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HEARING AID COMPATIBILITY
T-COIL TEST REPORT

FCCID : 2AJOTTA-1093

Equipment : GSM/WCDMA/LTE Mobile Phone
Brand Name : Nokia

T-Rating : T3

Applicant : HMD Global Oy

Karaportti 2 02610 Espoo FINLAND
Manufacturer : HMD Global Oy

Karaportti 2 02610 Espoo FINLAND
Standard : FCC 47 CFR §20.19

ANSI C63.19-2011

We, SPORTON INTERNATIONAL INC., would like to declare that the tested sample has been
evaluated in accordance with the test procedures and has been in compliance with the
applicable technical standards.

The report must not be used by the client to claim product certification, approval, or
endorsement by TAF or any agency of government.

The test results in this variant report apply exclusively to the tested model / sample.
Without written approval of SPORTON INTERTIONAL INC. EMC & Wireless
Communications Laboratory, the test report shall not be reproduced except in full.

Approved by: Jones Tsai / Manager

SPORTON INTERTIONAL INC. EMC & Wireless Communications Laboratory
No. 52, Huaya 1st Rd., Guishan Dist., Taoyuan City, Taiwan (R.O.C.)
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1. General Information

Product Feature & Specification
Applicant Name HMD Global Oy

Equipment Name GSM/WCDMA/LTE Mobile Phone

Brand Name Nokia

FCCID 2AJOTTA-1093

HW Version HW0343

SW Version 000C 0 146

EUT Stage Identical prototype

Exposure category General Population/Uncontrolled Exposure

Date Tested 2018/05/17 ~ 2018/06/08

GSM850: 824.2 MHz ~ 848.8 MHz

GSM1900: 1850.2 MHz ~ 1909.8 MHz

WCDMA Band II: 1852.4 MHz ~ 1907.6 MHz

WCDMA Band IV: 1712.4 MHz ~ 1752.6 MHz

WCDMA Band V: 826.4 MHz ~ 846.6 MHz

LTE Band 2: 1850.7 MHz ~ 1909.3 MHz

LTE Band 4 : 1710.7 MHz ~ 1754.3 MHz

e Ee] LTE Band 5: 824.7 MHz ~ 848.3 MHz
quency LTE Band 7: 2502.5 MHz ~ 2567.5 MHz

LTE Band 12: 699.7 MHz ~ 715.3 MHz

LTE Band 13: 779.5 MHz ~ 784.5 MHz

LTE Band 17: 706.5 MHz ~ 713.5 MHz

LTE Band 38: 2572.5 MHz ~ 2617.5 MHz

LTE Band 66: 1710.7 MHz ~ 1779.3 MHz

WLAN 2.4GHz Band: 2412 MHz ~ 2462 MHz

Bluetooth: 2402 MHz ~ 2480 MHz

GSM/GPRS/EGPRS

RMC/AMR 12.2Kbps

HSPA+ (16QAM uplink is not supported)

LTE: QPSK, 16QAM

WLAN 2.4GHz : 802.11b/g/n HT20/HT40

Bluetooth v3.0+EDR, Bluetooth v4.0 LE, Bluetooth v4.1 LE, Bluetooth v4.2 LE

Remark: This is a change ID application base on FCC ID: 2AJOTTA-1084(Sporton report number HA832104B), TA-1093
is single SIM card mobile and original model TA-1084 is dual SIM cards mobile. We evaluate that there has no effect on
HAC distribution, so all the test results release from original report which can be referred to Sporton report number
HA832104B, FCC ID: 2AJOTTA-1084).

Reviewed by: Eric Huang
Report Producer: Wan Liu
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Report No. : HA832104-01B

SPORTON LAB. HAC T'COIL TEST REPORT

2. Testing Location

Sporton Lab is accredited to ISO 17025 by Taiwan Accreditation Foundation (TAF code: 1190) and the FCC designation
No. TW1190 under the FCC 2.948(e) by Mutual Recognition Agreement (MRA) in FCC test.

Testing Laboratory

Test Site SPORTON INTERNATIONAL INC.

No. 52, Huaya 1st Rd., Guishan Dist., Taoyuan City, Taiwan (R.O.C.)
Test Site Location TEL: +886-3-327-3456

FAX: +886-3-328-4978

: Sporton Site No.:

Test Site No. SAR04-HY

3. Applied Standards

+  FCC CFRA47 Part 20.19

+ ANSI C63.19 2011-version

- FCC KDB 285076 D01 HAC Guidance v05
+  FCC KDB 285076 D02 T Coil testing v03

-+ FCC KDB 285076 D03 HAC FAQ vO01

TEL : 886-3-327-3456 Page : 5 0of 20
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Form version: 180516
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4. Air Interface and Operating Mode

Air C63.19 Simultaneous Name of Voice Power
Interface Band MHz - ; i
Tested Transmitter Service Reduction
GSM850 WLAN, BT . No
VO Yes CMRS Voice
GSM1900 WLAN, BT No
GSM EDGE850 Google Duo'”
VD Yes WLAN, BT / No
EDGE1900 SIP caIIing“’z)
850 WLAN, BT No
1750 VO Yes WLAN, BT CMRS Voice No
UMTS 1900 WLAN, BT No
Google Duo"”
HSPA VD Yes WLAN, BT / No
SIP calling"?
Band 2 WLAN, BT No
Band 4 WLAN, BT No
Band 5 WLAN, BT VoLTE No
Band 7 WLAN, BT / No
Sl VD Yes Google Duot"
(FDD) Band 12 WLAN, BT / No
Band 13 WLAN, BT SIP calling”? No
Band 17 WLAN, BT No
Band 66 WLAN, BT No
VoLTE
LTE J
Band 38 VD Yes WLAN, BT Google Duot" No
(TDD) /
SIP calling"?
Google Duo"” No
Wi-Fi 2450 VD Yes GSM,WCDMA,LTE /
SIP calling"? No
BT 2450 DT No GSM,WCDMA,LTE NA No
Type Transport:
VO= Voice only
DT= Digital Transport only (no voice)
VD= CMRS and IP Voice Service over Digital Transport
Remark:
1. For protocols not listed in Table 7.1 of ANSI C63.19-2011 or the ANSI C63.19-2011 VoLTE interpretation, the average
speech level of —20 dBmO0 should be used.
2. The SIP calling is android internal auxiliary functions under the dialing program.
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5. Measurement standards for T-Coil

5.1Frequency Response

The frequency response of the perpendicular component of the magnetic field, measured in 1/3 octave bands, shall
follow the response curve specified in this sub-clause, over the frequency range 300 Hz to 3000 Hz.

Figure 1.1 and Figure 1.2 provide the boundaries as a function of frequency. These response curves are for true
field-strength measurements of the T-Coil signal. Thus, the 6 dB/octave probe response has been corrected from
the raw readings.
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Fig. 1.1 Magnetic field frequency response for WDs with field strength<-15dB at 1 KHz
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Fig. 1.2 Magnetic field frequency response for WDs with a field that exceeds —15 dB(A/m) at 1 kHz

5.2 T-Coil Signal Quality Categories

This section provides the signal quality requirement for the intended T-Coil signal from a WD. Only the RF immunity
of the hearing aid is measured in T-Coil mode. It is assumed that a hearing aid can have no immunity to an
interference signal in the audio band, which is the intended reception band for this mode. A device is assessed
beginning by determining the category of the RF environment in the area of the T-Coil source.

The RF measurements made for the T-Coil evaluation are used to assign the category T1 through T4. The limitation
is given in Table 1. This establishes the RF environment presented by the WD to a hearing aid.

Telephone parameters WD signal quality

Sl ((signal + noise) to noise ratio in dB)
Category T1 Oto 10dB
Category T2 10 to 20 dB
Category T3 20 to 30 dB
Category T4 >30dB

Table 1 T-Coil Signal Quality Categories
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6. T-Coil Test Procedure

Referenced to ANSI C63.19-2011, Section 7.4,
This section describes the procedures used to measure the ABM (T-Coil) performance of the WD. In addition to
measuring the absolute signal levels, the A-weighted magnitude of the unintended signal shall also be determined.
To assure that the required signal quality is measured, the measurement of the intended signal and the
measurement of the unintended signal must be made at the same location for each measurement position. In
addition, the RF field strength at each measurement location must be at or below that required for the assigned
category.
Measurements shall not include undesired properties from the WD's RF field; therefore, use of a coaxial connection
to a base station simulator or non-radiating load, there might still be RF leakage from the WD, which can interfere
with the desired measurement. Pre-measurement checks should be made to avoid this possibility. All
measurements shall be performed with the WD operating on battery power with an appropriate normal speech
audio signal input level given in ANSI C63.19-2011 Table 7.1. If the device display can be turned off during a phone
call, then that may be done during the measurement as well,

Measurement shall be performed at two locations specified in ANSI C63.19-2011 A.3, with the correct probe

orientation for a particular location, in a multistage sequence by first measuring the field intensity of the desired

T-Coil signal the same location as the desired ABM or T-Coil signal (ABM1), and the ratio of desired to undesired

magnetic components (ABM2) must be measured at the same location as the desired ABM or T-Coil signal (ABM1),

and the ratio of desired to undesired ABM signals must be calculated. For the perpendicular field location, only the

ABM1 frequency response shall be determined in a third measurement stage.

The following steps summarize the basic test flow for determining ABM1 and ABM2. These steps assume that a

sine wave or narrowband 1/3 octave signal can be used for the measurement of ABM1.

a. A validation of the test setup and instrumentation may be performed using a TMFS or Helmholtz coil Measure
the emissions and confirm that they are within the specified tolerance.

b. Position the WD in the test setup and connect the WD RF connector to a base station simulator or a
non-radiating load. Confirm that equipment that requires calibration has been calibrated, and that the noise
level meets the requirements given in ANSI C63.19-2011 clause 7.3.1.

c. The drive level to the WD ise set such that the reference input level specified in ANSI C63.19-2011 Table 7.1 is
input to the base station simulator (or manufacturer's test mode equivalent) in 1 kHz, 1/3 octave band. This
drive level shall be used for the T-Coil signal test (ABM1) at f = 1 kHz. Either a sine wave at 1025 Hz or a
voice-like signal, band-limited to the 1 kHz 1/3 octave, as defined in ANSI C63.19-2011 clause 7.4.2, shall be
used for the reference audio signal. If interference is found at 1025 Hz an alternative nearby reference audio
signal frequency may be used. The same drive level shall be used for the ABM1 frequency response
measurements at each 1/3 octave band center frequency. The WD volume control may be set at any level up to
maximum, provided that a signal at any frequency at maximum modulation would not result in clipping or signal
overload.

d. Determine the magnetic measurement locations for the WD device (A.3), if not already specified by the
manufacturer, as described in ANSI C63.19-2011 clause 7.4.4.1.1 and 7.4.4.2.

e. At each measurement location, measure and record the desired T-Coil magnetic signals (ABM1 at fi) as
described in ANSI C63.19-2011 clause 7.4.4.2 in each individual ISO 266-1975 R10 standard 1/3 octave band.
The desired audio band input frequency (fi) shall be centered in each 1/3 octave band maintaining the same
drive level as determined in item c) and the reading taken for that band.

f. Equivalent methods of determining the frequency response may also be employed, such as fast Fourier
transform (FFT) analysis using noise excitation or input-output comparison using simulated speech. The
full-band integrated probe output, as specified in D.9, may be used, as long as the appropriate calibration curve
is applied to the measured result, so as to yield an accurate measurement of the field magnitude. (The resulting
measurement shall be an accurate measurement in dB A/m.)

g.- All Measurements of the desired signal shall be shown to be of the desired signal and not of an undesired
signal. This may be shown by turning the desired signal ON and OFF with the probe measuring the same
location. If the scanning method is used the scans shall show that all measurement points selected for the
ABM1 measurement meet the ambient and test system noise criteria in ANSI C63.19-2011 clause 7.3.1.

h. At the measurement location for each orientation, measure and record the undesired broadband audio
magnetic signal (ABM2) as specified in ANSI C63.19-2011 clause 7.4.4.4 with no audio signal applied (or digital
zero applied, if appropriate) using A-weighting and the half-band integrator. Calculate the ratio of the desired to
undesired signal strength (i,e., signal quality).

i. Obtain the data from the postprocessor, SEMCAD, and determine the category that properly classifies the
signal quality based on ANSI C63.19-2011 Table 8.5.
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6.1 Test Flow Chart

Test Instructions
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eq wip ment
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& 7.4.4.4
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# Measure desired audio band r
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# Cakulaie signal sivengih I

Cakulite signal g uality

# Measure frequency resposne ]
{popendicular orieniationonly)

A

Per sub clhuse 7.4.5 - 7.4.6

po
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i
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Fig. 2 T-Coil Signal Test flowchart
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6.2 Test Setup Diagram

i
y Audio
WD Base Station Simulator AMCC Probe

General Note:

1. Define the all applicable input audio level as below according to C63.19 and KDB 285076 D02v03:
- GSM input level: -16dBm0
- UMTS input level: -16dBm0
- VoLTE input level: -16dBmO
- OTT VolIP input Level: -20dBm0

2. For GSM/UMTS test setup and input level, the correct input level definition is via a communication tester
CMU200’s “Decoder Cal” and “Codec Cal” with audio option B52 and B85 to set the correct audio input
levels.

3. CMU200 is able to output 1kHz audio signal equivalent to 3.14dBm0 at "Decoder Cal." confuguration, the
signal reference is used to adjust the AMMI gain setting to reach -16dBm0 for GSM/UMTS. CMW500
input is calibrated and the relation between the analog input voltage and the internal level in dBmO can be
determined.

4. The test setup used for VoLTE over IMS is via the callbox of CMW500 for T-coil measurement, The data
application unit of the CMW500 was used to simulate the IP multimedia subsystem server. The CMW500
can be manually configured to ensure and control the speech input level result is -16dBmO0 for VoLTE
when the device during the IMS connection.

5. The test setup used for Google DUO VolIP call is via the data application unit on CMW500 connection to
the Internet, also connection to the other auxiliary VolP unit which is used to configure the audio codec
and bit rate and also monitor the audio input level of -20dBmO.
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1. The Required gain factor for the specific signal shall typically be multiplied by this factor to achieve approx. the same

level as for the 1kHz sine signal
2. The below calculation formula is an example and showing how to determine the input level for the device.

The predefined signal types have the following differences / factors compared to the 1kHz sine signal:

| signal Duration | Peak-to- | RMS | Required gain Gain
[file name] [5] RMS[dB] | [dB] | factor®) | setting
| 1kHz sine [ - [ 30 Too ] 100

| 48k_1.025kHz_10s.wav _1_-:;_ 1T 30 |00 | 100 |

| 48k_1kHz_3.15kHz_10swav | 10 | 60 | -30 | 142 |
| 48k_315Hz_1kHz_10s.wav _ 10 | 6.0 | =29 1.40 |

| 48k_csek_8k_441_white_10s.wav | 10 13.8 105 3.34 |

| 48k_multisine_50- 5000_10s.wav 1 1w | 13 79 2.49 | |

| 4Bk_voice_1kHz_1s.wav T 1 1 162 | 127 433 _!

| 48k _voice 300 3000 2s. wav | 2 | 2186 | -18.6 8.48 |

(") The gain for the specific signal shall typically be muiltiplied by this factor to acheive approx. the same
level as for the 1kHz sine signal.

Insert the gain applicable for your setup in the last column of the table.

Calculation formula:

- Audio Level at -16dBmo0 = ((-16dBm0) — (3.14dBm0)) + X dBv

- Calculated Gain at -16dBmO0 = 10(( audio level at -16dBm0 — Y dBm0) / 20) * 10
- Gatting setting at -16dBm0 = required gain factor * calculated gain

Gain Value 20* log(gain) AMCC Coil In
(linear) dB (dBv RMS)
-2.47 3.14
10 20 -19.85 -14.24
8.17 18.24 -21.61 -16
Signal Type Duration Peak to RMS Required Gain Ca_lculatt_ad
(s) (dB) Factor Gain Setting
1kHz sine - 3 0 1 8.17
48k_voice_1kHz 1 16.2 -12.7 4.33 35.36
48k_voice_300Hz ~ 3kHz 2 21.6 -18.6 8.48 69.25
Page : 11 of 20
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6.3Description of EUT Test Position

Fig.3 illustrate the references and reference plane that shall be used in a typical EUT emissions
measurement. The principle of this section is applied to EUT with similar geometry. Please refer to
Appendix C for the setup photographs.

€ Theareais5cmby5cm.

€ The areais centered on the audio frequency output transducer of the EUT.

€ The areais in a reference plane, which is defined as the planar area that contains the highest point
in the area of the phone that normally rests against the user’s ear. It is parallel to the centerline of
the receiver area of the phone and is defined by the points of the receiver-end of the EUT handset,
which, in normal handset use, rest against the ear.

€ The measurement plane is parallel to, and 10 mm in front of, the reference plane.

Transverse

Perpendicular Measurement
Measurement 2 Location Transverse
Location Measurement 2 Q
Location i /1\
Measurement ! i
Reference — | 1 i
Point - e B EE | o !
Perpendicular / i
Measurement | Receiver
Location { Axis
-
Measurement
Plane 10 mm —

Fig.3 A typical EUT reference and plane for T-Coil measurements
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Report No. : HA832104-01B

7. Test Equipment List

Manufacturer Name of Equipment Type/Model  Serial Number Calibration
Last Cal. Due Date

SPEAG Data Acquisition Electronics DAE4 1386 Jul. 20, 2017 Jul. 19, 2018
SPEAG Data Acquisition Electronics DAE4 1279 Jan. 03, 2018 Jan. 02, 2019
SPEAG Data Acquisition Electronics DAE4 1424 Jan. 18, 2018 | Jan. 17, 2019
SPEAG Audio Magnetic 1D Field Probe AM1DV3 3106 Nov. 28, 2017 | Nov. 27, 2018
SPEAG Active Audio Magnetic Field Probe AM1DV3 3128 Dec. 20, 2017 | Dec. 19, 2018
SPEAG Audio Magnetic 1D Field Probe AM1DV3 3130 Nov. 21,2017 | Nov. 20, 2018
SPEAG Audio Magnetic Calibration Coil AMCC 1049 NCR NCR
SPEAG Audio Measuring Instrument AMMI 1041 NCR NCR
VICTOR Temperature and humidity meter VC230 H-3 Apr. 15, 2018 Apr. 14, 2019
SPEAG Test Arch Phantom N/A N/A NCR NCR
SPEAG Phone Positioner N/A N/A NCR NCR
Anritsu Power Senor MA2411B 1306099 Aug. 21, 2017 | Aug. 20, 2018
Anritsu Power Meter ML2495A 1349001 Jul. 19, 2017 Jul. 18, 2018
Anritsu Radio communication analyzer MT8820C 6201300653 Jul. 19, 2017 Jul. 18, 2018

R&S Base Station(Measure) CMU200 112569 Sep. 10,2017 | Sep. 09, 2018

R&S Base Station(Measure) CMU500 S110702JGE02 | Jul. 19, 2017 Jul. 18, 2018

Note: NCR: “No-Calibration Required”

TEL : 886-3-327-3456
FAX : 886-3-328-4978
Form version: 180516
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SPORTON LAB. HAC T'COIL TEST REPORT

Report No. : HA832104-01B

8. T-Coil testinq for CMRS Voice

General Note:

1.  The middle channel of each frequency band is used for T-Coil testing according ANSI C63.19 2011.

2.

For VoL TE radio configuration investigation is choose either one codec and an investigation was performed on all

frequency band, data rates and modulations and RB configuration to determine the radio configuration to be used for
testing, the following tests results which the worst case configuration would be remarked to be used for the testing for

the handset.

Choose worst case from radio configuration investigation. After investigation was performed to determine the audio

codec configuration to be used for testing, the following tests results which the worst case codec would be remarked

to be used for the testing for the handset.

8.1GSM Tests Results

<Codec Investigation>

Orientation

Band / Channel

ABM 1 (dBA/m) 4.00 3.40

ABM 2 (dBA/m) -20.74 -21.62

Freq. Response Pass Pass
Signal Quality (dB) 24.74 25.02

Axial

GSM850 / 189

<Summary Tests Results>

. . Freq.
Probe St (ST Response Frequenc
Air Interface Channel Position Quality Ratin Noise Varﬁltion Re: onsg
dB 9 dB (A/m) I P
f Axial (Z 4.00 |-20.74| 24.74 T3 -50.33
1 GSM850 Vome(speeclh codec handset 189 @ 2 Pass
ow) Transversal (Y) |-10.05|-36.60 | 26.55 T3 -50.23
i Axial (Z 4.13 |-23.26 | 27.39 T3 -50.29
P GSM1900 Vome(speeclh codec handset 661 (2 P Pass
ow) Transversal (Y) | -9.64 [-39.05| 29.41 T3 -50.18

8.2UMTS Tests Results

<Codec Investigation>

AMR 4.75Kbps

AMR 7.95Kbps

AMR 12.2Kbps

Orientation

Band / Channel

ABM 1 (dBA/m) -2.94 -3.03 -3.06
ABM 2 (dBA/m) -46.45 -46.45 -46.4
Freq. Response Pass Pass Pass
Signal Quality (dB) 43.51 43.42 43.34

Axial Band 5/4182

<Summary Tests Results>

Plot Probe Sidhal Ambient Re';re:r;se Frequenc
Air Interface Channel o Quality . Noise por q y
No. Position Rating Variation Response
dB dB (A/m) dB
Axial (Z) 249 |-42.82| 45.31 T4 -50.30
3 WCDMA V Voice (speech codec low) 4182 1.86 Pass
Transversal (Y) | -5.77 |-48.03 | 42.26 T4 -50.25
Axial (Z) 291 |-41.97 | 44.88 T4 -50.21
4 WCDMA IV Voice (speech codec low) 1413 1.65 Pass
Transversal (Y) | -6.17 |-47.93 | 41.76 T4 -50.27
Axial (Z) -5.32 (-43.10| 37.78 T4 -50.35
5 WCDMA I Voice (speech codec low) 9400 1.92 Pass
Transversal (Y) |-10.02 | -44.40 | 34.38 T4 -50.23

TEL : 886-3-327-3456
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8.3VOoLTE Tests Results

<Radio Configuration Investigation>

Air Interface Sandwidth Modulation channel dQBM1 ABN2 gl'gl‘l?\ll
(MHz) (A/m) dB (A/m) )
LTE Band 2 20 QPSK 1 0 18900 0.56 -42.23 42.79
LTE Band 2 20 QPSK 50 0 18900 1.96 -41.03 42.99
LTE Band 2 20 QPSK 100 0 18900 1.70 -43.17 44.87
LTE Band 2 20 16QAM 1 0 18900 1.98 -42.22 44.20
LTE Band 2 15 QPSK 1 0 18900 2.14 -42.83 44.97
LTE Band 2 10 QPSK 1 0 18900 2.00 -43.08 45.08
LTE Band 2 5 QPSK 1 0 18900 1.93 -43.20 45.13
LTE Band 2 ) QPSK 1 0 18900 1.91 -42.85 44.76
LTE Band 2 1.4 QPSK 1 0 18900 2.08 -42.68 44.76

<AMR Codec Investigation>

NB AMR WB AMR NB AMR WB AMR ) . Band / BW /
4.75Kbps 6.60Kbps 12.2Kbps 23.85Kbps Orientation S
ABM 1 (dBA/m) 0.56 0.35 1.78 -0.03
ABM 2 (dBA/m) -42.23 -42.95 -42.94 -43.02 .
Axial B2 /20M / 18900
Freq. Response Pass Pass Pass Pass
Signal Quality (dB) 42.79 43.30 44.72 42.99
TEL : 886-3-327-3456 Page : 15 of 20
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<EVS Codec Investigation>

EVS SWB EVS SwWB EVS WB EVS WB EVS NB EVS NB . ) Band / BW/
9.6Kbps 128Kbps 5.9Kbps 128Kbps 5.9Kbps 24.4Kbps Orientation e —
ABM 1 (dBA/m) 0.03 1.67 0.64 0.81 0.73 1.58
ABM 2 (dBA/m) -43.51 -41.68 -42.13 -42.16 -42.56 -41.49 Acial B2 /20M/
Freq. Response Pass Pass Pass Pass Pass Pass 18900
Signal Quality (dB) 43.54 43.35 42.77 42.97 43.29 43.07

<Summary Tests Results>

Signal Ambient )
Plot ,. BW Modulation RB RB Probe . ; Response Frequency
Air Interface : Channel o Quality . Noise D
No. (MHz) Size offset Position Rating Variation Response
dB dB (A/m) dB

Axial (Z) 0.64 |49.35| 42.77 T4 -48.71

6 | LTE Band 2 20 QPSK 1 0 18900 2 Pass
Transversal (Y) | -5.57 | 42.98 | 38.28 T4 -48.55
Axial (Z) 1.09 | 50.10 | 42.76 T4 -49.01

7 | LTEBand 4 20 QPSK 1 0 20175 2 Pass
Transversal (Y) | -8.02 | 40.93 | 36.86 T4 -48.95
Axial (Z) -0.05 | 48.63 | 43.45 T4 -48.68

8 | LTEBand 5 10 QPSK 1 0 20525 2 Pass
Transversal (Y) | -8.45 | 40.31 | 38.61 T4 -48.76
Axial (Z) 0.84 | 49.79 | 43.05 T4 -48.95

9 | LTEBand 7 20 QPSK 1 0 21100 2 Pass
Transversal (Y) | -6.11 | 42.61 | 38.42 T4 -48.72
Axial (Z) 225 | 51.30 | 42.45 T4 -49.05

10 [ LTEBand 12| 10 QPSK 1 0 23095 2 Pass
Transversal (Y) | -7.91 | 40.85 | 38.64 T4 -48.76
Axial (Z) 1.562 | 50.22 | 42.57 T4 -48.70

11 | LTEBand 13 | 10 QPSK 1 0 23230 2 Pass
Transversal (Y) | -7.45 | 41.10 | 38.74 T4 -48.55
Axial (Z) 0.60 |[49.51 | 42.04 T4 -48.91

12 | LTEBand 17 | 10 QPSK 1 0 23790 2 Pass
Transversal (Y) |-10.37 | 38.43 | 37.61 T4 -48.80
Axial (Z) 0.36 |49.43 | 42.33 T4 -49.07

13 | LTEBand 66 | 20 QPSK 1 0 132322 2 Pass
Transversal (Y) | -8.84 | 39.94 | 36.67 T4 -48.78
Axial (Z) 3.69 |52.48 | 35.63 T4 -48.79

14 [ LTEBand 38 | 20 QPSK 1 0 38000 1.98 Pass
Transversal (Y) [-12.87 | 35.82 | 30.20 T4 -48.69

TEL : 886-3-327-3456
FAX : 886-3-328-4978
Form version: 180516
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9. T-Coil testing for OTT VolP Calling

General Notes:

1.

The Google Duo VolP call software is pre-installed on this device and head-to-ear scenario should be consideration,
the Google Duo only support OPUS audio codec and support 6Kbpa to 75Kbps bitrate. According to KDB 285076
D02, all air interfaces via a data connection with google hangouts VolIP calling would be consideration to be tested.
The test setup used for Google Duo VolP call is via the data application unit on CMW500 connection to the Internet,
also connection to the other auxiliary VolP unit which is used to configure the audio codec and bit rate and also
monitor the audio input level of -20dBmO0.

The SIP VolP application software is pre-installed on this device and head-to-ear scenario should be consideration,
the SIP VolP application support several audio codecs as below table. According to KDB 285076 D02, all air
interfaces via a data connection with SIP VolIP calling would be consideration to be tested.

The test setup used for SIP VolP application is via the data application unit on CMW500 connection to the Internet,
also connection to the other auxiliary VolP unit which is used to configure the audio codec and bit rate and can be
determined the audio input level of -20dBmO.

According to VoLTE radio configuration investigation, the worst case radio configuration is used for OTT over LTE
testing.

For OTT over WiFi radio configuration investigation is choose either one codec and an investigation was performed
on in each data rates and modulations to determine the radio configuration to be used for testing, the following tests
results which the worst case configuration would be remarked to be used for the testing for the handset.

For OTT VolIP codec investigation test reduction, due to all air interface have the same codec configuration, therefore,
the codec investigation was choose UMTS Band 2 to determine the audio codec configuration to be used for others
air interfaces testing.

9.10TT over GSM

<Google Duo Codec Investigation>

Bitrate Bitrate Bitrate

Report No. : HA832104-01B

6Kbps 40Kbps 75Kbps Orientation Band / Channel
ABM 1 (dBA/m) 0.46 0.89 0.4
ABM 2 (dBA/m) -35.96 -35.03 -35.3
Axial UMTS B2 /9400
Signal Quality (dB) 36.42 35.92 35.7
Freq. Response PASS PASS PASS

<SIP Codec Investigation>

VolP Codec(SIP)

GSM 8 kHz GSM -EFR AMR 8 kHz G.711 A-law G.711 u-law Orientation Band / Channel
ABM 1 (dBA/m) -1.87 -2.88 -2.71 -0.41 -1.7
ABM 2 (dBA/m) -36.23 -37.32 -37.44 -35.32 -35.81 . UMTS B2/
Axial 9400
Signal Quality (dB) 34.36 34.44 34.73 34.91 34.11
Freq. Response PASS PASS PASS PASS PASS
TEL : 886-3-327-3456 Page : 17 of 20
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<Radio Configuration Investigation>

) Bandwidth ABM1 ABM2 Signal Quality
Air Interface (MHz) Data Rate channel dB (A/m) dB (A/m) (dB)
WLAN2.4GHz 802.11b 1Mbps 6 -1.70 -33.14 31.44
WLAN2.4GHz 802.11b 11Mbps 6 =124 -33.70 32.49
WLAN2.4GHz 802.11g 6Mbps 6 -1.73 -33.64 31.91
WLAN2.4GHz 802.11g 54Mbps 6 -1.94 -33.63 31.69
WLAN2.4GHz 802.11n-HT20 MCSO0 6 -1.78 -33.42 31.64
WLAN2.4GHz 802.11n-HT20 MCS7 6 -1.38 -33.19 31.81
WLAN2.4GHz 802.11n-HT40 MCS0 6 -1.65 -33.23 31.58
WLAN2.4GHz 802.11n-HT40 MCS7 6 =1.18 -33.14 31.99

<Summary Tests Results>

Signal Ambient AL
Plot Air Interface Channel Pr<_)t_:e Quality T Noise Respo_nse A
No. Position Rating Variation = Response
dB dB (A/m) dB
Axial (Z) -1.65 | -25.29 | 23.64 T3 -50.28
15 GSM850 EDGE 2 Tx slots 189 2 Pass
Transversal (Y) | -10.02 | -34.61 | 24.59 T3 -50.18
Axial (Z) -2.19 | -26.00 | 23.81 3! -50.30
16 GSM1900 EDGE 2 Tx slots 661 2 Pass
Transversal (Y) | -10.18 | -34.82 | 24.64 T3 -50.21
Axial (Z) -1.70 | -35.81 | 34.11 T4 -50.33
17 WCDMA I HSPA 9400 2 Pass
Transversal (Y) | -11.22 | -43.97 | 32.75 T4 -50.22
Axial (Z) -4.42 | -36.42 | 32.00 T4 -50.35
18 WCDMA IV HSPA 1413 2 Pass
Transversal (Y) | -11.91 | -43.69 | 31.78 T4 -50.25
Axial (Z) -2.92 | -37.12 | 34.20 T4 -50.29
19 WCDMA V HSPA 4182 1.89 Pass
Transversal (Y) | -9.53 | -43.12 | 33.59 T4 -50.18
Axial (Z) -2.54 |-33.73 | 31.19 T4 -50.25
20 | LTE Band 66 20M_QPSK_1_0 132322 2 Pass
Transversal (Y) | -9.15 | -40.14 | 30.99 T4 -50.15
Axial (Z) -2.02 | -29.18 | 27.16 1) -50.36
21 LTE Band 38 20M_QPSK_1_0 38000 1.86 Pass
Transversal (Y) | -8.95 | -32.16 | 23.21 T3 -50.24
Axial (Z) -1.57 | -34.11 | 32.54 T4 -50.36
22 | WLAN2.4GHz 802.11b 1Mbps 6 2 Pass
Transversal (Y) | -10.26 | -37.93 | 27.67 T3 -50.22
Remark:

1. Phone Condition: Mute on; Backlight off; Max Volume
2. The detail frequency response results please refer to appendix A.

3. Test Engineer: Tom Jiang Galen Chang Iran Wang and Steven Chang
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10. Uncertainty Assessment

The evaluation of uncertainly by the statistical analysis of a series of observations is termed a Type A
evaluation of uncertainty. The evaluation of uncertainty by means other than the statistical analysis of a series
of observation is termed a Type B evaluation of uncertainty. Each component of uncertainty, however
evaluated, is represented by an estimated standard deviation, termed standard uncertainty, which is
determined by the positive square root of the estimated variance. The combined standard uncertainty of the
measurement result represents the estimated standard deviation of the result. It is obtained by combining the
individual standard uncertainties of both Type A and Type B evaluation using the usual “root-sum-squares”
(RSS) methods of combining standard deviations by taking the positive square root of the estimated
variances. Expanded uncertainty is a measure of uncertainty that defines an interval about the measurement
result within which the measured value is confidently believed to lie. It is obtained by multiplying the combined
standard uncertainty by a coverage factor. For purpose of this document, a coverage factor two is used, which
corresponds to confidence interval of about 95 %. The DASY uncertainty Budget is showed in Table 8.2.

Error Descripti e Probability Divi G G Uncorinty | Unmertain
rror bescription (%) Distribution VISOT(ABM1)  (ABM2) ’(‘/‘ieBl\j‘f)‘ y ?XEG&? Y
Probe Sensitivity
Reference Level 3.0 Normal 1 1 1 +3.0% +3.0%
AMCC Geometry 0.4 Rectangular \3 1 1 +0.2% £02%
AMCC Current 1.0 Rectangular \3 1 1 +0.6 % +0.6 %
Probe Pasfloning During 0.1 Rectangular \3 1 1 £0.1% £0.1%
Noise Contribution 0.7 Rectangular \3 0.0143 1 +0.0% 0.4 %
Frequency Slope 5.9 Rectangular \3 0.1 1 +0.3% +3.5%
Repeatability / Drift 1.0 Rectangular V3 1 1 +0.6 % +0.6 %
Linearity / Dynamic Range 0.6 Rectangular \3 1 1 +04 % 0.4 %
Acoustic Noise 1.0 Rectangular \3 0.1 1 +01% £0.6 %
Probe Angle 2.3 Rectangular \3 1 1 £1.4% £1.4%
Spectral Processing 0.9 Rectangular V3 1 1 +0.5% +0.5%
Integration Time 0.6 Normal 1 1 5 +0.6 % +3.0%
Field Disturbation 0.2 Rectangular \3 1 1 +0.1% £0.1%
Test Signal

Refere";‘zssg':;'es'oec”a' 0.6 Rectangular \3 0 1 £0.0 % £0.4 %
Probe Positioning 1.9 Rectangular V3 1 1 +11% +1.1%
Phantom Thickness 0.9 Rectangular V3 1 1 +0.5% +0.5%
EUT Positioning 1.9 Rectangular \3 1 1 +11% +1.1%

RF Interference 0.0 Rectangular \3 1 0.3 +0.0% £0.0%
Test Signal Variation 2.0 Rectangular \3 1 1 +1.2% +1.2%
Combined Standard Uncertainty +41% +6.1%

Coverage Factor for 95 % K=2
Expanded Uncertainty +81% +12.3 %

Table 8.2 Uncertainty Budget of audio band magnetic measurement
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Appendix A. Plots of T-Coil Measurement

The plots are shown as follows.
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

01_HAC T-Coil GSM850 Voice Ch189 Z

Communication System: UID 0, Generic GSM (0); Frequency: 836.4 MHz;Duty Cycle: 1:8.3
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch189/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1): Interpolated
grid: dx=10mm, dy=10mm

ABM1/ABM2 =24.74 dB

ABMI comp =4.00 dBA/m

BWC Factor =0.16 dB

Location: -4.2, -5.4, 3.7 mm

-7.08

-14.16

-21.23

-28.31

-35.39

0dB=1.831 A/m=5.25dBA/m
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Ch189/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.0)
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

01_HAC T-Coil GSM850 Voice Ch189 Y

Communication System: UID 0, Generic GSM (0); Frequency: 836.4 MHz;Duty Cycle: 1:8.3
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch189/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 = 26.55 dB

ABMI comp =-10.05 dBA/m

BWC Factor =0.16 dB

Location: -0.4, -3.8, 3.7 mm

-8.28

-16.96

-24.64

-33.12

-41.40

0dB =0.8431 A/m=-1.48 dBA/m



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

02_HAC T-Coil GSM1900 Voice Ch661 Z

Communication System: UID 0, Generic GSM (0); Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch661/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1): Interpolated
grid: dx=10mm, dy=10mm

ABM1/ABM2 =27.39 dB

ABMI comp =4.13 dBA/m

BWC Factor =0.16 dB

Location: -4.2, -5.8, 3.7 mm

-7.45

-14.90

-22.35

-29.80

-37.25

0dB=1.845 A/m=5.32 dBA/m
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-20-

Ch661/z (axial) wideband at best S/N/ABM Freq Resp(x.y.z.1)

Loc: 42, 42 3.7 mm Duff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

02_HAC T-Coil GSM1900 Voice Ch661 Y

Communication System: UID 0, Generic GSM (0); Frequency: 1880 MHz;Duty Cycle: 1:8.3
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch661/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 =29.41 dB

ABMI comp =-9.64 dBA/m

BWC Factor =0.16 dB

Location: -0.8, -3.8, 3.7 mm

-8.52

-17.04

-25.97

-34.09

-42.61

0dB =0.8508 A/m =-1.40 dBA/m



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

03 HAC T-Coil WCDMA V_AMR_12.2Kbps_Ch4182_Z

Communication System: UID 0, UMTS (0); Frequency: 836.4 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch4182/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABMI1/ABM2 =45.31 dB

ABMI comp = 2.49 dBA/m

BWC Factor =0.16 dB

Location: -5.8, -5, 3.7 mm

-10.00

-20.00

-30.00

-40.00

-50.00

0dB=1.876 A/m=5.46 dBA/m



Ch4182/z (axial) wideband at best S/N/ABM Freq Resp(x.y,z.1)

Loc: 42, 42 3.7 mm Diff: 1 8645
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

03 HAC T-Coil. WCDMA V_AMR _12.2Kbps_Ch4182 Y

Communication System: UID 0, UMTS (0); Frequency: 836.4 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch4182/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 =42.26 dB

ABMI comp =-5.77 dBA/m

BWC Factor =0.16 dB

Location: -5.8, -12.1, 3.7 mm

-8.97

-17.94

-26.91

-35.88

-44.85

0dB=0.8728 A/m=-1.18 dBA/m



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

04 HAC T-Coil. WCDMA IV_AMR_12.2Kbps_Ch1413 Z

Communication System: UID 0, UMTS (0); Frequency: 1732.6 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch1413/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABMI1/ABM2 = 44.88 dB

ABMI comp =2.91 dBA/m

BWC Factor =0.16 dB

Location: -5.4, -5, 3.7 mm

-10.00

-20.00

-30.00

-40.00

-50.00

0dB=1.828 A/m=5.24 dBA/m



Ch1413/z (axial) wideband at best S/N/ABM Freq Resp(x.y,z.1)

Loc: 42, 42 3.7 mm Diff: 16546
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

04 HAC T-Coil. WCDMA IV_AMR_12.2Kbps_Ch1413 Y

Communication System: UID 0, UMTS (0); Frequency: 1732.6 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch1413/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 =41.76 dB

ABMI comp =-6.17 dBA/m

BWC Factor =0.16 dB

Location: -6.2, -12.1, 3.7 mm

-8.97

-17.94

-26.91

-35.88

-44.85

0dB=0.8699 A/m=-1.21 dBA/m



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

05_HAC T-Coil. WCDMA II_ AMR_12.2Kbps_Ch9400 Z

Communication System: UID 0, UMTS (0); Frequency: 1880 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch9400/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 =37.78 dB

ABMI comp =-5.32 dBA/m

BWC Factor =0.16 dB

Location: -6.7, -5.8, 3.7 mm

-10.00

-20.00

-30.00

-40.00

-50.00

0dB=0.8166 A/m=-1.76 dBA/m
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Ch9400/z (axial) wideband at best S/N/ABM Freq Resp(x.y,z.1)
Loc: -8.3, 42, 3.7 mm Diff: 19248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.05.17

05_HAC T-Coil WCDMA II_ AMR_12.2Kbps_Ch9400 Y

Communication System: UID 0, UMTS (0); Frequency: 1880 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.4 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3106; ; Calibrated: 2017.11.28

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1386; Calibrated: 2017.07.20

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

Ch9400/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=10mm, dy=10mm

ABM1/ABM2 = 34.38 dB

ABMI comp =-10.02 dBA/m

BWC Factor =0.16 dB

Location: -5, 0.8, 3.7 mm

-8.58

-17.16

-25.75

-34.33

-42.91

0dB=0.4110 A/m=-7.72 dBA/m



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

06_HAC_T-Coil LTE Band 2 20M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch18900(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 1880 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.77 dB

ABMI comp = 0.64 dBA/m

Location: -6.7, -4.6, 3.7 mm

-9.82
-19.64
-29.45

-39.27

-49.09

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

L

Loc: -8.3, 42 3.7 mm Iuff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

06_HAC_T-Coil LTE Band 2 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch18900(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 1880 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 38.28 dB

ABMI comp =-5.57 dBA/m

Location: -5, 4.2, 3.7 mm

-B.77
-17.54
-26.31

-3b.08

-43.85

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

07_HAC_T-Coil LTE Band 4 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch20175(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 1745 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.76 dB

ABMI comp = 1.09 dBA/m

Location: -4.6, -2.5, 3.7 mm

-9.76
-19.52
-29.28

-39.04

-48.80

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)
Loe: -4.2, 42, 3.7 mm Diff: 245
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

07_HAC_T-Coil LTE Band 4 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch20175(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 1745 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 36.86 dB

ABMI comp =-8.02 dBA/m

Location: -5.4, 5, 3.7 mm

-8.04
-16.07
-24.11

-32.14

-40.18

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

08 HAC_T-Coil LTE Band 5_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch20525(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =43.45 dB

ABMI comp =-0.05 dBA/m

Location: -6.7, -4.2, 3.7 mm

-10.00
-20.00
-30.00

-40.00

-h0.00

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)
Loe: -8.3, 4.2, 3.7 mm Diff: 245
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

08 HAC_T-Coil LTE Band 5_10M_QPSK_I1RB_00ffset EVS-WB 5.9Kbps_Ch20525(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 836.5 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 38.61 dB

ABMI comp =-8.45 dBA/m

Location: -5, -8.3, 3.7 mm

-8.93
-17.86
-26. 78

-35.71

-44.64

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

09 HAC_T-Coil LTE Band 7 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch21100(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 2535 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =43.05 dB

ABMI comp = 0.84 dBA/m

Location: -6.2, -4.2, 3.7 mm

-10.00
-20.00
-30.00

-40.00

-h0.00

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: 42, 42 3.7 mm Duff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

09 HAC_T-Coil LTE Band 7 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch21100(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 2535 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 38.42 dB

ABMI comp =-6.11 dBA/m

Location: -5.4, 4.6, 3.7 mm

-8.97
-17.93
-26.90

-3b.86

-44.83

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

10 HAC_T-Coil LTE Band 12_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23095(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 707.5 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.45 dB

ABMI comp =2.25 dBA/m

Location: -5.4, -4.2, 3.7 mm

-10.00
-20.00
-30.00

-40.00

-h0.00

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: 42, 42 3.7 mm Duff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

10_ HAC_T-Coil LTE Band 12_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23095(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 707.5 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 38.64 dB

ABMI comp =-7.91 dBA/m

Location: -4.6, -8.8, 3.7 mm

-9.1%
-18.31
-27.46

-36.62

-45.F7

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

11_HAC_T-Coil LTE Band 13_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23230(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 782 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.57 dB

ABMI comp =1.52 dBA/m

Location: -5.8, -4.2, 3.7 mm

-10.00
-20.00
-30.00

-40.00

-h0.00

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: 42, 42 3.7 mm Duff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

11_HAC_T-Coil LTE Band 13_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23230(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 782 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 38.74 dB

ABMI comp =-7.45 dBA/m

Location: -3.3, -8.8, 3.7 mm

-8.80
-17.60
-26.39

-3b.19

-43.99

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

12_HAC_T-Coil LTE Band 17_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23790(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 710 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.04 dB

ABMI comp = 0.60 dBA/m

Location: -5, -2.5, 3.7 mm

-9.54
-19.07
-28.561

-38.14

-47.68

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)
Loe: -4.2, 42, 3.7 mm Diff: 245

dBAm
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

12_ HAC_T-Coil LTE Band 17_10M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch23790(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 710 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 =37.61 dB

ABMI comp =-10.37 dBA/m

Location: -5.4, -8.8, 3.7 mm

-8.58
-17.16
-2h. 74

-34.32

-42.90

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

13_HAC_T-Coil LTE Band 66 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch132322(Z)

Communication System: UID 0, FDD LTE (0); Frequency: 1745 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =42.33 dB

ABMI comp =0.36 dBA/m

Location: -5, -2.5, 3.7 mm

-9.51
-19.02
-28.53

-38.04

-47.55

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

dBAm

Loc: 42, 42 3.7 mm Duff: 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

13_HAC_T-Coil LTE Band 66 20M_QPSK_1RB_00ffset EVS-WB 5.9Kbps_Ch132322(Y)

Communication System: UID 0, FDD LTE (0); Frequency: 1745 MHz;Duty Cycle: 1:1
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 = 36.67 dB

ABMI comp =-8.84 dBA/m

Location: -6.2, 4.6, 3.7 mm

-8.14
-16.28
-24.41

-32.5050

-40.69

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

14 HAC_T-Coil LTE Band 38 20M_QPSK_1RB_00ffset EVS-WB5.9Kbps_Ch38000(Z)

Communication System: UID 0, TDD_LTE (0); Frequency: 2595 MHz;Duty Cycle: 1:1.59
Medium: Air Medium parameters used: 6 =0 S/m, e, =1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 = 35.63 dB

ABMI comp = 3.69 dBA/m

Location: -4.2, -4.2, 3.7 mm

-10.00
-20.00
-30.00

-40.00

-50.00

0 dB =1.000=0.00 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: 42, 42 3.7 mm Diff: 1. 9846
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018.6.2

14 HAC_T-Coil LTE Band 38_20M_QPSK_IRB_00ffset EVS-WB 5.9Kbps_Ch38000(Y)

Communication System: UID 0, TDD_LTE (0); Frequency: 2595 MHz;Duty Cycle: 1:1.59
Medium: Air Medium parameters used: 6 =0 S/m, e, = 1;p=0 kg/m3
Ambient Temperature : 23.2 C

DASY5 Configuration:

- Probe: AM1DV3 - 3128; ; Calibrated: 2017.12.20

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1279; Calibrated: 2018.1.3

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.8 (8); SEMCAD X Version 14.6.10 (7331)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z)

(121x121x1): Interpolated grid: dx=1.000 mm, dy=1.000 mm
ABMI1/ABM2 =30.20 dB

ABMI comp =-12.87 dBA/m

Location: -6.7, 0.4, 3.7 mm

-9.62
-19.24
-28.85

-38.47

-48.09

0 dB =1.000=0.00 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

15 HAC_T-Coil GSM850 EDGE 2 Tx slots_Ch189_Axial (Z)

Communication System: GSMS850 ; Frequency: 836.4 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 = 23.64 dB

ABMI1 comp = -1.65 dBA/m

Location: -3, -3.3, 3.7 mm

dB
]

-f.hh

-15.10

-22.64

-30.19

3774 |1

0dB=15.21=23.64dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: -2.9 -3.6, 3.7 mm Diff: 2458
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

15 HAC_T-Coil GSM850 EDGE 2 Tx slots Ch189 Transversal (Y)

Communication System: GSMS850 ; Frequency: 836.4 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =24.59 dB

ABMI1 comp =-10.02 dBA/m

Location: -5.8, 3, 3.7 mm

dB
]

-F.7h

-15.50

-23.25

-31.00

38.75 | 1

0 dB =16.97=24.59 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

16_ HAC_T-Coil GSM1900_EDGE 2 Tx slots Ch661_Axial (Z)

Communication System: PCS ; Frequency: 1880 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =23.81 dB

ABMI1 comp =-2.19 dBA/m

Location: -3, -4, 3.7 mm

dB
]

-F.93

-15.86

-23.748

-31.11

3964 | 1

0dB=15.50=23.81dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loe: -3, -3.8, 3.7 mm Diff- 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

16 HAC_T-Coil GSM1900 EDGE 2 Tx slots Ch661 Transversal (Y)

Communication System: PCS ; Frequency: 1880 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM?2 =24.64 dB

ABMI1 comp =-10.18 dBA/m

Location: -5.8, 3, 3.7 mm

dB
]

-F.94

-15.89

-23.83

-31.748

3972 |1

0dB=17.07=24.64 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

17 HAC_T-Coil WCDMA II_HSPA_Ch9400_Axial (Z)

Communication System: WCDMA ; Frequency: 1880 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =34.11 dB

ABMI1 comp =-1.70 dBA/m

Location: -3.7, -3.3, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB =50.74=34.11 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: -4, -3.1, 3.7 mm Diff- 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

17_ HAC_T-Coil. WCDMA II_HSPA_ Ch9400_ Transversal (Y)

Communication System: WCDMA ; Frequency: 1880 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =32.75 dB

ABMI1 comp =-11.22 dBA/m

Location: -2.3, -11.7, 3.7 mm

dB
]

-8.41

-16.83

-2h.24

-33.66

207 |1

0dB=43.42=32.75dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

18 HAC_T-Coil WCDMA IV_HSPA_Ch1413_Axial (Z)

Communication System: WCDMA ; Frequency: 1732.6 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 °C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 = 32.00 dB

ABMI1 comp =-4.42 dBA/m

Location: -3.7, -3.3, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB =39.80=32.00 dB



10

15

General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: -39, -3, 3.7 mm Diff- 248
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

18 HAC _T-Coil. WCDMA IV_HSPA_ Ch1413 Transversal (Y)

Communication System: WCDMA ; Frequency: 1732.6 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 °C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =31.78 dB

ABMI1 comp =-11.91 dBA/m

Location: -2.3, -11, 3.7 mm

dB
]

-9.01

-18.02

-2F.02

-36.03

4504 |1

0dB=38.83=31.78 dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

19 HAC_T-Coil WCDMA V_HSPA_Ch4182_Axial (Z)

Communication System: WCDMA ; Frequency: 836.4 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM?2 =34.20 dB

ABMI1 comp =-2.92 dBA/m

Location: -4.4, -2.6, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB=51.31=34.20dB



10

15

General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: 4.3, -2.5, 3.7 mm Duff: 1.8548
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

19 HAC T-Coil. WCDMA V_HSPA Ch4182_Transversal (Y)

Communication System: WCDMA ; Frequency: 836.4 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =33.59 dB

ABMI1 comp =-9.53 dBA/m

Location: -2.3, -11, 3.7 mm

dB
]

-9.52

-19.05

-28.57

-38.10

4762 |1

0dB=47.83=33.59dB



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

20 HAC_T-Coil LTE Band 66 20M_QPSK_I1RB_00ffset_ Ch132322_Axial (Z)

Communication System: LTE ; Frequency: 1745 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =31.19 dB

ABMI1 comp =-2.54 dBA/m

Location: -3.7, -1.9, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB=36.25=31.19dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: -3.8, -2.1, 3.7 mm Duff: 2458
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

20 HAC T-Coil LTE Band 66 20M_QPSK 1RB 00ffset Ch132322 Transversal (Y)

Communication System: LTE ; Frequency: 1745 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =30.99 dB

ABMI1 comp =-9.15 dBA/m

Location: -3, -11, 3.7 mm

dB
]

-F.34

-14.68

-22.02

-29.36

36.70 | 1
0 dB =35.44=30.99 dB




Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

21_HAC_T-Coil LTE Band 38 20M_QPSK_1RB 00ffset Ch38000 Axial (Z)

Communication System: LTE TDD ; Frequency: 2595 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 =27.16 dB

ABMI1 comp =-2.02 dBA/m

Location: -3, -3.3, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB=22.80=27.16 dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loe: -3.1, -3.6, 3.7 mm Duff: 1 8648
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Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

21 HAC T-Coil LTE Band 38 20M_QPSK 1RB_00ffset Ch38000_ Transversal (Y)

Communication System: LTE TDD ; Frequency: 2595 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 °C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =23.21 dB

ABMI1 comp =-8.95 dBA/m

Location: -4.4, 3, 3.7 mm

dB
]

-8.58

-17.16

-2h.74

-34.32

290 |1
0dB=14.47=2321dB




Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

22 HAC_T-Coil WLAN2.4GHz_802.11b 1Mbps_Ch6_Axial (Z)

Communication System: 802.11b ; Frequency: 2437 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature * 23.5 C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/z (axial) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABMI1/ABM2 = 32.54 dB

ABMI1 comp =-1.57 dBA/m

Location: -3, -4, 3.7 mm

dB
]

-10.00

-20.00

-30.00

-40.00

s0.00 | T

0dB=42.36=32.54dB



General Scans/z (axial) wideband at best S/N/ABM Freq Resp(X.y.z.1)

Loc: -2.8, 4.1, 3.7 mm Duff: 2458

= | ] e
Frequency Response Lower Limit Upper Limit
: \ f
- - M,
L ""H-\ HH
C 1
10° 10°

Hz

104



Test Laboratory: Sporton International Inc. SAR/HAC Testing Lab Date: 2018/6/8

22 HAC_T-Coil_WLAN2.4GHz_802.11b 1Mbps_Ch6_Transversal (Y)

Communication System: 802.11b ; Frequency: 2437 MHz
Medium: Air Medium parameters used: 6 =0 S/m, e, =1; p=0 kg/m3
Ambient Temperature : 23.5 °C

DASYS5 Configuration:

- Probe: AM1DV3 - 3130; ; Calibrated: 2017/11/21

- Sensor-Surface: Omm (Fix Surface)

- Electronics: DAE4 Sn1424; Calibrated: 2018/1/18

- Phantom: HAC Test Arch with AMCC; Type: SD HAC P01 BA;

- Measurement SW: DASY 52, Version 52.10 (0);SEMCAD X Version 14.6.10 (7417)

General Scans/y (transversal) 4.2mm 50 x 50/ABM Interpolated SNR(x,y,z) (121x121x1):
Interpolated grid: dx=1.000 mm, dy=1.000 mm

ABM1/ABM2 =27.67 dB

ABMI1 comp =-10.26 dBA/m

Location: -3.7, 9.3, 3.7 mm

dB
]

-f.hh

-15.11

-22.66

-30.22

3777 |1

0dB=24.17=27.67dB



seonron as. HAC T-COIL TEST REPORT Report No. : HA832104-01B

Appendix B. Calibration Data

The DASY calibration certificates are shown as follows.

TEL : 886-3-327-3456 Page : B1 of B1
FAX : 886-3-328-4978 Issued Date : Jun. 13, 2018
Form version: 180516
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision instrument and requires careful treatment by the user. There are no
serviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE to wear out.

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE in an antistatic bag. This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside,

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

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

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to charge for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the carresponding canfiguration file,

Important Note:

Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE

while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BR040315AD DAE4 doc 11.12.2009
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Engineering AG i
Zeughausstrasse 43, 8004 Zurich, Switzerland

3 “nruht,
SN s, Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di taratura

e =
NS Swiss Calibration Service
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is ane of the signateries to the EA
Muitilateral Agreement for the recognition of callbration certificates

ciient  Sporton (Auden) - SZ

Accreditation Mo.: SCS 0108

Certificate No: DAE4-1386_Jul17

[CALIBRATION CERTIFICATE |

Object DAE4 - SD 000 D04 BM - SN: 1386

Calibration procedure(s)

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

Calibration date: July 20, 2017

This calibration certificale documents he traceability o nallonal standards, which realize the physical unils of measuremenis (sl
The measurements and Ihe uncertainties with confidence probabiiity are given on the lollowing pages and are part of Ihe certificate.

All callbrations have been conducted In the closed laboratory facilily: anvitonment temperature (22 + 3)°C and humidity < 70%,

Calibration Equipment used (M&TE crilical for calibralion)

Primary Standards 10w Cal Date (Carfificate No.) Scheduled Calibration
Keithlay Mullimsler Type 2001 SN 0B10278 08-Sep-16 (No:19065) Sep-17
Secondary Standards 1D # Check Date (in holise) ‘Scheduled Check

Auto DAE Calibration Unit
Callbrator Box V2.1

SE UWS 053 AA 1001
SE UMS DOB AA 1002

05-dan-17 (in house chack)
05-Jan-17 (in house chack)

In house chack; Jan-18
In house check: Jan-18

Name Funetion Signalure
Calibrated by; Dominique Steflen Laboratory Technitian D2 )
Approved by Svan Kdhn Deputy Manager . }j '} J
VMR Ay

Issued: July 20, 2017

This calibration cerlificate shall nol be reproduced except In lull without written approval of the laboralary.

Certificate No: DAE4-1386_Jul17 Page 1 of 5
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Zeughaussirasse 43, B0D4 Zurich, Switzerland “u __/‘}—‘Q\Ww Swiss Calibration Service
el oW
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multifateral Agreament for the recognition of calibration cerfificates

Glossary
DAE data acquisition electronics

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

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

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

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

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

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

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

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

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

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

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

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

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

Certificate No: DAE4-1386_Jull7 Page 2 of &



DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: 1LSB = 8.1V, full range = -100...4300 mV
~ Low Range: 1LSB = 61nV | full range = 1. .. +3mV
DASY measurement parameters: Auto Zero Time: 3 sac: Measuring time: 3 sec
Calibration Factors X Y &
High Range 404.509 + 0.02% (k=2) | 404.603 £ 0.02% (k=2) | 404.122 + 0.02% (k=2)
Low Range 4.02033 + 1.50% (k=2) | 4.01280 £ 1.50% (k=2) | 4.01256 + 1.50% (k=2)
Connector Angle

Connector Angle 1o be used in DASY system

2035°£1°

Certificate No: DAE4-1386_Jul17
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Appendix (Additional assessments outside the scope of SCS0108)
1. DC Voltage Linearity

High Range Reading (V) Difference (uV) Error (%)
Channel X + Input 199994.40 -0.87 -0.00
Channel X + Input 20001.09 -0.18 -0.00
Channel X = Input ~19999.53 1.66 -0.01
Channel Y + Input 18999493 -0.61 -0.00
Channel ¥ + Input 19999.47 -2.07 -0.01
Channel Y - Input -20000.82 0.10 -0.00
Channel Z + Input 198995,00 -0.63 -0.00
Channel 2 + Input 19998.680 -2.58 -0.01
Channel Z = Input -20001.96 -0.74 0.00
Low Range Reading (uV) Difference (uV) Errar (%)
Channel X + Input 2001.10 -0.11 -0.01
Channel X + Input 201.26 -0.29 -0.14
Channel X = Input -188.71 -0.32 0.16
Channel Y + Input 200116 -0.00 -0.00
Channel ¥ + Input 201.19 -0.33 017
Channel ¥ = Input -188.21 -0.81 0.41
Channel Z + Input 2001.08 0.00 0.00
Channel Z + Input 200.18 -1.28 -0.64
Channel Z - Input -199.68 -1.29 0.65
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (pV) Average Reading (uV)
Channel X 200 -15.85 -17.49
- 200 17.99 16.50
Channel Y 200 -9.28 -9.27
-200 B.70 7.82
Channel Z 200 -5.99 -5.89
=200 3.29 3.53
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (uV)
Channel X 200 - 4.71 -2.87
Channel ¥ 200 8.35 - 6.11
Channel Z 200 8.05 6.94 -

Certificate No: DAE4-1386_Jul17?
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16015 15075
Channel Y 168073 17180
Channel Z 16085 13429

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

Inpul 10MQ
Average (uV) min. Offset (uV) | max. Offset (uV) o I?::;at ool
Channel X -0.11 -0.95 0.83 0.36
Channel ¥ 0.05 -0.80 0.87 0.39
Channel Z -0.02 -1.22 0.80 0.41
6. Input Offset Current
Norninal Input eireuitry offset current on all channels: <25A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)

Channel X 200 200
Channel Y 200 200
Channel Z 200 200

Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vec) -7.6

Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 +14
Supply (- Vec) =0.01 -8 9

Certificate No; DAE4-1386_Jull7

Page 5ol 5
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IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a delicate, high precision Instrument and requires careful treatment by the user, There are no
serviceable paris Inside the DAE. Special attention shall be given to the fallowing points:

Battery Exchange: The batlery cover of the DAE4 unit is closed using a screw, over lightening the screw may
cause the threads inside the DAE to wear out,

Shipping of the DAE: Before shipping the DAE to SPEAG for calibration, remove lhe balteries and pack the
DAE in an antistatic bag, This antistatic bag shall then be packed into a larger box or container which protects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
Inside.

E-Stop Failures Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead to damage of these magnets. Touch and collision errors are often caused by dust and dirt
accumulated in the Estop. To prevent Estop failure, the customer shall always mount the probe to the DAE
carefully and keep the DAE unit in 2 non-dusty environment If nol used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to chame for any repair especially if rough unprofessional handling caused the defect.

DASY Configuration Files: Since the exact values of the DAE input resistances, as measuraed during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given
in the corresponding configuration file

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly. Cleaning and readjusting of the E-
stop assembly is allowad by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Partner Engineering

TN_BRO40315AD DAE4 doc 11.12:2008




Calibration Laboratory of

: Schwelzerischer Kalibrierdionst
Schmid & Partner Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura

Zeluighnusstrasse 43, B004 Zurich, Switzorland Swies Calibration Service

Aocradited by tho Swiss Acomditation Sordce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories o the EA
Muitilateral Agreement for the recognition of calibration cerfificates

cient  Sporton (Auden) Certificate No: DAE4-1279_Jani18
CALIBRATION CERTIFICATE |
Object DAE4 - SD 000 DO4 BM - SN: 1279

Calibration procedure(s) QA CAL-06.v29

Calibration procedure for the data acquisition electronics (DAE)

Calibration daie: January 03, 2018

This calibratlon cenllicate documentn the traceability to aational standards, which realiza the physlcal unils ol measuraments (S1),
The maasuremants and the unceralntias with confidence probabillity are given on tha lollowing pages and are pan of the cenlficats,

All calibrations have baen conducted in the cloged Isboratory faciity: environment temperature (22 + 3)°C and humidily < 707,

Calibration Equipment used (MATE erilldal for calibrathon)

Frimary Standamis (o E" Cal Data (Cerlificate No.) Schaduled Calibration

Kailhlay Multimetar Type 2001 SN 0810278 37-Aug-17 (No:21092) Aug-18

Secondary Standards 0 # Chiock Dato (in housa) Sehadulad Check

Aute AE Calibration Lni SE UWES 053 AA 1001 G5-Jan17 (in houss chaok) In house check: Jan-18

Callbralor Box V2.1 SE LIMS 006 AA 1002 05-Jan-17 (In housa check) In housa chack: Jan-18
MName Funetion Signature

Callbrafed tby: Adrian Gahiing Laboralary Technicizn %

Approved by Svan Kithn Deputy Managst [ U q{i L L,{HLFL L 1(..

Issued: January 3, 2018

This calibmtion corifioale shal nol be reproduced axcepl In full withaut wriltlen approval of 1he labomton.

Certificate Mo: DAE4-1278_Jan18 Fage 1 of &
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Zeughausstrasse 43, 8004 Zurich, Switzerland % 41???3_&3' S  swiss Calibration Service
Accredied by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 0108

The Swiss Acoreditation Service is one of the signatories to the EA
Multitateral Agrecment for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

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

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

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

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

e DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

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

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

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

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

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

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

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

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

Carificate No: DAE4-1279_Jan18 Page 2 of &



DC Voltage Measurement
AD - Converter Resolution nominal

High Harge: 1LSA = B.ApV , ull range = -100...+300 mV
Low Range: 1LSB= 61nV, lull range = -1.......+3mVY
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y F 4
High Range A03.936 £ 0.02% (k=2) | 403.884 + 0.02% (k=2) | 404.618 + 0.02% (k=2)
Low Range 3.94927 + 1.50% (k=2) | 3.99010 + 1.50% (k=2) | 3.98938 + 1.50% (k=2)
Connector Angle

Connector Angle to be used in DASY system

354.0°x1°

Cediticale No: DAE4-1273_Jan18
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Appendix (Additional assessments outside the scope of SCS0108)

1. DC Voltage Linearity

High Range Reading (uV) Difference (uV) Error (%:)
Channel X + Input 1999497 .64 1,92 0.00
Channel X + Input 20004.80 2.86 0.0
Channel X = Input -19998.76 217 -0.01
Channel ¥ + Input 199997 83 1.78 0.00
Channel ¥ + Input 20003.36 1.57 0.01
Channel Y - Input -20002.72 -1.82 0.
Channel Z + Input 199997.69 1.86 0.00
Channel Z + Input 20001.39 0.37 0.00
Channel Z - Input -20003.42 -2.35 0.01
Low Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 2002 .48 0.98 0.05
Channel X + Input 202 86 1.08 0.53
Channel X - Input -198.92 117 -0.549
Channel ¥ + Input 2001.79 0.30 0.0z
Channel ¥ + lnput 201,86 .08 0.04
Channel ¥ - Input -188.07 0.01 -0.00
Chanriel Z + Input 200213 0.68 D.03
Channel 2 + Input 20117 -0.61 0,30
Channel Z - Input -199.15 -0.81 0.41
2. Common mode sensitivity
DASY measuremen! parameters: Auto Zero Tlme: 3 sec; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
Channel X 200 -18.51 -18.43
- 200 22.51 2073
Channel ¥ 200 5489 517
- 200 -5.84 6,18
Channel 2 200 657 f.24
- 200 -7.96 -7.8B6
3. Channel separation
DASY measursmenl paramaters: Aute Zero Time: 3 sec, Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y (uV) Channei Z (uV)
Channel X 200 J.48 -3.85
Channel Y 200 B.57 4.986
Channel 2 200 10.34 5,490

Carfificate No; DAE4-1279_lan18
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4, AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time! 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 159649 16140
Channel Y 150862 17206
Channel 2 15703 15717
5. Input Offset Measurement
DASY measuremen! parametars: Aulo Zero Time:! 3 sac; Measuring time: 3 sec
Input 10ME2
Average (uV) min, Cifset (WV) | max. Offset (uV) Stel, ?::;"Hu"
Channel X 1.05 .22 2.54 0:42
Channal Y -0.28 -1.59 0,65 0.42
Channel Z -0.08 -1.35 2.05 0.57
6. Input Offset Current
Momiinal Input clreuitry offsel current on all channels; <25fA
7. Input Resistance (Typisal values for informatian)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.8
Supply (- Vee) 7.6
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vce) +0.01 +6 +14
Supply (- Vec) —0.01 B -g

Cerificate No: DAE4-1278_Jan18
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