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1 DEVICE UNDER TEST 

Device Under Test 

DeviceTvoe COMOHAC E FIELD PROBE 
Manuf饵”r缸 MVG 
Model SCE 
S町坦l Number SN 07 /22 EPH50 
Product Condi咀.on (new I used) New 
Frequency Range of Probe 0. 7GHz-2.5GHz 
Resistance of Thr四Dipoles at Connector Dipole 1: Rl =0.208 Mn 

Dipole 2: R2=0.220 Mn 
Dioole 3: R3=0.212 Mn 

2 PRODUCT DESCRIPTION 

2.1 GENERAL囚FORMATION

MVG’s COMOHAC E field Probes 町e built in 也∞世ance to 由e ANSI C63.19 and IEEE 1309 
s阳ndards.

Figure 1-MVG COMOHAC E卢eldProbe

ProbeL 
Leng曲。f Individual Dipoles 
Maximum external diameter 
Probe Tip Ex阳nalDiame阳

Distance betw曲也 diooles I 

3 MEASUREMENT METHOD 

330mm 
3.3 m皿
8mm 
Smm 
3mm 

All me由。由 used to perform 也e measurements and calibrations comply wi也也e ANSI C63.19 and 
IEEE 1309 s·阳也rds.

3.1 Lil证EARITY

τ'he linearity was det缸mined using a standard dipole with 也e probe positioned 10 mm above 也e
dipole. The input pow,町 of the dipole w倒叫usted from -15 to 36 dBm using a 1 dB s句（ω ∞阳
也erange2V/m阳 lOOOA/m).

3.2 SENSI1τVITY 

’The sensitivity 臼ctors of也e缸ee dipol臼 were de恒nnined using 由e waveguide me血odou也.ed. 坦

白e岛mmentioned s相n也rds.
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3.3 ISOTROPY 

τ'he axial isotropy w描 evalua面d by exposing 也e probe to a reference wave from a sta且也d dipole. 
τ'he probe w四 rot＆＂臼d along its main axis from O - 360 degrees in 1 S 由gree st叩s.

4 MEASUREMENT UNCERTAll町’Y

’The guidelines outlined 姐也e ANSI C63.19 and IEEE 1309 sta且也rds were followed to genera阳也e
measurement uncertainty邵阳cia臼dwi血m E-field probe calibration using也ewaveguide techni甲1e.
All uncer饵inti.es listed below represent an exp扭曲地unc缸恒inty e耳宽阔回d at 句:,proxi皿脂ly the95% 
confidence level using a coverage factor of k.=2, traceable to 也e Internationally Accepted Guides to 
M国surementUncertaintv. 

Un饵”“nty analysis of由e probe ealibraUon恒wav唔:aide

Unc:er国inty I Probability 
value (%) I Di血ibution

ERROR SOURCES Divisor c:i S坦ndard

Un饵”“nty(%)

9.6% Expanded uncertainty 
归% confidence level k = 2 

5 CALIBRATION 脚IEA SURE画IENT RESULTS 

Callbratlon Parameters 

20 +/-1 °C 
30-70 % 

5.1 SENSITIVITY IN AIR 

DCP dipole 1 I DCP dipole 2 I DCP dipole 3 m-m 
m-m DO 

m-m 
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Calibration curves 
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5.3 ISOTROPY 
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6 LIST OF EQUIPMENT 

Equipment Summary Sheet 

Equip皿.ent Manufacturer I 
Iden·甜fication No. 

Current Nm Calibration 
Descrip·植.OD Model Callbra世.on Date Date 

HAC positioning ruler MVG TABH12 SN 42/09 阳alida恒d. No cal Walidated. N。俑l

required. required. 

COMOHAC Test Bench Ve『sion2 NA W'alida抽d. No cal Walidated. N。由l

『equired. required. 

Network Analyzer Rohde & Schwarz 
100203 0日2021 0日2024ZVM 

Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024 

Network Analyzer - Rohde & Schwarz 101223 0日2021 0日2024
Cali bra耐。n kit ZV-'1235 

Network Analyzer - HP85033D 3423A08186 06/2021 06/2027 
Calibrati。n kit 

Multimeter Keithley 2000 1160271 02/2021 02坦024

Signal Generator Rohde & Schwa阻 106589 。4/2021 。而2024
SMB 

Amplifier MVG MODU-023田C-0002
Charac恒rized prior to Characterized prior to 
test. No cal required. 国st. N。 cal required. 

Power Meter NI-USB 5680 170100013 0日2021 0日2024

Power Meter Rohde & Schwarz 
832839』056 11/2021 11尼024NRVD 

Directi。nal Coupler K叩恒r 158020 131467 Characterized prior to Characterized prior to 
test. No cal 『equired. 恒st. N。 cal 陪quired.

Waveguide MVG SN 32/16 WG8 1 
Walida恒d. No cal Walida恒d. No cal 
陆quired. 阳qui陪d.

Temperature I Humidity 
Testo 184 H1 44225320 阅尼021 。即2024

Sensor 

Page: 717 

Te,叩h践＿ACR.DDD.N.YY.MYG丘ISSU~－：－COMOHACEfield P1ψ加两
This document ahal/ not be n罗，rot/uc叫 e;cc,电pt in fall or归p酬， W蛐out伪e'K树tten approval （矿MYG. The觑衔’翩翩翩 contained herein i8 to be used 

例fyfor劝ep,句1011e[orw，拙为 it is aul»nitted a,id归 ,wt阳bere/i阳6d i1I whole or part wi佛侧tw,说阳approval 0,川同．



HAC Reference Dipole Calibration Report 

Ref: ACR.49.23.22.BES.A 

BTF TESTING LAB (SHENZHEN) CO., LTD. 
FlOl,201 AND 301, BUILDING 1, BLOCK 2, TANTOU 

INDUSTRIAL PARK, TANTOU COMMUNITY 
SONGGANG STREET, BAO’AN DISTRICT, SHENZHEN, 

CHINA 

MVG COMOHAC REFERENCE DIPOLE 
FREQUENCY: 800-950MIIZ 
SERIAL NO.: SN 07 /22 DHA69 

Calibrated at MVG 
Z.I. de la pointe du diable 

Technop6Ie Brest Iroise - 295 avenue Alexis de Rochon 

29280 PLOUZANE - FRANCE 

Calibration date: 02/06/2023 

心吧以 ~
A公运乡二三 τ去~
哥哥冒』唱’ff"电E .. ~ 
雯’号兰兰哥~ ,A..,<v
~~ ..... ／仁二－：：：，.....＿＇..； ~』
’~., r", 、－~＇ ~『咽，.,,,,,,, .. ，俨 市市市在

Acer刨出1ions 但－6789
Scope available on豆~血ι盒

The E”。fthe Cofrac brand皿d the accreditation reference, ii prohibited from皿y reproduction. 

Summar;人·

This document presents 也eme也od and results from an accredited HAC reference dipole calibration 
performed at MVG, using the COMOHAC test bench.τ'he test results cov优ed by accredi饱tion 町e

位也臼ble to 也e International System of Units (SI). 
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.49.23.22.BES.A 

1 IN1亚ODUCTION

四is document con·阻ins a summ缸y of也e req回rem.en臼 set for也 by 也e ANSI C63. l 9 stan也rd for 

refi配ence dipoles used for HAC meas田ement sys忧m validations and 也em臼surements 也at W缸e

per击。，rmed to verify由at也epro由ict complies wi也 the fore mentioned s阳也rds.

2 DEVICE UNDER TEST 

Devi臼 Under Test 

Device Type COMOHAC 800-950 MHz REFERENCE DIPOLE 
Manuf部阳r町 MVG 
Model SIDB835 
Serial Number SN 07/22 DHA69 
Product Condition但仰／ used) New 

3 PRODUCT DESCRIPTION 

3.1 GENERAL因FORMATION

MVG’s COMOHAC Validation Dipoles 缸e built in accordance to the ANSI C63.19 standard. The 
product is designed岛ru回wi也也eCOMOHAC sys·阳monly. 

Fi毡：ure 1-MVG COMOHAC Validation Dipole 

4 MEASUREMENT METHOD 

τ'he ANSI C63.19 阳n也rd 侃.t1坦因也e requirements for reference dipoles to be used for sys倒n
validation me跑回ements.τ'he 岛llowing m回surements were pe由rmed 阳 veri命也at the product 
complieswi也出e岛remen1咀.oned s阳且也rd.
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4.1 RETURN LOSS REQUIREMENTS 

’The dipole used for HAC sys阳m validation m阅sur，田nents and checks must have a return loss of -10 
dB orbett町. The return loss measur田nent shall be p田formed in free space. A dir民t me曲。d is used 
wi也anetwork analyser and its calibration kit, bo也with a valid ISO 17025 calibration. 

4.1 REFERENCE DIPOLE CALIBRATION 

τ'he IEEE ANSI C63-19 stan曲rd s阳：阳也at也e dipole used for vali巾，世onme邸，urements and checks 
must be scanned with也e E field probe, wi曲曲s dipole IO mm below由e probe. The E field s位回鸣曲
plo臼缸-e comp缸。4切由e simulatio咀results obtained by MVG. 

5 MEASUREMENT UNCERTAINTY 

All unc町幅画世es listed below r叩，resent an expanded uncertainty expressed at叩proximately也e95%
confidence level using a co司f町age factor of k=2，位ac臼hie to 也e h但mationally Ace叩恒d Guides to 
Measurement Uncertainty. 

5.1 RETURN LOSS 

τh following uncer幅画出S叩ply to 也em阳mlossm回surement:

Frequency band 

400』6000Mllz

5.2 VALIDATION MEASUREMENT 

Expanded Uncertainty on Gain 

0.08LIN 

τ'he guideline outlined 扭曲e IEEE ANSI C63.19 归n也d was followed to genera阳也e

m饲surement uncer幅画ty如validation me囚uremen臼．

6 CALIBRATION 脚IEASUREMENT RESULTS 

Oncer幅inty analyu1 of伽probe幅画bration in waveguide 

ERROR SOURCES 

Expanded uncertainty 
95 % confidence level k = 2 

Uncertainty I Probab出ty
value (%) I Diatribu也E
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6.1 RETURN LOSS 

Frequency, MHz 

800 810 820 &30 840 850 a随 870 880 &90 到泪 910 920 930 悦。 950 
0.0 -

·2.5 -

·5.0 -

-7.5 -

-10.0 -

ID -12.5-
『3

~ ·15.0 -

的，17.5-

·20.0 -

·22.5 -

-25.0 -

·27.5 -

扭。－

- 一

Worst Case Return Loss (dB 
-13.97 

6.2 VALIDATION MEASUREMENT 

τ'he IEEE ANSI C63.19 stan也rd s饵阳s由at 也e sys阳m vali曲：tion measuret卫.en: must be performed 
using a reference dipole meeting 也e fore mentioned return loss requirements. The sys出m
valida: ions me皿UI田nent results 缸白也.en comp缸回归MVG’s simulated results. 

Measurement Condition 
So企ware Version Ot>enHACV2 
HACposi咀oning; rul田 SN 42/09 TABH12 
E-Field probe SN 26/11 EPH32 
Distance between dipole and sensor cen:阳 lOmm 
E-field sc阻 size X=l50mm/Y=20mm 
H-field scan size X=40mmN=20mm 
Scan resolution dx=5mm/dv=5mm 
Pre坷u臼lCY 835MHz 
Inoutoow，町 20dBm 
Lab Temperature 20 +/- 1°C 
Lab Humidity 30』70%
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Measurement Result 

E field (Vim 
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7 LIST OF EQUIPMENT 

Equipment Summa『y Sheet 

Equip皿.ent Manufacturer I 
Iden·甜fication No. 

Current Nm Calibration 
Descrip·植on Model Callbra世onDate Date 

HAC positioning ruler MVG TABH12 SN 42/09 阳alida恒d. No cal Walidated. N。倒l

required. required. 

COMOHAC Test Bench Ve『sion2 NA W'alida抽d. No cal Walidated. N。由l

『equired. required. 

Network Analyzer Rohde & Schwarz 
100203 。即2021 0812024 ZVM 

Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024 

Network Analyzer - Rohde & Schwa『Z 101223 0日2021 05/2024 
Calibrati。n kit Z:V-'1235 

Network Analyzer - HP85033D 3423A08186 06/2021 06/2027 
Calibrati。n kit 

Refe『en四 Probe MVG EPH32SN 2田刊 02/2021 02坦024

Multi me恒r Keithley 2000 1160271 0212021 0212024 

Signal Gene帽tor
Rohde & Schwarz 106589 04尼021 04/2024 SMB 

Amplifier MVG MODU-023田C-0002
Characterized pri。rto Characterized prior to 
test. No cal required. 国st. N。臼l 陪quired.

Power Meter NI-USB 5680 170100013 06/2021 0612024 

Power Meter Rohde & Schwa阻
832839』056 11/2021 11/2024 NRVD 

Directional Coupler K叩恒r 158020 131467 Charac恒rized prior to Characterized prior to 
test. No cal required. 恒st. N。 cal required. 

Temperature and 
Testa 184 H1 44225320 阅尼021 。即2024Humidity Sensor 
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HAC Reference Dipole Calibration Report 

Ref: ACR.49.24.22.BES.A 

BTF TESTING LAB (SHENZHEN) CO., LTD. 
FlOl,201 AND 301, BUILDING 1, BLOCK 2, TANTOU 

INDUSTRIAL PARK, TANTOU COMMUNITY 
SONGGANG STREET, BAO’AN DISTRICT, SHENZHEN, 

CHINA 

MVG COMOHAC REFERENCE DIPOLE 
FREQUENCY: 1700-2000MHZ 

SERIAL NO.: SN 07 /22 DIIB70 

Calibrated at MVG 
Z.I. de la pointe du diable 

Technopole Brest Iroise - 295 avenue Alexis de Rochon 

29280 PLOUZANE - FRANCE 
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Aα:reditations #2-6789 
Scope available on茸茸茸．监生监矗立

The E蝇，fthe Cofrac brand and也e accreditation references i1 prohibited from any reproduct击。n.

Summary: 

This document presents 也e m础。d and results from an acαedited HAC reference dipole calibration 
performed at MVG, using the COMOHAC test bench.τ'he test results covered by accreditation are 
往前四ble to 也e International System of Units (SI). 
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Nαrme Function Date Siznαture 

Prepαrred by: J已rorne Luc Technical Manager 2/6/2023 2岁
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Ltd. 

Issue Name Dαte Modificαhons 

A J已rorne Luc 2/6/2023 Initial release 
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.49.24.22.BES.A 

1 IN1亚ODUCTION

四is document con·阻ins a summ缸y of也e req回rem.en臼 set for也 by 也e ANSI C63. l 9 stan也rd for 

refi配ence dipoles used for HAC meas田ement sys忧m validations and 也em臼surements 也at W缸e

per击。，rmed to verify由at也e product complies wi也由e fore mentioned s阳也rds.

2 DEVICE UNDER TEST 

Devi臼 Under Test 

Device Type COMOHAC 1700-2000 Ml王ZREFERENCE DIPOLE 
Manuf部阳r町 MVG 
Model SIDB1900 
Serial Number SN 07/22 DHB70 
Product Condition但仰／ used) New 

3 PRODUCT DESCRIPTION 

3.1 GENERAL因FORMATION

MVG’s COMOHAC Validation Dipoles 缸e built in accordance to the ANSI C63.19 standard. The 
product is designed岛ru回wi也也eCOMOHAC sys·阳monly. 

Fi毡：ure 1-MVG COMOHAC Validation Dipole 

4 MEASUREMENT METHOD 

τ'he ANSI C63.19 阳n也rd 侃.t1坦因也e requirements for reference dipoles to be used for sys倒n
validation me跑回ements.τ'he 岛llowing m回surements were pe由rmed 阳 veri命也at the product 
complieswi也出e岛remen1咀.oned s阳且也rd.

Page:4/8 

To刷碗＿ACR.DDD.N.YY.MVGB.ISSUE_HACR，电ferenceDipok 'III 
This document shall not be rt.伊，duced,ac号”胡fallorillp酬，W伪out the w前例句，rovaJof MYG. The问formation contained here舰 is to be rued 

。功F户’即pUTJ)(»efor w，帕为 it印刷刷itted (l1I(/ is 'fWt加 bere阳edill毗ole or part wi；脚，ltwrittell嘟”valo/MJIG.



HAC REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.49.24.22.BES.A 

4.1 RETURN LOSS REQUIREMENTS 

’The dipole used for HAC sys阳m validation m阅sur，田nents and checks must have a return loss of -10 
dB orbett町. The return loss measur田nent shall be p田formed in free space. A dir民t me曲。d is used 
wi也anetwork analyser and its calibration kit, bo也with a valid ISO 17025 calibration. 

4.1 REFERENCE DIPOLE CALIBRATION 

τ'he IEEE ANSI C63-19 stan曲rd s阳：阳也at也e dipole used for vali巾，世onme邸，urements and checks 
must be scanned with也e E field probe, wi曲曲s dipole IO mm below由e probe. The E field s位回鸣曲
plo臼缸-e comp缸。4切由e simulatio咀results obtained by MVG. 

5 MEASUREMENT UNCERTAINTY 

All unc町幅画世es listed below r叩，resent an expanded uncertainty expressed at叩proximately也e95%
confidence level using a co司f町age factor of k=2，位ac臼hie to 也e h但mationally Ace叩恒d Guides to 
Measurement Uncertainty. 

5.1 RETURN LOSS 

τh following uncer幅画出S叩ply to 也em阳mlossm回surement:

Frequency band 

400』6000Mllz

5.2 VALIDATION MEASUREMENT 

Expanded Uncertainty on Gain 

0.08LIN 

τ'he guideline outlined 扭曲e IEEE ANSI C63.19 归n也d was followed to genera阳也e

m饲surement uncer幅画ty如validation me囚uremen臼．

6 CALIBRATION 脚IEASUREMENT RESULTS 

Oncer幅inty analyu1 of伽probe幅画bration in waveguide 

ERROR SOURCES 

Expanded uncertainty 
95 % confidence level k = 2 

Uncertainty I Probab出ty
value (%) I Dia甜甜u也E
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.49.24.22.BES.A 

6.1 RETURN LOSS 

Frequency, MHz 
1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 19佣 1975 2000 

0.0 -

·2.5 -

·5.0 -

-7.5 -

-10.0 -

ID -12.5-
『3

~ ·15.0 -

的，17.5-

·20.0 -

·22.5 -

-25.0 -

·27.5 -

扭。－

Worst Case Return Loss (dB 
-16.23 

6.2 VALIDATION MEASUREMENT 

τ'he IEEE ANSI C63.19 stan也rd s饵阳s由at 也e sys阳m vali曲：tion measuret卫.en: must be performed 
using a reference dipole meeting 也e fore mentioned return loss requirements. The sys出m
valida: ions me皿UI田nent results 缸白也.en comp缸eel阳 MVG’s simulated results. 

Measurement Condition 
So企ware Version Ot>enHACV2 
HACposi咀oning; ru1田 SN 42/09 TABH12 
E-Field probe SN 26/11 EPH32 
Distance between dipole and sensor cen:阳 lOmm 
E-field sc阻 size X=l50mm/Y=20mm 
H-field scan size X=40mmN=20mm 
Scan resolution dx=5mm/dv=5mm 
Pre坷u臼lCY 1900MHz 
Inoutoow，町 20dBm 
Lab Temperature 20 +/- 1°C 
Lab Humidity 30』70%
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.49.24.22.BES.A 

Measurement Result 
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HAC REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR.49.24.22.BES.A 

7 LIST OF EQUIPMENT 

Equipment Summa『y Sheet 

Equip皿.ent Manufacturer I 
Iden·甜fication No. 

Current Nm Calibration 
Descrip·植on Model Callbra世onDate Date 

HAC positioning ruler MVG TABH12 SN 42/09 阳alida恒d. No cal Walidated. N。倒l

required. required. 

COMOHAC Test Bench Ve『sion2 NA W'alida抽d. No cal Walidated. N。由l

『equired. required. 

Network Analyzer Rohde & Schwarz 
100203 。即2021 0812024 ZVM 

Network Analyzer Agilent 8753ES MY40003210 10/2021 10/2024 

Network Analyzer - Rohde & Schwa『Z 101223 0日2021 05/2024 Calibration kit Z:V-'1235 

Network Analyzer - HP85033D 3423A08186 06/2021 06/2027 
Calibrati。n kit 

Refe『en四 Probe MVG EPH32SN 2田刊 02/2021 02坦024

Multi me恒r Keithley 2000 1160271 0212021 0212024 

Signal Gene帽tor
Rohde & Schwarz 106589 04尼021 04/2024 

SMB 

Amplifier MVG MODU-023田C-0002
Characterized pri。rto Characterized prior to 
test. No cal required. 国st. N。臼l 陪quired.

Power Meter NI-USB 5680 170100013 06/2021 0612024 

Power Meter Rohde & Schwa阻
832839』056 11/2021 11/2024 NRVD 

Directional Coupler K叩恒r 158020 131467 Charac恒rized prior to Characterized prior to 
test. No cal required. 恒st. N。 cal required. 

Temperature and 
Testa 184 H1 44225320 阅尼021 。即2024Humidity Sensor 
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