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1 DEVICE UNDER TEST 

Oevice Under Test 

Device Type COMOSAR DOSI1\咀~TRIC E FIELD PROBE 
Manu也cturer MVG 
Model SSE2 
Serial Number SN 18/21 EPG0356 
Product Condition (new / used) New 
Frequency Range of Probe 0.1 5 GHz-6GHz 
Resistance ofThree Dipoles at Connector Dipole 1: Rl=0.221 MQ 

Dipole 2: R2=0.197 MQ 
Dipole 3: R3=0.195 MQ 

2 PRODUCT DESCRIPTION 

2.1 GENERAL INFOR.r..ι生TION

MVG's COMOSAR E fteld Probes are built in accordance to the IEEE 1528, FCC KDB865664 
DO 1, CENELEC EN62209 and CEI/IEC 62209 standards. 

Figure 1 - JvIVG COMOSAR Dosimel.ric E卢eld Dipole 

Probe Length 330mm 
Length of Individual Dipoles 2mm 
Maximum external diameter 8mm 
Probe Tip External Diameter 2.5mm 
Distance between dipoles / probe extremity lmm 

3 MEASUREMENT METHOD 

The IEEE 1528, FCC KDB865664 DOI , CENELEC EN62209 and CEIIIEC 62209 standards provide 
recommended practices for the probe calibrations, including the performance characteristics of 
interest and methods by which to assess their affect. All calibrations / measurements performed meet 
the fore mentioned standards. 

3.1 LlNEARITY 

The evaluation of the linearity was done in 白.'ee space using the waveguide, performing a power 
sweep to cover the SAR range 0.01 W /kg to I OOW /kg. 
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3.2 SENSITIVITY 

The sensitiv川it印yt臼actors of the th阳uee di怡po叶le臼s we町re dete创rm
and tiss饥sue s剑1mη111川l川la创川ting liqu川id均) u山sing wavegu山ides as outlined in the standards. 

3.3 LOWER DETECTION LIMIT 

The lower detection limit was assessed using the same measurement set up as used for the linearity 
measurement. The required lower detection limit is 10 mW/kg. 

3.4 1SOTROPY 

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole 
with the dipole mounted l1nder the f1at phantom in the test configuration suggested for system 
validations and checks. The probe was rotated along its main axis from 0 to 360 degrees in 15-
degree steps. The hemispherical isotropy is determined by inselting the probe in a thin plastic box 
filled with tissue-eq l1ivalent liql1id, with the plastic box illuminated with the fields from a half wave 
dipole. The dipole is rotated about its axis (0。一1800) in 150 inc1'ements. At each step the probe is 
rotated about its axis (0。一3600).

3.1 BOUNDARY EFFECT 

The boundary effect is defined as the deviation between the SAR meas l11'ed data and the expected 
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this 
effect, the liquid filled f1at phantom is exposed to fields f1'om eithe1' a 1'eference dipole 01' waveguide. 
With the probe normal to the phantom surface, the peak spatial average SAR is measured and 
compared to the analytical vall1e at the sl1rface. 

The boundary effect uncertainty can be estimated according to the following l1ncertainty 
app1'oximation fonm山 based on linear and exponential extrapolations between the surface and dbe 十

叫~tep along lines that are approximately normal to the surface: 

山田[%l=mbe(dbe +dJ己妇叫'be +drup) < 10 mm 
-…'2dstq52 

where 

SARuncertainty 

dbe 

~step 

δ 

LlSARbe 

is the unceltainty in percent of the probe boundary effect 

is the distance between the sllrf注ce and the c10sest ZOO l11-scan measurement 

point, in millimetre 
is the separation distance between the first and second measurement points that 

are c10sest to the phantom surface, in millimetr飞 assl1ming the boundary effect 
at the second location is negligible 
is the minimum penetration depth in millimetres of the head tissue-equivalent 
liquids defined in this standard, i.e. ， δ但 14 mm at 3 GHz; 
in percent of SAR is the deviation between the measured SAR val l1e, at the 

distance dbe from the boundary, and the analytical SAR value. 
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The measured WOI回 case boundary effect SARuncertainty[%] for scanning distances larger than 
4mm is 1.0% Limit ,2%). 

4 MEASUREMENT UNCERTAINTY 

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIIEC 
62209 standards were followed to generate the measurement uncel1ainty 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 using a coverage factor 

J 

Uncertainty ana1ysis ofthe probe calibration in waveguide 

ERRORSOURCES Uncertainty Probability 
value (%) Distribution 

Expanded uncertainty 
95 % confidence level k = 2 

5 CALmRATION MEASUREMENT RESULTS 

5.1 SENSITIVITY IN AIR 

Calibration Parameters 
20+/- 1 oC 
20+/- 1 oC 
30-70 % 

Divisor CI 

Calibration curves ei=f(V) (i= 1 立，3) allow to 0btain E-field value using the formula: 

E=JEl2+E22 +EJ 

Page : 6/ /1 

TemplalιACR. DDD.N. Yl~ II1VGB. ISSUιCOMOSAR Probe 1'1 

Standard 
Uncertainty (%) 
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5.4 1SOTROPY 
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Isolropy curve 

~， 
/ 

~.8 
ν 

h ν 
.10 

t~o -0'.8 .(J'_r, .lù, -0'.2 .0:00:1010:30:'0:￥白O:70:S 0Jl:0 ! 
hotroov:+户1 . 1 6% 1.'.O.05dB\ 

Pα'ge : 9/ 11 

T凹nplale_ACR.DDD.N. YJ'飞 IIIVG8. ISSUE_COiI10SAR Probe 1'1 

Ref: ACR.197.12.23.BES.A 

rl1is dOCllllle时 slmllllO l be reprodllced. excepl ;n fllll Or ;11 parl. lI';lllOlIllI1e lI'rillel1 α'Ppro1'0 1 0fMVG. rl1e ;l1f orllla l;ol1 cOllla;l1ed I1ere;l1 ;s 10 be IIsed 
ol1l)'for lI1e plllposefor 1I'I1;cI1 ;I;s sllbl 







Page: 1/14 

 

 

 

 

 

 

 

 

 

 

 

            Ref : ACR.202.4.21.BES.B 

 

                                  Cancel and replace the report ACR.202.4.21.BES.A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   WALTEK TESTING GROUP (SHENZHEN) CO., 

LTD 
1/F., ROOM 101, BUILDING 1, HONGWEI INDUSTRIAL 

PARK, LIUXIAN 2ND ROAD, BLOCK 70 

BAO’AN DISTRICT, SHENZHEN, GUANGDONG , CHINA  

MVG COMOSAR REFERENCE DIPOLE 
FREQUENCY: 5200-5800 MHZ 

SERIAL NO.: SN 02/21 DIP 5G000-543 

Calibrated at MVG 

Z.I. de la pointe du diable 

Technopôle Brest Iroise – 295 avenue Alexis de Rochon 

29280 PLOUZANE - FRANCE 

 

Calibration date: 07/21/2021 

 

 

Accreditations #2-6789 and #2-6814 
Scope available on www.cofrac.fr 

 

Summary: 

This document presents the method and results from an accredited SAR reference dipole calibration 

performed at MVG, using the COMOSAR test bench. The test results covered by accreditation are 

traceable to the International System of Units (SI). 
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1 INTRODUCTION  

This document contains a summary of the requirements set forth by the IEEE 1528, FCC 

KDB865664 D01 and CEI/IEC 62209 standards for reference dipoles used for SAR 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 COMOSAR 5200-5800 MHz REFERENCE DIPOLE 

Manufacturer MVG 

Model SID5000 

Serial Number SN 02/21 DIP 5G000-543 

Product Condition (new / used) New 

 

3 PRODUCT DESCRIPTION  

3.1 GENERAL INFORMATION 

MVG’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, FCC KDB865664 

D01 and CEI/IEC 62209 standards.  The product is designed for use with the COMOSAR test bench 

only. 

 

 

 

 

 

 
 

 

 

 

Figure 1 – MVG COMOSAR Validation Dipole 

 



 

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.202.4.21.BES.B  

 

Page: 5/14 

 
Template_ACR.DDD.N.YY.MVGB.ISSUE_SAR Reference Dipole5GHz vB 

This document shall not be reproduced, except in full or in part, without the written approval of MVG. The information contained herein is to be used 

only for the purpose for which it is submitted and is not to be released in whole or part without written approval of MVG. 
 

 

4 MEASUREMENT METHOD 

The IEEE 1528, FCC KDB865664 D01 and CEI/IEC 62209 standards provide requirements for 

reference dipoles used for system validation measurements.  The following measurements were 

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

4.1 RETURN LOSS REQUIREMENTS 

The dipole used for SAR system validation measurements and checks must have a return loss of -20 

dB or better.  The return loss measurement shall be performed against a liquid filled flat phantom, 

with the phantom constructed as outlined in the fore mentioned standards. A direct method is used 

with a network analyser and its calibration kit, both with a valid ISO17025 calibration.  

4.2 MECHANICAL REQUIREMENTS 

The IEEE Std. 1528 and CEI/IEC 62209 standards specify the mechanical components and 

dimensions of the validation dipoles, with the dimension’s frequency and phantom shell thickness 

dependent.  The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the 

dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2 

mm phantom shell thickness. A direct method is used with a ISO17025 calibrated caliper. 

5 MEASUREMENT UNCERTAINTY 

All uncertainties 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 uncertainties apply to the return loss measurement: 

Frequency band Expanded Uncertainty on Return Loss 

400-6000MHz 0.08 LIN 

5.2 DIMENSION MEASUREMENT 

The following uncertainties apply to the dimension measurements: 

Length (mm) Expanded Uncertainty on Length  

0 - 300   0.20 mm 

5.3 VALIDATION MEASUREMENT 

The guidelines outlined in the IEEE 1528 and CEI/IEC 62209 standards were followed to generate 

the measurement uncertainty for validation measurements.   

Scan Volume Expanded Uncertainty  

1 g 19 % (SAR) 

10 g  19 % (SAR) 
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6 CALIBRATION MEASUREMENT RESULTS 

6.1 RETURN LOSS IN HEAD LIQUID 

 
 

 

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance 

5200 -20.28 -20 50.15  - 9.64 j 

5400 -32.81 -20 52.29  - 0.09 j 

5600 -22.61 -20 53.96  - 6.22 j 

5800 -31.84 -20 49.17  + 2.42 j 

 

6.2 RETURN LOSS IN BODY LIQUID 
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Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance 

5200 -22.52 -20 50.89  - 7.40 j 

5400 -34.95 -20 51.59  + 0.81 j 

5600 -22.92 -20 56.03  - 3.77 j 

5800 -26.66 -20 49.02  + 4.53 j 

 

 

 

6.3 MECHANICAL DIMENSIONS 

Frequency MHz  L mm  h mm d mm  

 required measured required measured required measured 

5000 to 6000 20.6±1 %. 20.78 40.3 ±1 %. 40.41 3.6 ±1 %. 3.58 

 

7 VALIDATION MEASUREMENT  

The IEEE Std. 1528, FCC KDB865664 D01 and CEI/IEC 62209 standards state that the system 

validation measurements must be performed using a reference dipole meeting the fore mentioned 

return loss and mechanical dimension requirements.  The validation measurement must be performed 

against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned 

standards.  Per the standards, the dipole shall be positioned below the bottom of the phantom, with 

the dipole length centered and parallel to the longest dimension of the flat phantom, with the top 

surface of the dipole at the described distance from the bottom surface of the phantom. 

7.1 HEAD LIQUID MEASUREMENT 

 
Frequency 

MHz  
Relative permittivity (r’) Conductivity (σ) S/m 

 required measured required measured 

5000  36.2 ±10 %  4.45 ±10 %  

5100 36.1 ±10 %  4.56 ±10 %  

5200 36.0 ±10 % 34.06 4.66 ±10 % 4.70 

5300 35.9 ±10 %  4.76 ±10 %  

5400 35.8 ±10 % 33.39 4.86 ±10 % 4.91 

5500 35.6 ±10 %  4.97 ±10 %  

5600  35.5 ±10 % 32.77 5.07 ±10 % 5.13 

5700  35.4 ±10 %  5.17 ±10 %  

5800  35.3 ±10 % 32.40 5.27 ±10 % 5.34 

5900  35.2 ±10 %  5.38 ±10 %  

6000  35.1 ±10 %  5.48 ±10 %  
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7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID 

At those frequencies, the target SAR value can not be generic. Hereunder is the target SAR value 

defined by MVG, within the uncertainty for the system validation.   All SAR values are normalized 

to 1 W net power. In bracket, the measured SAR is given with the used input power. 

 

Software OPENSAR V5 

Phantom SN 13/09 SAM68 

Probe SN 41/18 EPGO333 

Liquid Head Liquid Values 5200 MHz: eps' :34.06 sigma : 4.70 

Head Liquid Values 5400 MHz: eps' :33.39 sigma : 4.91 

Head Liquid Values 5600 MHz: eps' :32.77 sigma : 5.13 

Head Liquid Values 5800 MHz: eps' :32.40 sigma : 5.34 

Distance between dipole and liquid  10 mm 

Area scan resolution dx=8mm/dy=8mm 

Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm 

Frequency 5200 MHz 

5400 MHz 

5600 MHz 

5800 MHz 

Input power 20 dBm 

Liquid Temperature 20 +/- 1 °C 

Lab Temperature 20 +/- 1 °C 

Lab Humidity 30-70 % 

 

 

 

Frequency (MHz) 1 g SAR (W/kg)  10 g SAR (W/kg)  

 required measured required measured 

5200 76.50 75.31 (7.53) 21.60 22.23 (2.22) 

5400 - 79.56 (7.96) - 23.40 (2.34) 

5600 - 78.31 (7.83) - 23.25 (2.33) 

5800 78.00 78.05 (7.80) 21.90 22.86 (2.29) 
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SAR MEASUREMENT PLOTS @ 5200 MHz 

 

 

 
 

SAR MEASUREMENT PLOTS @ 5400 MHz 

 

 

 
 

SAR MEASUREMENT PLOTS @ 5600 MHz 
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SAR MEASUREMENT PLOTS @ 5800 MHz 
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7.3 BODY LIQUID MEASUREMENT 

Frequency 
MHz  

Relative permittivity (r’) Conductivity (σ) S/m 

 required measured required measured 

5200 49.0 ±10 % 45.50 5.30 ±10 % 5.63 

5300 48.9 ±10 %  5.42 ±10 %  

5400 48.7 ±10 % 44.78 5.53 ±10 % 5.95 

5500 48.6 ±10 %  5.65 ±10 %  

5600 48.5 ±10 % 44.85 5.77 ±10 % 6.26 

5800 48.2 ±10 % 44.45 6.00 ±10 % 6.58 

 

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID 

Software OPENSAR V5 

Phantom SN 13/09 SAM68 

Probe SN 41/18 EPGO333 

Liquid Body Liquid Values 5200 MHz: eps' :45.50 sigma : 5.63 

Body Liquid Values 5400 MHz: eps' :44.78 sigma : 5.95 

Body Liquid Values 5600 MHz: eps' :44.85 sigma : 6.26 

Body Liquid Values 5800 MHz: eps' :44.45 sigma : 6.58 

Distance between dipole and liquid  10 mm 

Area scan resolution dx=8mm/dy=8mm 

Zoon Scan Resolution dx=4mm/dy=4m/dz=2mm 

Frequency 5200 MHz 

5400 MHz 

5600 MHz 

5800 MHz 

Input power 20 dBm 

Liquid Temperature 20 +/- 1 °C 

Lab Temperature 20 +/- 1 °C 

Lab Humidity 30-70 % 

 

Frequency (MHz) 1 g SAR (W/kg)  10 g SAR (W/kg)  

 measured measured 

5200 72.47 (7.25) 21.16 (2.12) 

5400 79.06 (7.91) 22.85 (2.29) 

5600 78.50 (7.85) 22.96 (2.30) 

5800 72.20 (7.22) 21.13 (2.11) 
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BODY SAR MEASUREMENT PLOTS @ 5200 MHz 

 

 

 
 

BODY SAR MEASUREMENT PLOTS @ 5400 MHz 

 

 

 
 

BODY SAR MEASUREMENT PLOTS @ 5600 MHz 
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BODY SAR MEASUREMENT PLOTS @ 5800 MHz 
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8 LIST OF EQUIPMENT 

 

Equipment Summary Sheet 

Equipment 

Description 

Manufacturer / 

Model 
Identification No. 

Current 

Calibration Date 

Next Calibration 

Date 

Flat Phantom MVG SN-13/09-SAM68 
Validated.  No cal 
required. 

Validated.  No cal 
required. 

COMOSAR Test Bench Version 3 NA 
Validated.  No cal 
required. 

Validated.  No cal 
required. 

Network Analyzer 
Rohde & Schwarz 

ZVM 
100203 05/2019 05/2022 

Network Analyzer – 
Calibration kit 

Rohde & Schwarz 
ZV-Z235 

101223 05/2019 05/2022 

Calipers Mitutoyo SN 0009732 10/2019 10/2022 

Reference Probe MVG EPGO333 SN 41/18  05/2021 05/2022 

Multimeter Keithley 2000  1160271 02/2020 02/2023 

Signal Generator 
Rohde & Schwarz 

SMB 
106589 04/2019 04/2022 

Amplifier  Aethercomm SN 046   
Characterized prior to 
test.  No cal required. 

Characterized prior to 
test.  No cal required. 

Power Meter NI-USB 5680 170100013 05/2019 05/2022 

Directional Coupler Narda 4216-20 01386 
Characterized prior to 
test.  No cal required. 

Characterized prior to 
test.  No cal required. 

Temperature and 
Humidity Sensor 

Testo 184 H1 44220687 05/2020 05/2023 

 

 



Appendix A.  Extended Calibration SAR Dipole 

Referring to KDB865664 D01, if dipoles are verified in return loss (<-20dBm, within 20% of prior calibration), 

and in impedance (within 5 ohm of prior calibration), the annual calibration is not necessary and the calibration 

interval can be extended. 

Justification of Extended Calibration SAR Dipole SWG5500 – serial no. SN 02/21 DIP 5G000-543@5200 MHz 

Head 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -20.28 / 50.15 / 9.64 / 

2022-07-20 -20.22 1.39 51.32 1.17 8.51 1.13 

Body 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -22.52 / 50.89 / 7.40 / 

2022-07-20 -22.35  3.99 49.84 1.05 7.51 0.14 

Justification of Extended Calibration SAR Dipole SWG5500 – serial no. SN 02/21 DIP 5G000-543@5400 MHz 

Head 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -32.81 / 52.29 / 0.09 / 

2022-07-20 -32.52 6.91 52.94 0.65 0.06 0.03 

Body 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -34.95 / 51.59 / 0.81 / 

2022-07-20 -34.79  3.75 52.14 0.55 0.69 0.12 

2023-07-20 -34.63 7.65 53.26 1.67 0.65 0.16 

2023-07-20 -32.29 12.72 53.62 1.33 0.04 0.05 

2023-07-20 -21.95 14.02 49.12 1.77 7.98 0.58 

2023-07-20 -20.04   5.68 52.10 1.95 8.23 1.41 



Justification of Extended Calibration SAR Dipole SWG5500– serial no. SN 02/21 DIP 5G000-543@5600 MHz 

Head 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -22.61 / 53.96 / 6.22 / 

2022-07-20 -23.02  9.01 52.41 1.55  6.41 0.19 

Body 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -22.92 / 56.03 / 3.77 / 

2022-07-20 -23.15 5.16 57.46 1.43 3.56 0.21

The  Return-Loss  is  <-20dB,  and  within  20%  of  prior  calibration;  the  impedance  is  within  5  ohm  of  prior 

calibration. Therefore the value result should support extended. 

Justification of Extended Calibration SAR Dipole SWG5500 – serial no. SN 02/21 DIP 5G000-543@5800 MHz 

Head 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -31.84 / 49.17 /  2.42 / 

2022-07-20 -32.02 4.06 50.47 1.30  2.29 0.13 

Body 

Date of 

Measurement 
Return-Loss (dB) 

Delta 

(%) 

Real Impedance 

(ohm) 
Delta (ohm) 

Imaginary 

Impedance 

(johm) 

Delta 

(johm) 

2021-07-21 -26.66 / 49.02 / 4.53 / 

2022-07-20 -26.25 9.90 48.44 0.58 4.74 0.21 

2023-07-20 -26.11 13.50 47.03 1.99 4.96 0.43 

2023-07-20 -32.33 10.67 51.08 1.91  2.13 0.29 

2023-07-20 -23.49 12.30 57.95 1.92 3.12 0.65

2023-07-20 -23.27 14.10 51.89 2.07  6.69 0.47 
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