:% Report No.: BL-SZ2171009-702

CALIBRATION REPORT

F.1 E-Field Probe

COMOHAC E-Field Probe Calibration Report

Ref : ACR.76.13.20.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.

BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,
NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055

MVG COMOHAC E-FIELD PROBE
SERIAL NO.: SN 24/13 EPH41

Calibrated at MVG US
2105 Barrett Park Dr. - Kennesaw, GA 30144
s e

" Iy
SN 7
S N~

-~

O
Dyewspeicy SETT I360CE

10/15/2020

Summary

This document presents the method and results from an aceredited COMOHAC E-Field Probe
calibeaticn performed in MVG USA using the CALIBAIR test bench, for use with a MVG
COMOHAC system only All calibration results are traceable to national metrology institutions.
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Report No.: BL-SZ22171009-702

COMOHAC E-FIELD PROBE CALIBRATION REPORT Ref: ACR. 7613 20.8ATU.A
1 DEVICE UNDER TEST
Device Under Test

Device Type COMOHAC E FIELD PROBE

Manufacturer MVG

Model SCE

Serial Number SN 24/13 EPHA41

Product Condition (new / used) Used

Frequency Range of Probe 0.7GHz-2 5GHz

Resistance of Three Dipoles at Connector Dipole 1: R1-1.139 MQ
Dipole 2: R2=1.139 MQ
Dipole 3: R3=1.104 MQ

A yearly calibration interval is recommended,

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

MVG's COMOHAC E field Probes are built in accordance 1o the ANSI C63.19 and [EEE 1309
standards,

Figure 1 - MVG COMOHAC E field Probe

Probe Length 330 mm
Length of Individual Dipoles 3.3 mm
Maximum extemal diameter 8 mm
Probe Tip Exteral Diameter S 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
IEEE 1309 standards,

3.1 LINEARITY

The linearity was determined using a standard dipole with the probe positioned 10 mm above the
dipole. The input power of the dipole was adjusted from -15 to 36 dBm using a 1dB step (to cover
the range 2V/m to 1000Am).
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mvGg COMOHAC E-FIELD PROBE CALIBRATION REPORT Rof: M1 INATLA

3.2 SENSITIVITY

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

33 ISOTROPY

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 A TTATION RESPONSE

The modulation factor was determined by illuminating the probe with a reference wave from a
standard dipole 10 mm away, applyving first & CW signal and then a modulated signal (both at same
power level), The modulation factor is the ratio, in linear units, of the CW to modulated signal
reading.

k] MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1328 and IEC/CEI 62209 standards were followed to generate
the measurement uncertainty associated with an E-field probe calibration using the waveguide
technique.  All uncertainties listed below represent an expanded uncertainty expressed at
approximately the 95% confidence level wsing a coverage factor of k=2, traceable to the
Internationally Accepted Guides to Measurement Uncertainty,

Uncertainty analysis of the probe calibration in waveguide
. Uncertainty Probability : Stundurd
ERROR SOURCES value (%) | Distribution | PPior | Uncertainty (%)

Incwdent or forward power 3.00% Rectangular V'S 1 1.732%
Reflected power 3.00% Rectangular | —— 3 — 1 1.732%
Fiel homogeneity 3.00% Rectangular | — 3 — | 1.732%
Fiekd peobe posticamg 5.00% Rectargular | —— V3i— 1 2.887%
Field peobe linearity 3.00% Rectangilar v3— 1 1.732%
Combined standard uncertainty 4 500%

Expanded uncertainty 9.0

95 % conlidence level k=2 n

5  CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Lab Temperature | 21 °C
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| Lab Humiditv | 45%

5.1 SENSITIVITY IN AIR

Normx dipole 1 Normy dipole 2 Nommz dipole 3
(uVA(Vimy) (uVA(V/im)’) (V/(V/imy)
5.18 5.25 5.11

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (m\V)
96 97 91
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5.2 LINEARITY

Linearity
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6  LIST OF EQUIPMENT

Equipment Summary Sheel

Malidated No cal Validated Na cal
HAC postioning ruler MVG TABH12 SN 4209 equired required.
Maldated Nocal Validated No cal
ICOMOCHAC Test Benchy Version 2 NA Fequired bequired
Network Analyzer | Rode 5 Schwarz SN100132 0212019 022022
Refererce Probe MVG EPH28 SN 0811 12019 102020
Reference Probe MVG HPH38 SN31/10 1072019 10v2020
Multimeter Kethiey 2000 1188656 122019 122022
Sgnal Generator Agdent E4438C MY42070581 122018 1272022
Craractenzed prior to |Characterized prior to
s cankeed Asings SNG4 test No cal required [test No cal required
Power Meter HP E4418A US38261438 1272018 1212022
Power Sensor HP ECP-E26A US37181460 122019 1212022
Craractenzed prior to |Characterized prior to
Dwectional Coupler | Nande 4216-20 01399 test. No cal required itest No cal required
Malidated Nocal alidated No cal
Waveguide Mega Industres | 06SY7-158.13-712 equired required
) -me [M3lidated Nocal Validated No cal
Waveguide Transition | Mega Industnes | 068Y7-158-13-701 Fecuired bequired
. \alidated Nocal Validated No cal
Waveguide Termingtion| Mega industries | 088Y7-158-13-701 tequired required
Temperature / HUmItY| Control Compary 11-681-9 142017 1112020
T
Page: &8

Theis dhoc wownt sivall wor I repuedduced excape in fall on i pewt, withow the weitten apgeoval of MG
Thwe gorvaation comvmed herem (1 to e nsed only for tie parpose for witioh & 15 swbwited and 1y not 4o
be rvlensad in wivde or prvrt wishont weiten approvad of NIV



% Report No.: BL-SZ2171009-702

F.2 Dipole DHA41

HAC Reference Dipole Calibration Report

Ref : ACR.76.14.20.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.
BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,

NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOHAC REFERENCE DIPOLE

FREQUENCY: 800-950MHZ
SERIAL NO.: SN 18/12 DHA4I

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

S,
WS

" [AccréDITED)

(OIS . C2FT ®

10/15/2020

Swmmary:

This document presents the method and results from an accredited HAC reference dipole calibration
performed in MVG USA using the COMOHAC test bench.  All calibeation results are traceable to
national metrology mstitutions
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Report No.: BL-SZ2171009-702

HAC REFERENCE DIPOLE CALIBRATION REPOKT Ref: ACR.76.14 205ATU.A

1 INTRODUCTION

This document contains a summary of the requirements sct forth by the ANSI C63.19 standard for
reference dipoles used for HAC measurement system validations and the measurements that were

performed to verify that the product complies with the fore mentioned standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOHAC 800-950 M1z REFERENCE DIPOLLE
Manufacturer MVG
Model SIDBR3S
Serial Number SN 18/12 DHA41
Product Condition (new /used) | Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOHAC Validation Dipoles are built in accordance to the ANSI €C63.19 standard. The
product is designed for use with the COMOHAC system only.

!
S

Figure 1 - MG COMOHAC Validation Dipole

4  MEASUREMENT METHOD

The ANSI C63.19 standard outlines the requirements for reference dipoles 1o be used for system
validation measurements.  The following measurements were performed to verify that the product
complies with the fore mentioned standard
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mvg HAC REFERENCE DIPOLE CALIBRATION REPOKT Ref: ACR.T614 20.5ATUA

4.1 RETURN LOSS REQUIREMENTS

The dipole used for HAC system validation measurements and checks must have a return loss of <10
dB or better, The retum loss measurement shall be performed in free space.

4.2 REFERENCE DIPOLE CALIBRATION
The IEEE ANSI C63-19 standard states that the dipole used for validation measurements and checks
must be scanned with the E and H field probe, with the dipole 10 mm below the probe. The E and H
field strength plots are compared to the simulation results obtained by MVG.

S MEASUREMENT UNCERTAINTY

All uncertamties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable 1o the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertamties apply to the return loss measurement;

Frequency band Expanded Uncertainty on Gain
400-6000MHz 0.1dB
52 VALIDATION MEASUREMENT

The guideline outlined in the [EEE ANSI C63.19 standard was followed to generate the
measurement uncertainty for validation measurements.

Uncertainty analysis of the probe calibration in waveguide ,
y Uncertainty Probability S Uncertainty Standard
ERROR SOURCES value (%) | Distribution | V™ @B) | Uncertainty (%)

RF reflections 0l R V3 0,06
Freld probe conv, Factor 0.4 R po— \,"_i - 023
Frek! probe amsotropy 028 R — v"}_ — 014
Positioning accuracy 02 R — \f; — 012
Probe cable placement 0.l R V3T 0.06
Svstem repeatability 02 R V3 012
EUT repeatability 04 N —i—, 0.40

Combined standard uncertainty 0.52

Expanded uncertainty 1.00 130
95 % confidence level k =2 ) -
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Ret: ACR. 7614 205ATU A

HAC REFERENCE DIPOLE CALIBRATION REPOKIT

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS

Fraquercy, MHz2
800 810 820 &30 540 850 860 870 880 830 300 90 WO SO M0

Frequency (MHz) | Worst Case Return Loss (dB) Requirement (dB)
800-950 MHz -14.53 -10

6.2 VALIDATION MEASUREMENT
Ihe IEEE ANSI C63.19 standard states that the system validation measurements must be performed
using a reference dipole meeting the fore mentioned retumn loss requirements,  The svstem
validstions measurement results are then compared to MVG's simulated results,

Measurement Condition

Software Version OpenHAC V2

HAC positioning ruler SN 42109 TABH12
E-Field probe SN 0811 EPH28
H-Fieldprobe | SN 31710 HPH38
Distance between dipole and sensor center 1) mm

E-field scan size N=150mm Y =20mm
H-field scan size | N =A0mm Y =20mm.
Scan resolution dx=5mm/dv=5mm
Frequency 835 MHz

Input power 20 dBm

Lab Temperature 21°C

Lab Humidity 45%
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HAC REFERENCE DIPOLE CALIBRATION REPOKT Ref: ACR. 7614 20.5ATU.A

Measurement Result

Measured Internal Requirement
E field (V/m) 220.88 2204
H field (A/m) i 0.45 (.445

E-Field measurement

— .
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7

LIST OF EQUIPMENT

Equipment Summary Sheel

HAC positioning ruler MVG TABH12 SN 42/09 :gﬁf;g" Nocal :;’Ef;ic No cuf
] Malidated No cal Validated No cal
ICOMOHAC Test Bench Version 2 NA Fequired hequired
Network Analyzer | RO Semvarz | gao0132 0212019 0212022
Refererce Probe MVG EPH28 SN 0811 10/2019 10¥2020
Reference Probe MVG HPH38 SN31M10 172019 10v2020
Multimeter Kedthiey 2000 1188656 122019 1212022
Sgnal Generator Agdent E4438C MY 42070581 122018 12/2022
Craractenzed prior to |Characterized prior to
Aropiier Astnge Sho% test No cal required [test No cal required
Power Meter HP E4418A US38261438 12/2019 12/2022
Power Sensot HP ECP-E26A US371581460 122019 1212022
Charactenzed prior to |Characterized prior to
Coactional Coopie hNande 421620 o0 test No cal required jtesl. No cal required
Temperature and ) =
Humidity Sensor | COntrol Company 116619 1172017 1112020
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Summary:

This document presents the method and results from an accredited HAC reference dipole calibration
performed in MVG USA using the COMOHAC test bench.  All calibeation results are traceable to
national metrology mstitutions
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.76.13.20.5ATU.A

Report No.: BL-SZ2171009-702

1 INTRODUCTION

This document contains a summary of the requirements sct forth by the ANSI C63.19 standard for
reference dipoles used for HAC measurement system validations and the measurements that were

performed to verify that the product complies with the fore mentioned standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOHAC 1700-2000 MHz REFERENCE DIPOLE
Manufacturer MVG
Madel SIDB1900
Serial Number SN 18/12 DHB46
Product Condition (new / used) Used

A yearly calibration interval 18 recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOHAC Validation Dipoles are built in accordance to the ANSI C63.19 standard. The
product is designed for use with the COMOHAC system only.

!
s

Figure 1 - MG COMOHAC Validation Dipole

4 MEASUREMENT METHOD

The ANSI C63.19 standard outlines the requirements for reference dipoles 1o be used for system
validation measurements. The following measurements were performed to verify that the product
complies with the fore mentioned standard
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mvg HAC REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR. 7615 20.5ATU. A

4.1 RETURN LOSS REQUIREMENTS

The dipole used for HAC svstem validation measurements and checks must have a return loss of -10
dB or better, The retum loss measurement shall be performed in free space.

4.2 REFERENCE DIPOLE CALIBRATION
The IEEE ANSI C63-19 standard states that the dipole used for validation measurements and checks
must be scanned with the E and H field probe, with the dipole 10 mm below the probe. The E and H
field strength plots are compared to the simulation results obtained by MVG.

s MEASUREMENT UNCERTAINTY

All uncertamties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertamties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Gain
400-6000M Hz 0.1dB
32 VALIDATION MEASUREMENT

The guideline outlimed in the [EEE ANSI C63.19 standard was followed to generate the
measurement uncertainty for validation measurements.

Uneertainty analysis of the probe calibration in waveguide ,
v Uncertainty Probability S Uncertainty Standard
ERROR SOURCES value (%) | Distribution | DM @B) | Uncertainty (%)

RF reflections 0l R yl'j 0.06
Freld probe conv, Factor 04 R pom— V‘S - 023
Frek! probe amsotropy 0325 R — \,'i'!_ — 014
Positioning accuracy 02 R —_— 3 012
Probe cable placement 0.1 R =3 0,06
System repeatability 02 R V3 012
EUT repeatability 04 N —I—I .40

Combined standard uncertainty 052

Expanded uncertainty 1.00 130
95 % confidence level k=2 ) .
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS

11,8

S

Fraquercy, MHz
1700 1725 1750 1775 1800 1825 1650 1875 1900 1925 1550 1975 2000

{ Frequency (MHz) | Worst Case Return Loss (dB)

Requirement (dB)

1700-2000 Mz

-15.78

-10

6.2 VALIDATION MEASUREMENT

Ihe IEEE ANSI C63.19 standard states that the system validation measurements must be performed
using a reference dipole meeting the fore mentioned retumn loss requirements, The svstem
validustions measurement results are then compared to MVGs simulated results,

Measurement Condition

| Software Version

OpenHAC V2

HAC positioning ruler

SN 42/09 TABHI12

E-Field probe

SN 0811 EPH28

“H-Field probe

Distance between dipole and sensor center

| SN 31/10 HPH38
10 mm

E-field scan size

N=150mm Y =20mm

MH-field scan size
Scan resolution

| N=A0mmY =20mm

dx=5mm dv=>5mm

Frequency

1900 MHz

Input power 20 dBm
Lab Temperature 21°C
Lab Humidity 45%

FPage: 6/8
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Measurement Result

Measured Intermnal Requirement
K ﬁeld_(\':‘m) 161.34 153.4
H field (A/m) : 0.45 0445

-Field measurement
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7

LIST OF EQUIPMENT

Equipment Summary Sheet

HAC positioning ruler MVG TABH12 SN 42/00 g’m" No-cal :’;‘;'i“’f;z" No cn
= Valicated Nocal  |validsted  No cal
ICOMOHAG Test Bench Version 2 NA sl o
Network Anatyzer | RNO9e & ScWarz | gyyog13p 022010 02/2022
Reference Frobe MVG EPH28 SN 08/11 1002019 1002020
Reference Probe MVG HPH38 SN31/10 10/2019 1072020
Muttimeter Keithiley 2000 1188656 12/2019 1242022
Sigral Generator Agilent E4438C MY49070631 1212019 122022
- Characterzed poor to |Charactenzed prior to
Armpitier fhamomm ik test No cai required [test No cal required
Pawer Meter HP E4418A US38261498 1202019 1202022
Power Sensor HP ECP-E26A US37181460 122018 12/2022
: X % Characterzed pror to |Characterized pricr lo
Directonal Coupler Narda 4216-20 01366 test No cal required |test No cal required
Temperature and 2 -
Humdty Sensor | CO7tro! Company 11-6681-9 1112017 112020
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F.4 Dipole DHC48

HAC Reference Dipole Calibration Report

Ref : ACR.76.16. 20.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.
BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,

NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOHAC REFERENCE DIPOLE
FREQUENCY: 2100-2600MHZ

SERIAL NO.: SN 18/12 DHC48

Calibrated at MVG US
2108 Barrett Park Dr. - Kennesaw, GA 30144

e
) Iy
SANMN S 2

- s, -

%7~ [AccrEbiTep)

R
lold e

10/13/2020

Summary

This document presents the method and results from an accredited HAC reference dipole calibration
performed in MVG USA using the COMOHAC test bench.  All calibeatson results are traceable to
national metrofogy mstitutions
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.7616 20.5ATU.A

Report No.: BL-SZ2171009-702

1 INTRODUCTION

This document contains a summary of the requirements sct forth by the ANSI C63.19 standard for
reference dipoles used for HAC measurement system validations and the measurements that were

performed to verify that the product complies with the fore mentioned standards,

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOHAC 2100-2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Madel SIDB2450
Serial Number SN 18/12 DHC48
Product Condition (new / used) Used

A yearly calibration interval 18 recommended.

3 PRODUCT DESCRIPTION

il GENERAL INFORMATION

MVG's COMOHAC Validation Dipoles are built in accordance to the ANSI C63.19 standard. The
product is designed for use with the COMOHAC system only.

!
s

Figure 1 - MG COMOHAC Validation Dipole

4 MEASUREMENT METHOD

The ANSI C63.19 standard outlines the requirements for reference dipoles 1o be used for system
validation measurements. The following measurements were performed to verify that the product
complies with the fore mentioned standard
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4.1 RETURN LOSS REQUIREMENTS

The dipole used for HAC svstem validation measurements and checks must have a return loss of -10
dB or better, The retum loss measurement shall be performed in free space.

4.2 REFERENCE DIPOLE CALIBRATION
The IEEE ANSI C63-19 standard states that the dipole used for validation measurements and checks
must be scanned with the E and H field probe, with the dipole 10 mm below the probe. The E and H
field strength plots are compared to the simulation results obtained by MVG.

s MEASUREMENT UNCERTAINTY

All uncertamties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertamties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Gain
400-6000M Hz 0.1dB
32 VALIDATION MEASUREMENT

The guideline outlimed in the [EEE ANSI C63.19 standard was followed to generate the
measurement uncertainty for validation measurements.

Uneertainty analysis of the probe calibration in waveguide ,
v Uncertainty Probability S Uncertainty Standard
ERROR SOURCES value (%) | Distribution | DM @B) | Uncertainty (%)

RF reflections 0l R yl'j 0.06
Freld probe conv, Factor 04 R pom— V‘S - 023
Frek! probe amsotropy 0325 R — \,'i'!_ — 014
Positioning accuracy 02 R —_— 3 012
Probe cable placement 0.1 R =3 0,06
System repeatability 02 R V3 012
EUT repeatability 04 N —I—I .40

Combined standard uncertainty 052

Expanded uncertainty 1.00 130
95 % confidence level k=2 ) .
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS

Fraquency, MHz
200 2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 [

11,48

S

Frequency (MHz) | Worst Case Return Loss (dB) Requirement (dB)
{ 2100-2600 MHz -12.70 -10

6.2 VALIDATION MEASUREMENT

Ihe IEEE ANSI C63.19 standard states that the system validation measurements must be performed
using a reference dipole meeting the fore mentioned retumn loss requirements, The svstem
validustions measurement results are then compared to MVGs simulated results,

Measurement Condition

[ Software Version OpenHAC V2

| HAC positioning ruler SN 42109 TABH12
| E-Field probe SN 08/11 EPH28
|H-Fieldprobe | SN 31710 HPH3S
| Distance between dipole and sensor center 10 mm

| E-field scan size N=150mm'Y = 20mm
| H-field scan size | X=40mm/Y =20mm
| Scan resolution dx=5mm/dv=>5mm

| Frequency 24350 MHz

| Input power 20 dBm

I Lab Temperature 21°C

| Lab Humidity 45%
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Measurement Result

Measured Intermnal Requirement
E field (V/m) 136.31 134.7

H field (A/m) 0.44 0.439

E-Field measurement

St e S e T

H-Field measurement
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7

LIST OF EQUIPMENT

Equipment Summary Sheet

HAC positioning ruer MG TABH12 SN 42109 V;;::”;" No'cd ‘fq":‘e:" No om)

l-OMOHAC Test Bench|  Version 2 NA g‘lﬁg" Ne:omt :fq'gégd NG oal
Network Analyzer | Trode f‘vi"“’”“" SN100132 022019 02/2022
Reference Probe MVG EPH28 SN 08111 1002018 1072020
Reference Probe MVG HPH38 SN31/10 1002018 1002020
Muttimeter Keithiey 2000 1188656 1272018 1272022
Sigral Generator Agilent E4438C MY4907C681 1212018 122022

Amplifier Asthercomm SN 045 ghs:ra'gge g:ﬁig::;o tcg:'a&fg;e?eggo%o
Power Meter HP E4418A US38261498 122018 122022
Power Sensor HP ECP-E26A US371681460 12/2018 1272022

Directional Coupler | Narda 4216-20 01386 g:f’amegﬁ;ﬁ" ?:;'ﬁengfgfr‘e;"
T:;"n";ﬁ"s';;;’ Cortrol Company 11-667-9 12017 112020
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