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Laboratory Introduction

SIEMIC, headquartered in the heart of Silicon Valley, with superior facilities in US and Asia, is one of
the leading independent testing and certification facilities providing customers with one-stop shop

services for Compliance Testing and Global Certifications.

In addition to testing and certification, SIEMIC provides initial design reviews and compliance

management through out a project. Our extensive experience with China, Asia Pacific, North America,
European, and international compliance requirements, assures the fastest, most cost effective way to

attain regulatory compliance for the global markets.

Accreditations for Conformity Assessment

Country/Region Scope
USA EMC, RF/Wireless, SAR, Telecom
Canada EMC, RF/Wireless, SAR, Telecom
Taiwan EMC, RF, Telecom, SAR, Safety
Hong Kong RF/Wireless, SAR, Telecom
Australia EMC, RF, Telecom, SAR, Safety
Korea EMI, EMS, RF, SAR, Telecom, Safety
Japan EMI, RF/Wireless, SAR, Telecom
Singapore EMC, RF, SAR, Telecom
Europe EMC, RF, SAR, Telecom, Safety
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TECHNICAL DETAILS
Purpose Compliance testing of Q330 with HAC RF Emission.

Applicant / Client

Haier Telecom (Qingdao) Co., Ltd.
Nol. Haier Road , Hi-tech Zone, Qingdao, Shangdong

Manufacturer

Haier Telecom CO., Ltd
Haier Information Park,Laoshan District, Qingdao China

Laboratory performing the tests

SIEMIC(Shenzhen-China) Laboratories

Zone A, Floor 1, Building 2, Wan Ye Long Technology Park, South Side of
Zhoushi Road, Bao'an District, Shenzhen 518108, Guangdong, P.R.C.
Tel: +(86) 0755-26014629

VIP Line: 950-4038-0435

Test report reference number

15070097-HAC-RF

Date EUT received

Feb-10-2015

Standard applied

CFR 20.19, ANSI C63.19:2011

Dates of test (from - to)

Feb 15t 2015

No of Units: 1
Equipment Category: PCE
Trade Name: Haier
Model Name: Q330

RF Operating Frequency (ies)

GSMB850 : 824.2 ~ 848.8 MHz(TX) / 869.2 ~ 893.8 MHz(RX)
GSM1900 : 1850.2 ~ 1909.8 MHz(TX) / 1930.2 ~ 1989.8 MHz(RX)

RF Conducted Power (dBm)

GSM850 : 31.84dBm
GSM1900 : 29.38dBm

Antenna Type: PIFA Antenna
Modulation: GSM : GMSK
FCC ID: SG20150128Q330
IC ID: NA
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2 Test Condition
Ambient Condition

Temperature: 20~24C

Humidity

Testing Configuration

1 <60%

The device was controlled by using a base station emulator R&S CMU200. Communication between the device and the
emulator was established by air link. The power control bits was set to “Always Up” from the emulator to radiate

maximum output power during all testing

Measurements were performed on the low, middle and high channels of all bands

List of Air Interfaces/Bands & Operating Modes

Air- Band Type C63.19/ Simultaneous Concurred Reduced | Voice Over
Interface (MHz) Tested Transmissions single power Digital
Note: Not to be transmission | 20.19(c)(1) Transport
test (Data)
850 . NA NA
Yes, with
GSM 1900 Vo YES Bluetooth NA NA NA

Note: 1. the device only support GSM voice call mode, and performed at GSM850/1900 for HAC RF-emission

testing.




S

S I E M [ C Test Report 15070097-HAC-RF

GLOBA. TESTING & CERTIFICATIONS Page 7 of 49

3 Modulation Interference Factor (MIF)

The HAC Standard ANSI C63.19-2011 defines a new scaling using the Modulation Interference Factor (MIF)
which replaces the need for the Articulation Weighting Factor (AWF) during the evaluation and is applicable
to any modulation scheme.

The Modulation Interference factor (MIF, in dB) is added to the measured average E-field (in dBV/m) and
converts it to the RF Audio Interference level (in dBV/m). This level considers the audible amplitude
modulation components in the RF E-field. CW fields without amplitude modulation are assumed to not
interfere with the hearing aid electronics. Modulations without time slots and low fluctuations at low
frequencies have low MIF values, TDMA modulations with narrow transmission and repetition rates of few
100 Hz have high MIF values and give similar classifications as ANSI C63-2007.

Definitions

COMHAC E-field probes have a bandwidth <10 kHz and can therefore not evaluate the RF envelope in the
full audio band. OPENHAC is therefore using the “indirect” measurement method according to ANSI C63.19-
2011 which is the primary method. These near field probes read the averaged E-field measurement.
Especially for the new high peak-to-average (PAR) signal types, the probes shall be linearized by probe
modulation response (PMR) calibration in order to not overestimate the field reading.

The evaluation method or the MIF is defined in ANSI C63.19-2011 section D.7. An RMS demodulated RF
signal is fed to a spectral filter (similar to an A weighting filter) and forwarded to a temporal filter acting as a
quasi-peak detector. The averaged output of these filtering is called to a 1 kHz 80% AM signal as reference.
MIF measurement requires additional instrumentation and is not well suited for evaluation by the end user
with reasonable uncertainty

It may alternatively be determined through analysis and simulation, because it is constraint and characteristic
for a communication signal. OPENHAC uses well defined signals for PMR calibration. The MIF of these
signals has been determined by simulation and is automatically applied.

MIF values were not tested by a probe or as specified in the standards but are based on analysis provided by
SATIMO for all the air interfaces (GSM, WCDMA, CDMA). For GSM, CDMA2000, WCDMA, the data
included in this report are for the worst case operating modes.

Communication System Name
UMTS-FDD(WCDMA) -20.49
GSM-FDD(TDMA,GMSK) 3.60
CDMA2000(1XRTT, RC3) -19.77

A PMR calibrated probe is linearized for the selected waveform over the full dynamic range within the
uncertainty specified in its calibration certificate. COMHAC E-field probes have a bandwidth <10 kHz and can
therefore not evaluate the RF envelope in the full audio band. OPENHAC is therefore using the \indirect"
measurement method according to ANSI C63.19-2011 which is the primary method. These near field probes
read the averaged E-field measurement. Especially for the new high peak-to-average (PAR) signal types, the
probes shall be linearized by PMR calibration in order to not overestimate the field reading.

The evaluation method for the MIF is defined in ANSI C63.19-2011 section D.7. An RMS demodulated RF
signal is fed to a spectral filter (similar to an A weighting filter) and forwarded to a temporal filter acting as a
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quasi-peak detector. The averaged output of these filtering is scaled to a 1 kHz 80% AM signal as reference.
MIF measurement requires additional instrumentation and is not well suited for evaluation by the end user
with reasonable uncertainty. It may alternatively be determined through analysis and simulation, because it is
constant and characteristic for a communication signal. OPENHAC uses well-defined signals for PMR
calibration. The MIF of these signals has been determined by simulation and is automatically applied. The
MIF measurement uncertainty is estimated as follows, for modulation frequencies from slotted waveforms

with fundamental frequency and at least 2 harmonics within 10
kHz:

0.2 dB for MIF -7 to +5 dB,
0.5 dB for MIF -13 to +11 dB
1 dB for MIF > -20 dB
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4 HAC RF Emission Test Procedure

The following are step-by-step test procedures.

Confirm proper operation of the field probe, probe measurement system and other instrumentation and
the positioning system.

Position the WD in its intended test position.

Set the WD to transmit a fixed and repeatable combination of signal power and modulation characteristic
that is representative of the worst case (highest interference potential) encountered in normal use.
Transiently occurring start-up, changeover, or termination conditions, or other operations likely to occur
less than 1% of the time during normal operation, may be excluded from consideration.

The center sub-grid shall be centered on the T-Coil mode perpendicular measurement point or the
acoustic output, as appropriate. Locate the field probe at the initial test position in the 50 mm by 50 mm
grid, which is contained in the measurement plane, refer to illustrated in Figure 1. If the field alignment
method is used, align the probe for maximum field reception.

Record the reading at the output of the measurement system

Scan the entire 50 mm by 50 mm region in equally spaced increments and record the reading at each
measurement point. The distance between measurement points shall be sufficient to assure the
identification of the maximum reading.

Identify the five contiguous sub-grids around the center sub-grid whose maximum reading is the lowest of
all available choices. This eliminates the three sub-grids with the maximum readings. Thus, the six areas
to be used to determine the WD’s highest emissions are identified.

Identify the maximum reading within the non-excluded sub-grids identified in step g).

Convert the highest field reading within identified in step h) to RF audio interference level, in V/m, by
taking the square root of the reading and then dividing it by the measurement system transfer function,
established in 5.5.1.1 Convert this result to dB(V/m) by taking the base-10 logarithm and multiplying by
20. Indirect measurement method Replacing step i), the RF audio interference level in dB (V/m) is
obtained by adding the MIF (in dB) to the maximum steady-state rms field-strength reading, in dB(V/m),
from step h). Use this result to determine the category rating

Compare this RF audio interference level with the categories in Clause 8 (ANSI C63.19-2011) and record
the resulting WD category rating

For the T-Coil mode M-rating assessment, determine whether the chosen perpendicular measurement
point is contained in an included sub-grid of the first scan. If so, then a second scan is not necessary.
The first scan and resultant category rating may be used for the T-Coil mode M rating. Otherwise, repeat
step a) through step i), with the grid shifted so that it is centered on the perpendicular measurement point.
Record the WD category rating.
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Test flowchart Per ANSI-PC63.19 2011

Test Instructions

Confirm proper operation of probes and
instrumentation

Position WD

Configure WD Tx Operation

(Step a-c)

¥
Initialize field probe and take first reading
Scan Area

(Step d-f)

L4
Identify exclusion area
Rescan or reanalyze open area
todetermine maximurm
Indirect method: Add the MIF to the
maximum steady state rms field strength
and record RF Audio Interference Level,
in dB (Mim)

(Step g-i)

v

Identify & Record Category

(Step )
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5 System Validation

The test setup was validated when first configured and verified periodically thereafter to ensure proper
function. The procedure provided in this section is a validation procedure using dipole antennas for which the
field levels were computed by numeric modeling.

Procedure
Place a dipole antenna meeting the requirements given in ANSI C63.19-2011 in the normally occupied by the
WD. The dipole antenna serves as a known source for an electrical and magnetic output. Position the E-field
probe so that the following occurs:

- The probes and their cables are parallel to the coaxial feed of the dipole antenna

- The probe cables and the coaxial feed of the dipole antenna approach the measurement area from

opposite directions
- The center point of the probe element(s) is 15 mm from the closest surface of the dipole elements.

Scan the length of the dipole with the E-field probe and record the two maximum values found near the dipole

ends. Average the two readings and compare the reading to the expected value in the calibration certificate
or the expected value in this standard.

Setup diagram

Electric Field
Probe JL 15 mm to top edge

of dipole element

Dipole
RF
Signal Generator RE —
= Amplifier ! Dual Dllractmnal Cluuplar  —
RF
Power Meter
5. 1 System Validation Results
Calibration | F(MHz) | Input Power Measured E-field Target Deviationl)
Dipole (mW) Results Values (V/m) (%)
(From SATIMO)
DHA31 835 100 226.10 220.4 2.58
DHA32 1880 100 163.17 153.4 6.36

Note: performed at 02/15/2015
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6 List of Equipments

Name of Equipment Manufacturer Type/Model | Serial Number | Calibration Due
PC Compaq PV 3.06GHz 375052-AA1 N/A
Signal Generator Agilent 8665B-008 3744A01304 5/17/2015
MultiMeter Keithley MiltiMeter 2000 1259033 08/13/2015
S-Parameter Network Analyzer Agilent 8753ES US38161019 08/04/2015
Wireless Communication Test Set R&S CMU200 111078 07/22/2015
Power Meter HP 4378 3038A03648 5/17/2015
COMOHAC E-Field Probe SATIMO EPH25 SN 3110 EPH22 06/13/2015
Communication Antenna SATIMO ANTA30 SN 31/10 ANTA30 N/A
Mobile Phone POSITIONING DEVICE SATIMO MSH63 SN 31/10 MSH63 N/A
COMOHAC
COMOHAC Broadband Dipole 800-950 SATIMO Broadband Dipole SN 24/11 DHA31 10/28/2015
800-950MHz
COMOHAC Broadband Dipole 1700 COMOHAC
roaapan ole -
2000 v SATIMO Broadband Dipole SN 24/11 DHB32 10/28/2015
1700-2000MHz
PHANTOM TABLE SATIMO N/A N/A N/A
6 AXIS ROBOT KUKA KR5 949319 N/A
High Power Solid State Amplifier Instruments for )
(80MHz~1000MH?2) Industry CMC150 M631-0408 N/A
Medium Power Solid State Amplifier Instruments for
(0.8-4.2GHz) Industry S41-25 M629-0408 N/A
Wave Tube Amplifier 4-8 GHz at 20Watt Hughes Aircraft 1277H02F000 81 N/A

Company
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7 HAC RF Emissions Measurement Uncertainty

Uncertainty Tolerances Probability | Divisor Ci Uncertainty Uncertainty
Component (dB) /% Distribution (dB) (%)
Measurement System Related
RF Reflections 0.1dB R V3 1 0.06 N/A
Field Probe Conv. Factor 0.2dB R \3 1 0.12 N/A
Field Probe Anisotropy 0.25 dB R \3 1 0.14 N/A
Positioning Accuracy 0.1dB R \3 1 0.06 N/A
Probe Cable Placement 0.1dB R \3 1 0.06 N/A
System Repeatability 0.2dB R \3 1 0.12 N/A
EUT Repeatability 0.1dB N 1 1 0.10 N/A
Combined Standard Uncertainty : 0.26 6.36 %
Test Sample Related
Device Positioning Vertical 4.7 % R \3 0.67 N/A 18%
Device Positioning Lateral 1.0% R \3 1 N/A 0.6 %
Device Holder 24 % R \3 1 N/A 14%
Test Sample 0.3% N 1 1 N/A 0.3%
Power drift 5% R 3 1 N/A 17%
PMF Calculation
Power Sensor 1.0% R \3 N/A 0.6 %
Dual Directional Coupler 10% R \3 1 N/A 0.6 %
Phantom and setup Related
Phantom Thickness 2.4 % R \3 0.67 N/A 0.9%
Combined Standard Uncertainty 7.1%
Expanded Standard Uncertainty (K=2, confidence 95%) 14.2 %
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8 RF Conducted Power & Tested Mode Justification

RF Conducted power

Mobile phone radio output power measurement

1. The transmitter output port was connected to base station emulator.
2. Establish communication link between emulator and EUT and set EUT to operate at maximum output

power all the time.

3. Select lowest, middle, and highest channels for each band and different possible test mode.
4. Measure the conducted peak burst power and conducted average burst power from EUT antenna port.

Burst Average Power (dBm);

Band GSM850 GSM1900
Channel 128 190 251 512 661 810
Frequency (MHz) 824.2 836.6 848.8 1850.2 1880 1909.8
GSM Voice
(1 uplink),GMSK 33.85 33.89 33.84 30.99 30.96 30.68

Analysis of RF Air Interface Technologies

1. An RF air interface technology of a device is exempt from testing when its average antenna input power

plus its MIF is <17dBm for all of its operating modes.

2. The worst case MIF plus the worst case average antenna input power for all modes are investigated
below to determine the testing requirements for this device.
3. Individual Mode Evaluations

Air Interface Maximum Average | Worst-case MIF Total C63.19 Testing
power (dB) (Power+MIF, dB) required
GSMB%;{?“ Frame 24.86 36 28.46 Yes
PCS1900- 1/8th 21.96 36 25.56 Yes
Frame rate
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9 HAC RF Emissions Test Results

8.1 RF Emissions Measurement Criteria

WD RF audio interference level caterories in logarithmic units

E-field emissions

Emission Categories
< 960 MHz > 960 MHz
Category M1 50 to 55 dB (V/m) 40 to 45 dB (V/m)
Category M2 45 to 50 dB (V/m) 35to 40 dB (V/m)
Category M3 40 to 45 dB (V/m) 30 to 35 dB (V/m)
Category M4 <40 dB (V/m) <30 dB (V/Im)
8.2 HAC (RF Emissions) Test Results
. Peak E Field .
Operating Mode Channel No. Frequency(MHz) (dBvim) M rating Plots
128 824.2 12.55 M4 1#
GSM850 192 836.6 12.65 M4 2#
251 848.8 13.83 M4 3#
512 1850.2 18.64 M4 44
GSM1900 661 1880.0 18.46 M4 5#
810 1909.8 19.57 M4 6#
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Annex A _System Check
CW850
Band

Frequency (MHz): 835.000000

Input power: 20dBm

Surface HAC

Zoom Ind0ut

Fiadiated Intensity

1 2|3
4 |5 | B
T8 |9

SAVE Cancel X max1 [mm]{g Y max1 (mm) [0

Probe Modulation Factor = 1.000000
Maximum value of total field = 226.10 V/m
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CW1900
Band
Freguency (MHz): 1880.00000
Input power: 20dBm

Surface HAC

Zaoom I Dut

Fiadiated Intersity

E [v/m

162.77
156.04
148,31
140,57
132.84
12511
117.38
109.65
101.92
3419
8E.46
78.73
70.93

63.26
55.53
47.80

1 2 3
4 5 B
7 8 9

SAWE Cancel X max1 [mm]|Q ¥ maxl [mm] |25

Probe Modulation Factor = 1.000000
Maximum value of total field = 163.17 V/m
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Annex B Test plots

Test Item 1

GSM850

low Band

Frequency (MHz): 824.200000

E-Field

Grid size (mm x mm): 50.0, 50.0

Step (mm): 5

Surface HAC

ealization Graphical Iat

Tomaxl (madfE

T omaxl Gaad {0

Maximum value of total field = 12.55 dB (V/m)

Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
10. 39 12. 27 14. 20
Grid 4: Grid b5: Grid 6:
11. 08 12. 55 14. 61
Grid 7: Grid 8: Grid 9:
10. 36 11.13 12. 76
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Test Item 2
GSM850
Middle Band
Frequency (MHz): 836.600000
E-Field
Grid size (mm x mm): 50.0, 50.0
Step (mm): 5
Surface HAC

x
i Camenl Tmaxl (madf5 T omaxl Gaa) i

Maximum value of total

field =12.65 dB (V/m)

Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
10. 56 12. 39 14. 49
Grid 4: Grid 5: Grid 6:
10. 98 12. 65 14. 91
Grid 7: Grid 8: Grid 9:
10. 22 11. 24 12.74
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Test Item 3

GSM850

High Band

Frequency (MHz): 848.800000

E-Field

Grid size (mm x mm): 50.0, 50.0

Step (mm): 5

Surface HAC

alisatice Graphical

Maximum value of total field = 13.83 dB (V/m)
Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
11.49 13. 35 15. 23
Grid 4: Grid 5: Grid 6:
12. 10 13.83 15. 62
Grid 7: Grid 8: Grid 9:
11. 07 12. 36 13. 77
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Test Item 4

PCS1900

Low Band

Frequency (MHz): 1850.

2000

E-Field

Grid size (mm x mm): 50.0, 50.0

Step (mm): 5

] =

Surface HAC

alisatice Graphical

Tomaxl (malf5

T omaxl Gaad i

Maximum value of total field = 18.64 dB (V/m)

Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
15. 22 18. 45 21. 44
Grid 4: Grid 5: Grid 6:
17. 30 18. 64 22. 27
Grid 7: Grid 8: Grid 9:
17. 52 17. 22 21. 41
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Test Item 5
PCS1900
Middle Band
Frequency (MHz): 1880.0000
E-Field
Grid size (mm x mm): 50.0, 50.0
Step (mm): 5
Surface HAC

Maximum value of total field = 18.46 dB (V/m)

Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
14. 63 18. 32 20. 99
Grid 4: Grid 5: Grid 6:
17. 11 18. 46 22. 07
Grid 7: Grid 8: Grid 9:
17.19 17.59 21. 56
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Test Item 6
PCS1900
Middle Band
Frequency (MHz): 1909.8000
E-Field
Grid size (mm x mm): 50.0, 50.0
Step (mm): 5
Surface HAC

Maximum value of total field = 19.57 dB (V/m)

Hearing Aid Near-Field Category: M4

EindB (V/m)
Grid 1: Grid 2: Grid 3:
16. 05 19. 28 21. 63
Grid 4: Grid 5: Grid 6:
18. 44 19. 57 22.72
Grid 7: Grid 8: Grid 9:
18. 88 18. 77 22.35
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SATIMO

i TREFTAINT FREN LDy

COMOHAC E-Field Probe Calibration Report

Ref: ACR.170.10.12SATUA

SIEMIC TESTING AND CERTIFICATION
SERVICES
2206 RINGWOOD AVE.
SAN JOSE, CA 95131, USA
SATIMO COMOHAC E-FIELD PROBE
SERIAL NO.: SN 31/10 EPH22

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

ACCREDITED
Cabibrwnnn CTAT #1544 17

06/13/2014

Summary:

Thiz doomnent presenrs the methed and remalts from ap accredived COMOHAC E-Field Probe
calibranon performed in SATIMO USA wsing the CAITBATR test bench for use with a SATIMO
COMOHAC system only. All calibraton resnlts are maceabls o panonal memology medmnons.
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Prepared by . Jérdme LUC Product Manager 6/18/2014 ';f""s
o

Checked by . Jérdme LUC Product Manager 6/18/2014 ;}j"‘r

]
e

Approved by Eim RUTEOWSEI Quality Manager 6/18/2014

Customer Name
SIEMIC Testing

Dhstribution : and Certification
Services
Issue Date Modifications
A /182014 Ininal releasze
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1 DEVICE UNDER TEST

Device Under Test
COMOHAC EFIELD PROBE

Device Tvpe

Mamufacturer Satimo

Model SCE

Senal Number SN 31/10 EFH22
Product Condition (new / used) uzed

Freguency Fange of Probe 0.7GHz-2.5GH=

Eesistance of Three Dipoles at Connector | Dipole 1: R1=1.293 MO
Dipole 2: R2=1.130 MQ

Dipole 3: E3=1.320 ML)

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERALINFORMATION

Satimo’s COMOHAC E field Probes are bult in accordance to the AWSI C63.19 and IEEE 1309
standards.

Figure 1 — Sarimo COMOHAC E fisld Frobe

Probe [ength 330 mm
Length of Individual Dipeles 3.3 mm
Meaximum external diameter & mm
Probe Tip External Diameter 3 mm
Distance between dipoles / probe extremity | 3 mm

3  MEASUREMENT METHOD
All methods used to perform the measurements and calibrations comply with the ANSI C63.19 and
[EEE 1309 standards.

31 LIMNEARITY

The linearity was deternuned using a standard dipole with the probe positioned 10 mm above the
dipole. The mput power of the dipole was adjusted from -15 to 36 dBm using a 1dB step (to cover
the range 2V/m to 1000A/m).

32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using the wavegnide method outlmed in
the fore mentioned standards.

Page: /8
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33 ISOTEOPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole.
The probe was rotated along its main axis from 0 - 360 degrees in 15 degree steps.

34 PROBE MODUIATION RESPONSE
The modulation facter was determuned by illununating the probe with a reference wave from a
standard dipole 10 mm sway, applving first a CW signal and then a modulated signal (both at same

power level). The modulation factor 15 the rafio, i hnear units, of the W to modulated s1gnal
reading.

4 MEASUREMENT UNCERTAINTY

The guidelmes outlined in the IEEE 1528 and IEC/CEI 62209 standards were followed to generate
the measurement uncertamty associated with an E-field probe cahbration uwsing the wavegnide
techmigue. All uncertainties listed below represemt an expanded wncerfainty expressed at
approximately the 95% confidence level using a coverage factor of k=2, traceable to the
Intermationally Accepted Guides to Measurement Uncertamty.

Uncertainty analysis of the probe calibration in wavezuide
. TUncertainty Probability .. . Standard
ERROR SOURCES value (%4} Distribution Divizor o Uncertainty (%%)
Incident or forward power 3.00% Pectangular -.,."_’T | 1 1.732%
=
Feflected power 3007 Pecmngular +/3 | 1 1.732%
Field homogzensity 3007 Fecmangular \."_?T | 1 1.732%
Field probe positoning 5.00%% Pectangular \."_’T | 1 2387
Field probe linearity 3007 Fecmngular V3 1 1.732%
Combined standard uncertainty 4.508%
Expanded uncertainty o150

05 %5 confidence level k=2 i

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters

Lab Temperaturs 2 °C
Lab Hunudity 43 %
Page: 5/8
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3.1 SENSITIVITY IN AIR

Normx dipole 1 Nermy dipole 2 Nommz dipole 3
(VV m)) (VA ) VIV )
4.91 3.70 4.97
DCP dipele 1 | DCP dipole 2 | DCP dipole 3
{m\) {mV) (V)

129 126 113

Calibration curves

E-Fiald [¥4n)

)

s
o

LKL

e

P
Aq-

Village [W)

FPage: o8

000 005 00 015 020 025 030 035 040 045 050 058

Diipol= 1
[ipol= 2
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32 LINEABITY

Linearity
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G LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / . . Current Next Calibration
quipime Identification No.| __..-""
Deseription Model Calibration Date Date
" — P -
HAC positioning ruler Satime TABH12 SN 42pg [/2i0ated. Mo ca sligated. o ca
equired. Fequired.
- Jalidated. Mo ca falidated. Mo cal
COMOHAL Test Bench “ersion 2 MA equired. equired.
Network Analyzer | Fhede & Sehwarz SN10D132 02/2013 D2/2015
Refarence Probe Satima EEH2E SN D2/ 1 Characterized prior to | Characterized prior to
fest Mo cal required. Jtest. Mo cal reguired.
Refarence Probe Satima HPH3E SN31/10 Characterized prior to|Characierized priar fo
fest. Mo cal required. [test. Mo cal reguired.
Multimeter Heithley 2000 1158655 11/2013 11/2016
Signal Generator Agilent E4438C MY42070581 1272013 12/2016
. Characterized prior to|Characierized prior o
. . : g
Amplifier Asthercomm =h048 fest. Mo cal required. [test. Mo cal reguired.
Power Meter HP E44124A J535251488 11/2013 11/2016
Powser Sensor HF ECP-EZ28A US37181480 112013 11/2018
S - saz Characterized prior o |Characterized prior fo
" v B, 2198-3 g
Directional Couple: larda 4218-20 01328 test. Mo cal required. |test. Mo cal reguired.
- — P -
Waveguide Mega Industries | 088Y7-158-13-712 [ 2idated. Noca alidated. Mo ca
equired. Fequired.
I B, ] Fali i
Waveguide Transtion | Mega Industries | 088v7-158-13-7p1 [ 2163ted. Maoca alidated. Mo ca
equired. Fequired.

—_— . 4B - Jalidated. Mo ca falidated. Mo ca
Waveguide Termination| Mega Indusfriss 0E8Y7-158-13-701 equired. equired.
Temperature [ Humidityl 400 Company 11-861-0 312014 32018

Senszor
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| INTRODLUCTION

This document contains a summary of the requiremnents set forth by the ANS] C63.19 standard for
reference dipoles used for HAC measuremend sysiem validatsons and the meassrements that wens
perfommed to verify that the product complies with the fore mentioned standards.

2 DEVICE UNDER TEST
Dewice Under Test
Dievice Type COMOHAC B30 Mz BEEFERENCE DIMILE
Ylapufcturer Satimae
Yodel SIBERS
Rermal Mumber SN 241 DHAS
Prosduct Candition {mew J used) Llsed

A yearly calibmition interval i recommended.

3 FRODUCT DESCRIPTIOMN

1l GEMERAL INFORMATIOMN

Satmma’s COMOHAC Validation Dpodes are built in accordance to the ANS] C63.19 standard. The
prodct is dessgned fior use with the COMOHAC system omly.

" Figure | = Satimo COMOHAC Falidation Dipole

4 MEASUREMENT METHOD

The ANS] C63.19 standard owtlines the requirements for reference dipoles to be used for system
validation measurements. The following measurements were performed to venfy that the product
complies with the fore mentioned standarnd.

Fage: 4§

T o il liaadl it Nr vy ad!, i 04 Vo b8 Sy, withicid Bt vl Gpprcdan o SA VYR
Thy imformmrnsd oombimvd havwia i @i By s oy for Se parpoiy e el o i datew Dl cmd 8 e e
B rehaiind b nihn oF ROt wilload WTEAA gEEAcTal of T4 TTREER




ﬁ

S [ E M | C Test Report 15070097-HAC-RF

GLOBA. TESTING & CERTIFICATIONS Page 38 of 49

FOLUR CHONCE FOR-TCR AR O M CAR B0

HALC REFERESNCE DIFCHLE CALIBRATINN REPORT Rt ACR. LG I3RATLLA
SAaATI0

4.1 EETUEMN L{SS REGUIEFMENTS

The dipole wed for HAC system validation mensurements and checks must have a return loss of <10
dB ar better. The return loss measurement shall be performed in free space.

42 REFERENCE DIPOLE CALIBEATION

The [EEE AMNSI C63=19 standard siates that the dipole used for validation measurements and checks
musi be scanned with the E and H fiedd probe, with the dipole 10 mm below the probe. The E and H
field strength plots are compared to the simulatson results obmined by SATIMCL

5 MEASUREMENT UNCERTAINTY

All uncertaimties listed bebow represent an expanded uncentainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Intemationally Accepted Guides
Measurement Uincertainty.

5.1 RETURM LOSS
The following uncerainises apply to the return loss measwrement:

Frequency hansd Expamded Uneertainty on (ain
A= G 0.l 4B

5.2 VALIDATEON MEASUREMENT

The gusdeline outlined im the [EEE ARSI C6319 sandard was followed io generate the
measurement uncertainty for valkdation measurements.

Unevrtsists anshsis of the probe calibeation in wan cpuide
§ Ul i il sy Frabubility Lsscer Lainly Sl mmedda il

ERROR SOURCES value (%) | Distribution el 14 Uneerisisty (fa)
RF reflections i1 K J | s
Fiekd prohe oy, Fator 0.4 B J | o
Fiekd prob asisstropy 0% R Nl | e
Penilinming secuzacy 2 K 4 | o
Probe cable plaesienl il E "E | s
Syslem repeatsbility .2 B . | .12
ELT repestability 4 N I

Camilinn] slapdard meocrtainky 52
Expamdod mesosrlainly
95 % confidence hevel k = 2 L s
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i CALIBRATION MEASUREMENT RESULTS

t.l

EETURM LSS

10

j-ra

1)

Fregeency { M Hz)

Woorst Cose Return Loss (dE)

HBeguirement (dBj

BO0=950 MHx

=146

=10

6.2

VALIDATION MEASUREMENT

The IEEE ANSICAH3.1% standard states that the systemn validation measurements must be perfonmed

uming a reference dipole meeting the fore mentiomed retum loss requirements.

The system

validations measurement results are then compared to SATIMO s simulated resolts.

Seasswremeni Comsdition

Software Version COpenHAC W2
HALC positioning muler SN 4NN TARHLX
EaField probe SM D& EPHIR
H-Field probe SN 3110 HPH R
Distance between dipole and sensor center | 0l memn
Esfbeld scam sore XM= | Sl =2 (mm
Hefizld scan sore Xe=4 Omm" =2 {mm
Scan resolution dx=3mmidy=5mm
Frequency 815 MHzx
Inprut power 20 dBm
Lab Temperature 21°C
Lab Humidity 45%

Pape:- &%
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Measwrement Resuli

Measured Internnl Reguirement
E fiekd {Vimj 218.70 2.4
H feld (At 043 {445

E-Fithl messurement

= s

Pape: T8
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T LIST OF EQUIFMENT

Equiprment Surmmary Sheed

memt Manufacturer / Current Mext Calibrotion
:.:bi- Model iemfifieniion Ne. | Calibraiion Duie Date
HAL positoning ruker Satima TABH12 5N 42009 "r“"":'*'::i e o ww““:i wo o
alidaned. Mocal | palidaed. Mo cal
COMOHAS Test Bench|  Version 2 A, ey iy
Motk Analyzer "r"""";.,f""""z SN1D0132 022013 O2f20ME
Relerence Probe Satima EFHZE SN 0811 mm mwl ‘"I
Relerence Probe Satima HPH38 SN3110 ”ﬂ”‘::m mw""
Multimeser Keithiey 2000 11BBESE 112013 1112016
Signal Generaor | Agilere E4438C MY 42070581 122013 1212016
R BT ]
Fower Miier HP E44184, LIS382E1458 112013 112ME
Fower Sersor HP ECP-EZEA USITIE1460 112013 11216
Directional Coupler | Marda 4216-20 01386 mm mwl ‘"I
m Control Company 11618 a0 AME
Page: 8%
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1 INTRODUCTION

This document conlaing 3 summary of the regquirements set forth by the ANSI C63.19 standsrd for
reference dipoles used for HAC mesurement system valudstions and ihe measaremenis ithat were

perlormed o verify that the product complies with the fore mentioned stamdands.

1 DEVICE UNDER TEST
Dewvice Under Test
Device Type COMOHAC 1700=2000 MHz REFEREMCE DMMILE
Mamu facturer Lalimo
Madel SR M0
Senal Mumber SN 24010 DHB32
Produc Comdibion {new [ uzed) Lsed

A yearly cabhbration inberval B recommended.

3 FRODUCT DESCRIFTION

11 SENERAL INFORMATION

Sabma”s COMUOHAC YValcdation Dipeles are bualt in accordance o the ANS]CE3.19 standard, The
prosduct 18 designed lor use with the COMOHAC system only.

iﬁguru 1 — Satimo COMOHAC Falidmtion Dipoele

4 MEASUREMENT METHOD

The ANSI Ce3.1% standard outlines the requirements for reference dipoles o be used for system
validation measurements. The ollowing measurements were performed o venfy that the product
complies with the fore mentsned standard.
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4.1 BRETUEN LOSS BEEQUIREMENTS
The dapole used for HAC system valufaton measarements and checks must have a return loss of <10
B or better. The retum loss measurement shall be performed im0 Iree space.

42 REFERENCE DIPOLE CALIBRATION

The IEEE ANSI C63=19 standard states ibat the dipole used for validatbon measurements and checks
must ke scanned with the E and H Geld probe, with the dipole 10 mm below the probe. The E and H

field strength plots are compared b the simulabon results obixined by SATIMO.
5 MEASUREMENT UNCERTAINTY

All uncertambies hsted below represent an expanded uncertamty expressed al approxmmately the %5%
comfsdence level using a coverage factor of k=2, trmceable o the Intemationally Accepied CGuaides io
Measurement Uincerfamty.

5.1 EETUEM LOSS

The following uncertainiies apply o the rebum loss measunsment:

Fregquency band Expanded Unceriainty on {iain
d0=-H00 M Hz 0.1 dB

The gwdelme outlmed m the IEEE ANSI (6319 samdard was followed o generate the
mieasurement unceriamiy for valslaton measurements.

Unceriainty dnalyvsis of the prebe cilibration in wsvegalde
. . — Uneeriaingy Probabeilicy Ll emiginiy Stamdard

EHROE MRS vl %) s e il thask viner {(dB} Ut talimty (%)
RF reflectins: 1 E -.E | 0.0
Fleld prods: oon. Fachor .4 E -.E | 023
Fieldl prode anisoingy 0I5 E 1.,5 | ol4
Posithsfiig soosracy .z R -.l'"_i- | oz
Probe cable plicemem .1 E B | 10 0
Sysem repeatabilicy .z E w.E | oz
ELUT repeatbality 4 M 1 0.an

Combined wandard unceriaiary 052
Expanidod anceriainny
: 1.0 130
9% % conlelence kvel k=12
P> 3N
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SATIMIO

f

fi.1

CALIBEATIHIN MEASUREMENT RESULTS
EETUEMN LOSS

Frescusericy, BH
1A 1523 1530 174 THM JES 13530 13099 150 THS 18 1RS A0E

511,68

Freguency | MHz)

Warsl Case Return Loss (dB) Reguirement (dB)

1 sl 2H] DAz

«|3.72 =10

6.2
The IEEE

wsing a reference dipole mecting the fore mentionsd relurn loss  requaremenis.

YALIDATION MEASUREMENT

ANSL O3 19 shndard states that the system valdation messurements must be perbormed
The system

withalations measarement results ane then compared 10 SATIMO S simulsted resulis

Measuremaent Conadifion

Solftware Version UpenH AL V2
HAL posibomang naler Sh AN TABHZ
E=Fiekl probe SN OR/11 EIMH2H
H=Field probe SM 310 HPH3S
nstance between dipole and sensor center 1{} mim
Exhekl scan sire K= S0mmyY =2 (mam
Heliekl scan sire Kemdlhmmd Y =2 mm
Scan resolufion =5 mmdd y=5mm
Freguency 1900 M=
Inpul power 2 dBm
Lab Temperature 217
Lab Humidity 5%

Pagu: %
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Measurement Resuli
Memsured Imilermal By mire menl
E Meld (% fm) 147.65 153.4
H Gielel | Ad ) 047 0445

E-Ficld measuremeni

H=Field measwriement
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T LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufwcturer Identification No. Current Ml Calibration
Dvseripiion Nuoael Calibration Date D
o , [dalidated. Mo cal b/ abdaled. Mo cal
HAC positioning ruler Zatimo Tl 12 5H 42109 required. —y
COMOMAC Test Bench|  Versian 2 N falidated. Mocal  Valcalec, Mo caf
requined. recdrec.
Network Anabyzer | Fihode & Scimarz SN100132 f2rz01a D26
, Charactenzed prior 1o |Characienzed phoe bo
Rederence Probs Eatimo EPH2E S8 0&/11 test Mo cal required. |test. Mo cal requined.
. Charactenzed pror 1o |Characienzed phor o
Plaliwrmran Pl i HPHABSNINO | Mo cal recpired. [t Mo cal recquined.
Mulbrmeier Keithley 2000 1188558 11013 112008
Signal Generalor Agilem E4438C AT 058 127013 12008
Characterized prior 1o |Characienzed pnor bo
Amgiifiar s Ao test. Mo cal required. (best. Ma cal required.
Power Meter HP Ed44 184 LPE0R 3 1 408 11013 112008
Power Sansor HP ECPE264 LEEAT 181460 1013 112018
. Charascterized prior 1o |Characienzed phoe o
Dol Compler | Hmln AZ18:20 s test. hocal required. |iest. Na cal required,
Temperahse and
Humidity Ssnsor Control Company 11=661-5 arani4 A0E
Forgni? NX
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