plane as well Be the sensor displacemeant. The E-fiald
value slabed as calibration value represents the maximurm of the interpoelated 30-E-field, in the plane above
the dipole surface.

The reported uncariainty of measuremeant is stated as the standard uncerainty of measurement mulliplied by the:
covarage factor k=2, which for a normal distribution corespands o & coverage probability of approximately 95%.
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Measuramant Conditions

DASY sysbem configurafion, as far B3 not given on page 1.
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DASY Verzion DASYE VE2.10.0

Phantom HAL: Test Arch

Distance Dipole Top - Probe Center 15 mm g
Scan resclution dx, dy = 5 mm

Frequency 835 MHz £ 1 MHz
Impaut power drift = 0.05 dB
Maximum Field values at 835 MHz
E-field 156 mm above dipole surface condition Interpalated maximum

Maximum measured above high end

100 P input power

11006 Wim = 40.87 dBVm

Maximum measured above low end

100 Frid input power

1055 Wim = 40 82 JBWm

Ayeraged maximum above amm

100 MW inpul powes

110,23 Virn £ 12,8 % (k=2)

Appendix (Additional assessments cutside the scope of SCS 0108)

Antenna Parameters

[ Freguency Return Loss Impedance

| Bon WHz 158 48 H10-118510
835 MHz 233 0B 5260+ 2.4 0
330 MHz 17.1 dB 61.20-10.7 |0
900 MHz 17.4 dB 5240-137 10
245 MHz | 226 dB 48T 0+ 64

3.2 Antenna Design and Handling

The calibration dipole has a symmetric geomeatry with a bulit-in hwo stub mateh ing nehwork, which k2ads 1o the

anhancad bandwidth.

The dipole is built of standard semirigld comdal cabla. The internsl matching line ks open ended. The antenna is

therafore open for DG signals

Da not apply force to dipode arms, as they are liable to bend. The soldered conmections near the fesdpaint may ba
damaged, After excessive mechanical stress or overheating, check the impedance characternstics to ensure that tha

intarmal matching netwark is not affected.

Aner long term use with 40W radiated power, only a sight warming of the dipode near the feedpoint can be measured.

Certificale Moo CDB35VI-1052_Mar18
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Impedance Measurement Plot
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DASYS E-field Result

Date: 14.03.2018
Test Laborstory: SPEAG Lak2
DUT: HAC-Dipale 835 MHz: Type: CDEISY3; Serial: CDEISVE - 5N 1052

Commumication System: UID 0 - CW ; Frequency: §33 MHz
Medium parameders used: 5 = 0 5/m, & = 13 p = 1000 kg'm®
Prampom section: RE Section

Meagarement Stancland; DASYS (IEEETEC/ANST C63.19-2011)

DASY ST Configuration:

*  Prabe: EF30V3 - SMN4013; CorvF(l, 1, 1); Callbrated: 05.03.2018;

*  Sensor-Surface: [Fix Surface)

= Electronics: DAE4 Sn781; Calibrated: 17.01.2018

*  Phantom: HAC Test Arch with AMOC; Type: S0 HAC PO1 BA; Serial: 1070
= DASYS2 52,1000 1446); SEMCAD X 14.6,10{ 7417)

Dipale E-Field measurement § 835M Ho'E-Scan - B35MHz d—lﬁmw}lgaﬂng Aid l_"ompaiihjlj[r Test (d1x361x1):
Imerpelated grid: ds=0.53000 mm, dy=0.3000 mm
Device Reference Poing: O, O, -6.3 mm
Reference Valwe = 129.8 ¥fm; Power Drifl = 0,00 dB
Aqplicd MIF = 0.0 i
RF audin interference bevel = 4087 4B Vim
Emission category: M3
MIF scaled E-field

Grid 1 M3 Grid 2 M3 Grid 3 M3
0.3 dBVfm |40.87T dBV/m [£0.85 dBV/m
Grid 4 M4 Grid 5 M4 Grid & M4
35.56 dBW/m |36.05 dBY/m |36.05 dBY/m
Grid 7 M3 Grid & M3 Grid 9 M3
40,29 dBW/m | 40,82 dEV/m (90.81 dBV/m

-1.98

-1.95

5.93

0 dB =110.6 Vim = 4082 4BV /m
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Calibration Laboratory of P Sehweizerischer
Schmid & Partner S g Hm..-f,.,,::.':ﬂf""
Enginearing AG i
Zhughngu.:nlrnllfdgl 8004 Furich, Switzertand Eﬁ;‘f\\/ﬁ 5 Emmhll:l;ﬂ:mi;:::em
bl

Actrediled by the Swiss AccredBation Service (SAS) Accreditation Me: ‘SCS 0108
The Swiss Accreditation Service |s ona of the signatories 1o the EA
Multilateral Agreemsent for the recognition of callbratkon cartificates
client  SES-TW (Auden) Certificate o: CD1B80V3-1044_Mar18
CALIBRATION CERTIFICATE

Object CO1880V3 - SN; 1044

Cahration procecungs) QA CAL=20NE

Callbratlon procedure for dipoles in air

Calibraion dabe: March 14, 2018

|

This calibration carilicate documants e racsabilly %o national stardards, which realize the pigsical units of measursmants {SI),
| The measurements and the uncetaingas wilh confidancs proDaliily are Given on e kllowryg pages and are par af the cerficata.
E All calitwations have been conducted in the dosed laboratory faciity- enwironmant temparshrs {22 & 3170 and humidity < 700%,

i Calibraisn Equipman ummd (METE srticl for ealisestion)

| Primary Standards 0 & Cal D [Coriticata M) Sefwchied Calitention
| Porwar matar NAP EM; 104778 (H-ADT-17 (Mo, 20 T-05e AI2SEy Apr-18
| Proewes sansor MRP-Z81 M 103244 DA T (Mo, 2170581 Apr-18
Prrgzer panzor HPP-204 EM: 103245 Da-Apr-17 (Mo, 297-0852) Api-1a
Refererce 20 dB Aflenusior Sh; BOGA [20k) O7-Apr-17 {Ho. 217-02528) Apr-13
| Tyge-H mi ervich combinaden S BT, 2 T O6AAT OF-Apr-17 Mo, 207 -5aa) Apr-13
Froha EFEOWE | SN &3 05-Mar-18 (M, EF3-4013_Mart 83 Mar-13
DAES 5 7A1 17=lan-18 (Mo, DAES-781_Jan i8] Jan-18
| Secondary Standards [ Checi Date fin bouse) Scheduled Chack
P meter Agilent 24186 SH: GB42d200E0 08-0c3-08 [in houss chedks Oct-17) I hiouse check: Ool-20
Prrwar sangor HP Edd1 24 SH: US3R4a5102 05-Jan-10 fin house check Oek-17) I b chieck: Oct-20
Pirar sangor HF 84824 SN; US3Taassar 09-0c-08 [in houss chack QK17 Ir P ehiech: Oct-20
HE SSNSTRINE HES HM | -l HN! BEEIEUU A5RUG T G ROES ONGCK LCE ) 1 Fdieai ENECK] L0250
Hebwork Analyeer HP 8T53E SN Li537380685 18-0ct-01 [In houss cheok Oo-17) I b chieck: Ocl-18
Hams Function Signatum

Calbeaiad by Lail Klyzner Lehratony Tachniciam Wﬁv—
Anprowed fy Kiatia Fokmvie Tachnical Managar /Md

lagued: March 15, 2018

This calbration cerificate shall not be | appep in full without weiten appeoval of the laboralory.
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Calibration Laboratory of S, . )
J # oter Kaiirierdi
Schmid & Partner =) (5; i S
Enginearing AG s Servizio svizzera o tarstis
Zoughaussirasse 43, B0 Zurich, Switzeriand 'E%f.:‘;.:\}f'ﬁ" L Swiss Calbiration Servics
Ul
Acernddited by the Swiss Ancreditaion Sanvice [SAS) Accredittion He: SCS 0108

Thia Swias Accraditation Service is one of the sl greleries io the EA
Multilateral Agreamseni for the recognition of calibration cerlificatas

References

[1  AMSI-0B313-2011

American Mational Standard, Mathods of Measurement of Compatibility between Wirsless Communications
Devices and Hearing Aids,

Methods Applled and Interpretation of Parameters:

= Cpardingle System: y-axis is in the direction of the dipale arms. z-axis is from the basis of the antenna
{rmounted on the fable) fowarnds &$ leed point betwesn the two dipole arms. x-axis is normal to the other axes.
In coincidence with the standards [1], the measurement planes (probe sensor centar) are selected to be at a
distance of 15 mm abeve the lop metal edge of the dipole arms.

+  Msasurament Conaitions: Furher details are available from the hardcoples at the end of the certificate. All
figures stated in the cenificate are valid at the frequency indicated, The forward power 1o The dipols connector
ia sat with a calirated power meter connectesd and monitored with an suxiliary power meter connected 1o &
directional coupkar, Whila the dipole under 182t i connectad, the formard power is adjusted 1o the same leve,

+  Anterina Positioning: The dipole is mounted on 3 HAC Test Arch phantom using the matehing dipole
positioner wilh the arms horizonal and the feeding cable coming from the Toor, The measurements are
parformed in a shielded room with absarbers around the setup to reduce the reflections.

It is verdied befora the mounting of the dipole under the Test Arch pharntom, that it arms are parfectly i &
line, It is installed on the HAC dipole positioner with it arms paralkal below tha dislactric reference wire and
able to move elastically In vertical direction without changing its ralative position to the top center of the Test
Arch phantorn, The vertical distance to the probe is adjusted after dipole mounting with a DASYS Surface
Check job. Before the measurament, the distance batwesn phantom suface and probe tip is verified. The
proper measurement distance iz selected by choosing the matching saction of the HAC Teat Arch phaniom
with e proper device reference point (upper surface of the dipole) and the matching grid reference point (fip
of the probe) considering the probe sensor offset. The vertical distance to the probe i essantial for the
ACCUTECY.

= Feed Poinf impedance and Retwven Loss: These parameters are messured using & HP 8753E Veclor Matwork
Analyzer. The impedancs | specified at the SMA connector of the dipoke, The influence of reflections was
elirminating by applying the averaging function while moving the dipole in the air, at least 7ocm away from any
ohstacles.

* Efledd distrbution: E field i measwed in the x-y-plane with an isotropic ERID-lield probe with 100 miw
farward powar to the antenna feed point. In accordance with [1), the scan area & 20mm wide, ils length
axceads the dipode arm langth (180 or BOnn). The sensor cenler is 15 mm (in 2} above the metal top of the
dipcla arma. Two 30 maxima are available near the end of the dipole arms. Assuming the dipols arms are
parfactly in ona line, the averags of these two maxima (in subgrid 2 and subgrid 8) s determined to
compensate for any non-parallelity to the measwrement plane as well as the sensar displacemeant. The F-fisld
value stated as calibration vakse represents the maximun of the interpolated 30-E-field, in the plane sbove
the dipols surace,

Thee repoarted uncadainty of measuremant is stated as the standard uncertginty of measuremeant mutiplied by the
coverage factor k=2, which for a normal distibution corresponds to a coverage probability of approximetely 95%.
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Measurement Conditions
DASY system condiguration, a& far as ned given on page 1.

DASY Version DS Waz.10.0
Phantem HAG Teast Arch

Distance Dipole Top - Probe Center 15 mm

Sean resolution dx, dy = & mm

Frequency 1880 MHz £ 1 MHz

Input power drift < (.06 d8

Maximum Field values at 1880 MH=z

E&Id 15 mm above dipole surface condilian Interpolated maccimum
Mesdmum measured abowve high end 100 mW input power BR.9 Vim = 3853 dBV/m
Maxirmum measured above low end 100 MW iApd powar BR.E Vim = 38.85 dBVim
Aweraged maximum above arm 100 MW inpul pover BELA Wim = 12.8 % (k=2)

Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters

?Frequenny Return Loss Impedance
1730 MHz 234 dB T0+6AD
1880 MHz 201 di ST+ 8400
1900 MHz ) 208 0B 5940 +33/0
1850 MHz 2r.adB 534 02 -2.4 0
2000 MHz 2 21.4 dB 4821+ T30

3.2 Antenna Design and Handling

The calibration dipole has a syrmmealric geomeatry with & buil-in o siub matahing metwork, which kbads o the
enhanced bandwidth,

The dipole Is built of standard semirigid coexial cable. The internel matchivg line ls open ended. The antenna is
therelone apen lor DC signals.

Do not apply force to dipols arms, as they are liable to band. The solderad comnactions near the feedpoint may be
damaged. After excessive mechanical stress or overheating. check the impedance charactenstics to ensune that the
mternal matching network is not affected.

Adter long term use with 40W radiated power, only a slight warming of the dipode near the ieedpoint can be measured.
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Impedance Measurement Plot

a4 Har 2810 L3RI 06

LH 511 Los 5 dBSREF =48 48 ; 1:-20.883 4B 1 BA8.0A8 8BA HHz
. | 1 } } 1 ] | 1 1 1
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DASYS E-field Result

Drang: 1403 2018

Test Laboratory: SPEAG Lab2

DUT: HAC Dipobe 1880 MHz; Type: CDISEIY3; Serial: CIIERIV - SN: 1044

Communication System: UID 0 - CW ; Frequescy: 1ES) MHz
Medivm parameters used: 6 = 0 5/m, & = 1: p = 1000 kg/m’
Phantom section: BF Section

Measurement Standand: DASY S (IEEETEC/ANS] CA3.19-201 1)

DASY 52 Canliguration:

*  Probe: EF3DV3 - SNA013; ConvF[1, 1, 1); Calibrated: 05,03, 2018;

*  Sensor-Surface: |Fix Surface)

*  Electronics: DAES SnT81; Cabbrated: 17.01.2013

*  Phantom: HAC Test Arch with AMCC; Typa: 50 HAC POL BA; Serial; 1070
*  DASYS252.10.0012465); SEMCAD X 14.6.10(7417)

Dipobe E-Ficld messurement @ 1B80MH2E-Scan - 15800 Hz d=15mm/Hearing Aid Compatibility Test (41x181x1):
Intsrpolabed grid: dx=05000 mm, dys=0, 300 mm

Deviee Reference Poinn: 0 0, -6.3 mm

Reference Valoe = 160.7 Vim: Power Drift = 000 4B

Applied MIF = (.00 dE

RF audio interference level = 3598 dBVim

Emission category: M2

WIF scaled E-fiskd

Grid 1 M2 Grid 2 M2 Grid 3 M2
3841 dBV/m |36.95 dBV/m |3E.93 dBEV/m

Grid 4 W2 Grid 5 M2 Grid 6 M2
35,89 dBV/m [36.09 dBv,/m [36.07 dEV/m

Grid 7 M2 Grid & M2 Grid & M2
38,67 dBW/m | 38.98 dBEV/m |38.91 dBV/m

-3.87

-4.84

O dB = 8287 Vim = 3858 daVim
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5 Schweizerischer Kalitifsrdianst
- Barvien suinse d'ftalonnage

Servizio svizzeno di taraturs
Swiss Collwaticn Servica

Accreditation No,; SCS 0108

: E5/2018/A0019
of 52

Corificate No: CO2450W3-1044 Mar1g

[CALIBRATION CERTIFICATE

Object CO245003 - SN: 1044

A G =20 v
Calibration procedurs for dipoles in air

Caalioration procecumis)

Calbration dala

March 14, 2018

Calioration Equipment uzed [METE ortical for palibration)

Thes calibration ceficate dacuments the racesbifty 1o rational standards, which realize tha physical units of Feasuresmants [51).
The measurements and the uncertaintes with conlidence probabiiey ane given on the loloeing pages and ane pan of the Canificals

Al cailteations hedn Ban condusted in the Saed lebemlon lacdkly: ardrasmant bmperatur (22 2 3°C ad humidiy < 7%

Femarny Siandania ID¥ Cal Dt (Canibicaln Mo Scheduled Calorafion

Power melar NRP EME 104TTE Dd-Apr-17 [No. 2170252002523 Api-18

Peawar samanr HAP-Z01 ERE 10344 Dd-ApeAT (Mo, 29702521 Api-18

Pewnr sedaor NRP-241 Shk 10245 CH-Apr-17 [No, 21702522 Apr-18

Aelerence 20 dB Atierualor Sh: GOGE (20K) O7-Apr-17 (Mo, 217-025628) Apr-18

Type=M mismatch combination B 50472 5 DE33T O7=apr7 [No. 21702525 Apr-18

Proisa EFA0E EALE 4043 D5Mar-18 (o, BFS-4013_Mari#) Mar-19

DAE4 ST 17-Jan-16 (ho. DAE4-781_ a1 ] Jan-18

Sacnndary Slandarda [=3) Check Dula §n house) Echaduled Chack

Power mator Aglient £4158 5N; GEB42E20181 DB-00-0 (in hoyse check Cot-17) In house check; OG-20

Parwssi sansor HP E421248 SN: 1538485102 D5-Jan-10 {in house check Ock17T) In houss cheok: Oo-20

Fzrassr pnagr HP S4R8A, BM: S3F20550T OD-Dei0ed (in houss chack Ook-47) In Feouma check: Dof-20

HF CBEREES FAS SAT-0 SN ERPEET 27-Ag-12 {F hsEe ches 0-17) In mems e O

Metwork Anslyzer HP BTGIE SH; US3Iras0ses 18001 (n hoyee chock Jat-17) In houme chech: Oct-18
MName Function Sigraatume

Cakbrated by Lai Kisanar Labomaiony Technicdan W EE

Approsod by Eata Pokows Tecknical Marsger |

This caliteaiion cefficale zhal not be reprocuced except mful withaat witien apororal ol B labonatary,

Carfificate Mo CD245003-1044_Mar1 8 Fage 10l 5

AT L

ssued: Mansh 16, 208
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Calibration Laboratery of A
; : sah
Schmid & Partner = i e
Enginaaring AG % Sarvizia svizmr i toratura
Zeughausstrazse 3, B004 Zurich, Ewitzerland T S Swits Calibration Survica
Ml
Accredited by 1ha Swiie ArseBlalon Samics (SAS) Aecredilation Mo SCS 0108

Tha Bwiss Acoreditation Sendce |s one of the signatories to the EA
laititaternl Agroomaont for tho recognitien of eslibealion corificaten

References

| AMEI-CEZ 15-2011
Amercan National Standard, Methods of Massurement of Compatibility batwean Winsless Gommunications
Devices and Hearing Aids,

Methods Applied and Interpretation of Perameters:

»  Coondinale Syslem: y-axis is in the direction of the dipels arme. z-exis & from the basi of the antenna
(mounied on the table] iowards its leed pain betwaen the twe dipole ams. x-axs is narmal to the other axes.
In coincidence with the standands [1], the measurernent planes (probs sensor center] are selected Io be at a
distance of 15 mm abowve the tap metal edge of e dipols arms,

»  Messuarmrant Conaitions: Further detalls ane availabbe from the hardeopies at the end of the cartificata, All
figures stated in the cerfificate are valid at the frequency Indicated. The lorveard power io the dipole connector
is sel with a calibrited powar meter connectad and monitored with an ausiliary power meter comactad 1o a
direclional cougler, While the dipole under fest is connected, the forward power = adjusted o fhe same level,

*  Amteving Poaifioming: The dipsle i mowted on a HAC Test Arch phanborn using the matching dipole
pasitioner with the ams horzontal and the feeding eable caming from fhe floor. The measurements are
parfarmed in a shielded room with absorbars around the setup to reduce the refleclions,

It i verified bedore the mounting of the dipole under the Test Arch phantom, that its arms ane perectly in a
ling. it & installed on the HAC dipole pasitioner with its ams parallel below the dislectric reference wine and
able to move elastically In vertical direction withowt changing ils relative pasition 1o the top center of the Test
Arch phantom. The verticel distance to the probe iz adusted allar digale mounding with a DASYS Surface
Chack job. Before the messuremant, the distance between phantom surface and prabe tip is varified, The
proper measurement distanca is selected by choosing the matching section ol the HAG Test Arch phantom
wilh the proper device referencs point (uppsr suace of the dipela) and the matching grid referance point (tip
al the probe) sansidedng the probe sensor ofiset. The vertical distance io the probe is essantial for tha
ACCUrAY.

« Fasd Point Impedance and Aefurn Loss: These parametars are measured using & HP 8763E Veckor Network
Analyzar, The mpadance is spacified at the SkA connector of the dipale. The influance of reflaclions was
eliminating by applying the averagng function whila maving the dipole in the air, at lasst TOom away from any
obslackes.

*  Efighd aismibution; E fisld is measunad in the x-y-plans with an isoiropic ERSD-field probe with 100 mw
forwand power to the antenna feed point. In accordance with [1], the scan arsa is 20mm wide, i&s langth
excoeds he dipdla arm angth (180 ar 80mm). The senser centar is 15 mm {in 2} abova the mistal tap of the
dipole arms. Two 30 maxima ara avallable near the end of the dipole &nma. Assuming the dipole amms are
parfactly in ong ling, the avarage of these two mexima (in subgrid 2 and subgrid B} is detarmined to
onmpansata for any non=parallrlity io the maasuremeant plans as wall A5 the srnsor displaceman. Tha FAisid
virhm stated as calbration walue represents the maximum of the inferpolated 30-E-field, in the plane above
fhe dipale surface.

Thea reporied wncartainty of measurement is stated &s the standard uncertainty of measurament multiplied by the
owerape factor k=2, which for a normal distribution cormespands to & coverage probability of approximately 95%.
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Measurement Conditions
DY systam configuretion, &8 tar ag not given an page 1.
DASY Version DASYE | VE2. 104
Phantom HAC Test Arch
Distance Dipole Top - Probe Center 15 mm |
Scan resolution dx, dy = 5 mm ]
Fraguency 2450 MHz = 1 MHz
Inpul power drift < 0.05 9B

Maximum Field values at 2450 MHz

E-field 15 mm above dipole surface condition Interpolated maximum
Maximum measurad abaove high end 100 mV input powes 88,3 Wim = 3892 dEWim
Maximum measurad sbave low end 100 iV input power B7.2 Vim = 38,81 dEViMm
Avaraged maximum above anm 100 mY input power B7.6¥im = 12.8 % (=2}

Appendix (Additlonal assessments outside the scope of SCS 0108)

Antenna Parameters

FI'WI.WTI-E!I' Relurn Loss Impedance

2250 MHz 167d8 Aa40+ 1610
2350 MHz X 250 dB S28O-E1 2
2450 MHz 207 dB §170-28j0
2550 MHz 46,7 dB | G030+ 0.3
2650 MHz 16.7 4B G244 - 980

3.2 Antenna Design and Handling

Ther calbrration dipale has a symmatric gaomatry with a buit-in two siub matching natwark, which lesds ta the
enhanced bandwidth.

The dipole is built of standand semirigid coaxial cable. The inlermal matching line is open ended. The antanna s
therafera open for DG signals.

Dz neot mpply forca to dipole arms, &s they are liabls 1o bend. The soldared connections near the feedpoint may be
damaged. After axcessive mechanical strass or overhaating. check the impedance charactenistics to ensure that the
mtarmal matching netwark is not affected.

AMer long 1enm Lse with 40W radizled power, only & slight warming of the dipale near the leedaaint can be measured.

Ceddificate Moo CO2450W3-10428_Marid Page 3od 5

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.

FRIESS AR - RS RSN B & LR IREAOOKR » A& KRR N EEF T R el By -

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. 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.
SGS Taiwan Ltd

SRRAPHERSF LR

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
t (886-2) 2299-3279 f (886-2) 2298-0488 WWW.tw.Sgs.com
| Member of SGS Group




Report No. : E5/2018/A0019
Page: 51 of 52

Impedance Measurement Plot
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DASYS E-field Result

Digte: 14032008
Test Laborstory: SPEAG Lab2
DUT: HAC Dipole 2450 MHz; Typer CD2430% 3 Serial: CO2450% 3 - 5M: 1044

Communication System; UTD O - CW ; Frequency: 2450 MH:
Madiam parameters used: o= 0 8fm. g5 = 13 p= 1300 kgim®
Fhantam section: RF Section

Micsnrement Standand: DASYS {IEEEARC/ANS] CA3.19-2011)

[A5Y52 Conligurathon

= Probe; EF30V - SM4D13; ConvFlL, 1, 1); Calbrated: 05103, J018;

»  Sensor-Surface: (Fhe Surface)

#  Electronics: DWME4 EnTa1; Calibrated: 17,00 2008

*  Phantom: HAC Test Arch with ARMCOC; Type: 50 HAC POT B&; Serial: 1070
*  DASYS2 SL1000[1446); SEMCAD K 14 6.10[7417]

Dipole E-Field measurement & 24500MH=E-Scan - 24508 Hx d=1 SmmeHearing Ald Compatibility Tist (41x181x1):
Tneerpalaned prid: du=0 300K pam, dy=0k 5000 mim
Device Reference Point: (b, 4, -6.2 mm
Eeference Yaloe = T4.25 ¥im; Power Drrift = 01 dB
Appliad MIF = 0.00 48
RF audio interfenence level = 3892 dBYim
Emessson category: M2
MIF scaled E-fieid

Gorid 1 M2 |Grid 2042 |Grid 2 M2
38,44 dBY fm | 38.81 dBV/m |38.77 dBV/m
Corid 4 M2 |Grid 5M2  |Grid 6 M2
37.81 4BV m |28.09 dBVm (2806 dEV/m

Grid 7 M2 |Grid 22 [Grid o m2
38,58 dBV/m 28,52 dBV/m |38.85 dBV/m

-1.34

-2ED

-4

-b.38

-b.TE

OdB =30.33 V/m = 38.92 diV/m

Cestificate Moo CO2450V3-1024_ Maridl Papes S oi &
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