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8 LIST OF EQUIPMENT 

Equipment Summary Sheet 

Equipment Manufacturer I 
Identification No. 

Current :\'ext Calibration 
Description Model Calibration Date Date 

SAM Phantom MVG SN-20/09-SAM71 
Validated. No cal ~alidated. No cal 
equired. equired. 

COMOSAR Test Bench Version 3 NA 
Validated. No cal rvalidated. No cal 
equired. equired. 

Network Analyzer 
Rhode & Schwarz 

SN100132 02/2016 02/2019 
ZVA 

Calipers Carrera CALIPER-01 01/2017 01 /2020 

Reference Probe MVG EPG122 SN 18/11 10/2016 10/2017 

Multimeter Keithley 2000 1188656 01/2017 01/2020 

Signal Generator Agilent E4438C MY49070581 01 /2017 01/2020 

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

Power Meter HP E4418A US38261498 01/2017 01 /2020 

Power Sensor HP ECP-E26A US371 81460 01 /2017 01/2020 

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

Temperature and 
Control Company 150798832 10/2015 10/2017 

Humidity Sensor 
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1 Il'iTRODUCTION 

This document contains a suuunary of the requirements set fonh by the IEEE 1528. FCC KDBs and 

CEI/IEC 62209 standards for reference dipoles used for SAR measurement system validations and 

the measurements that were perfonned to verify that the product complies with the fore mentioned 

standards. 

2 DEVICE UNDER TEST 

Device Under Test 

Device Type COMOSAR 1900 MHz REFERENCE DIPOLE 
Manufacturer t-.1VG 
Model SIDJ900 
Serial Number SN 18/1 1 DIPGl53 
Product Condition (new I used) Used 

A yearly calibration interval is recommended. 

3 PRODUCT DESCRIPTION 

3.1 GENERAL INFORMATION 

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528. FCC KDBs and 
CEI/IEC 62209 standards. The product is designed for use with the COMOSAR test bench ouly. 

F igure 1 - MVG COMOSAR Validmion Dipole 
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~ MEASUREMENT METHOD 

The IEEE 1528. FCC KDBs and CEIIIEC 62209 standards provide requirements for reference 
dipoles used for system validation measurements. The following measurements were perfonued 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 retum loss of -20 
dB or better. The return loss measurement shall be perfonned against a liquid filled flat phantom. 
with the phantom constucted as outlined in the fore mentioned standards. 

4.2 MECHANICAL REQUIREMENTS 

The IEEE Std. I 528 and CEI(IEC 62209 standards specify the mechanical component5' and 
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness 
dependent. The COivfOSAR test bench employs a 2 nun phantom shell thickness therefore the 
dipoles sold for use with the COMOSAR test bench comply with the requirements set fo1th for a 2 
mm phantom shell thickne5s. 

5 M.EASUREMENT UNCERTAI NTY 

All unce1tainties listed below represent au expanded uncertainty expressed at approximately the 95% 
confidence level using a coverage factor of k=2. traceable to the Internationally Accepted Guides to 
Measurement Uncenainty. 

5.1 RETURN LOSS 

The following: m1certainties apply to the retum loss measuremeni: 

Frequency band Expanded Uncertainty on Return Loss 

400-60001\Ulz 0.1 dB 

5.1 DIMENSION MEASUREl\ifENT 

The following: uncertainties apply to the dimension measurements: 

Length (mm) Expanded Uncertainty on Length 

3 - 300 0.05 nnu 

5.3 VALIDATION MEASUREMENT 

The guidelines outlined in the IEEE 1528. FCC KDBs. CENELEC EN50361 and CEI/IEC 62209 
standards w f 11 d I f r l nents. ere 0 owe to generate t 1e measurement uncertamty or va 1c atton measure1 

Scan Volume Expanded Uncertainty 

1 g 20.3 % 
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10 g: 20.1 % 

6 CALIBR,\ TIOi\'" MEASUREMENT RESULTS 

6.1 RETURN LOSS AND Il\IPEDANCE IN HEAD LIQUID 

F,equency, MHz 
1800 1820 1840 1860 1880 1 !llO 1920 1 S40 1960 1980 200) 

o-

·10-

·15-

'll 
i;;. ·20-

-25-

-30-

-35-

-40-

Fre uency (;1ffiz) 
1900 

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID 

F1~ency. MHz 

Im edance 
s2 .8 n + 8.1 ·n 

1800 1820 1840 1860 1880 1 !llO 1920 1 S40 1960 1980 200) 
0-

·10-

·15-

'll 
~· -20-

"' 
-25-

-30-

·35-

·40-

Fre uency :\ffiz) Im edance 
1900 -22.99 47.9 n + 6.6 in 

6.3 MECHANICAL DIMENSIONS 

Frequency MH2 

300 

Lmm hmm 

required me-asure-d required measured required 

420.D :t1 %. 250.D ±1 %. 6.35±1 %. 
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450 290 .0±1 %. 166.7 ±1 %. 6.35 ±1 %. 

750 176.0 ±1 %. 100.0 ±1 %. 6 .35 ±1 %. 

835 161.0 ±1 %. 89.8 ±1 %. 3 .6 ±1 %. 

900 149 .0 ±1 %. 83.3 ±1 %. 3 .6 ±1 %. 

1450 89.1 ±1 %. 51.7 ±1 %. 3.6 ±1 %. 

1500 80.5 ±1 %. 50.0 ±1 %. 3.6 ±1 %. 

1640 79.0 ±1 %. 45.7 ±1 %. 3 .6 ±1 %. 

1750 75.2 ±1 %. 42.9 ±1 %. 3.6 ±1 %. 

1800 72.0 ±1 %. 41.7 ±1 %. 3.6 ±1 %. 

1900 68.0 ±1 %. PASS 39.5 ±1 %. PASS 3 .6 ±1 %. PASS 

1950 66.3 ±1 %. 38.5 ±1 %. 3.6 ±1 %. 

2000 64.5 ±1 %. 37.5 ±1 %. 3.6 ±1 %. 

2100 61.0 ±1 %. 35.7 ±1 %. 3.6 ±1 %. 

2300 55.5 ±1 %. 32.6 ±1 %. 3 .6 ±1 %. 

2450 51.5 ±1 %. 30.4 ±1 %. 3.6 ±1 %. 

2600 48.5 ±1 %. 28.8 ±1 %. 3 .6 ±1 %. 

3000 41.5 ±1 %. 25.0 ±1 %. 3 .6 ±1 %. 

3500 37 .0±1 %. 26.4 ±1 %. 3.6 ±1 %. 

3700 34 .7±1 %. 26.4 ±1 %. 3 .6 ±1 %. 

7 VALIDATION MEASUREMENT 

The IEEE Std. 1528, FCC KDBs and CEI/IEC 62209 standards state that the system validation 
measurements must be perfonned using a reference dipole meeting the fore mentioned renirn loss 
and mechanical dimension requirements. The validation measurement must be perform ed against a 
liquid filled flat phantom, with the phantom constrncted 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 fla t 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 
Relative permittivity (Er') Co nductivity (o ) S/m 

MHz 

required measured required measured 

300 45.3 ±5% 0.87 ±5% 

450 43.5 ±5% 0.87 ±5% 

750 4 1.9 ±5% 0.89 ±5 % 

835 41.5 ±5% 0 .90±5% 

900 41.5 ±5 % 0 .97±5% 

1450 40.5 ±5% 1.20 ±5% 

1500 40 .4 ±5 % 1.23 ±5% 

1640 40.2 ±5% 1.31 ±5 % 

1750 40 .1 ±5 % 1.37±5% 
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1800 40.0 ±5 % 1.40 ±5% 

1900 40.0 ±5% PASS 1.40±5 % PASS 

1950 40.0 ±5 % 1.40 ±5% 

2000 40.0 ±5 % 1.40 ±5% 

2100 39.8 ±5 % 1.49 ±5% 

2300 39.5 ±5 % 1.67±5% 

2450 39.2 ±5 % 1.80 ±5 % 

2600 39.0 ±5 % 1.96 ±5% 

3000 38.5 ±5 % 2.40 ±5 % 

3500 37.9 ±5 % 2.91±5 % 

7.2 SAR :MEASUREMENT RESULT WITH HEAD LIQUID 

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements 
should produce the SAR values shown below (for phamom thickness of 2 mm). within the 
uncertainty for the system validation. All SAR values are nonnalized to l W fonvard power. In 
bracket. the measured SAR is given with the used input power. 

Software OPENSAR V4 
Phantom SN 20/09 SAM7 l 
Probe SN 18111 EPG122 
Liquid Head Liquid Values: eps' : 38.5 siema : 1.45 
Distance between dipole center and liquid 10.0uuu 
Area scan resolution dx=8uuu/dy=8nun 
Zoon Scan Resolution dx=811111J/dy=811111J/dz=Snun 
Frequency 1900MHz 
Iuout oower 20dBm 
Liauid Temoeramre 21 °C 
Lab Temperamre 21 °C 
Lab Humidity 45 % 

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

MHz 

required measured required measured 

300 2.85 1.94 

450 4.58 3.06 

750 8.49 5.55 

835 9.56 6.22 

900 10.9 6.99 

1450 29 16 

1500 30.S 16.8 

1640 34.2 18.4 

1750 36.4 19.3 

1800 38.4 20.1 
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1900 39.7 39.88 (3.99) 

1950 40.5 

2000 41.1 

2100 43.6 

BOO 48.7 

2450 52.4 

2600 55.3 

3000 63.8 

3500 67.1 

3700 67.4 

7.3 BODY LIQUID ivIEASUREMENT 

Frequency 
Relative permittivity (Er') 

MHz 

required mea~ured 

150 61.9 ±5 % 

300 58.2 ±5 % 

450 56.7±5 % 

750 55.S ±5 % 

835 55.2 ±5 % 

900 55.0 ±5 % 

915 55.0 ±5 % 

1450 54.0 ±5 % 

1610 53.8 ±S % 

1800 53.3±5% 

1900 53.3 ±5 % PASS 

2000 53.3 ±5 % 

2100 53.2 ±5 % 
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20.5 20.52 (2.05) 

20.9 

21.1 

21.9 

23.3 

24 

24.6 

25.7 

25 

24.2 

6.76-

6.00-·,.,.I-I-HH-+-+-+-+-l--l--l-+-+-

! 4.00-·>-+-.....,>-<---+-+-+-+-+-+--+--+-+--+­

j3001+-+-+-....... ---+-+-+--+-+-+-+-I-<-+--
2.00-·:-+-+->-<---+ ...... -+-+-+-+--+--+-+--+-

1.00--f--t-t-HH--t--t-=!''"+.o.l:::t-+++-
0.50-, 

0 2 a 10 ,'2 u 1
1s ,'a 20 22 24 26 28 30 

ZtmnJ 

Conductivity (o ) S/m 

required measured 

0.80 ±5% 

0.92 ±5% 

0.94 ±5% 

0.96 ±5% 

0.97 ±5% 

1.05 ±5% 

1.06 ±5% 

1.30 ±5 % 

1.40 ±5% 

1.52 ±5 % 

1.52 ±5% PAS.S 

1.52 ±5% 

1.62 ±5 % 

This document shall 11or bt' reprodu<"ed, except in fi1/J or in pan. u'ithout tbc UTilten approval of MVG. 
The i1ifon11an·o11 romained luwein is to be used 011~1'for the pwpose f or which it is s1dm1itted amf fs riot to 
be ,.,,/eased in wliole orpanwirhom m'imm nppmml o/N!VG. 



SAR REFER.ENCE DIPOLE CALIBR<I.TI01' REPORT Ref: ACR 165.5.17.SAJU.A 

2300 52.9 ±5 % 1.81 ±5 % 

2450 52.7±5 % 1.95 ±5 % 

2600 52.5 ±5 % 2.16 ±5 % 

3000 52.0±5 % 2.73 ±5 % 

3500 51.3 ±5 % 3.31 ±5 % 

3700 51.0±5 % 3.55 ±5 % 

5200 49.0 ±10 % 5.30 ±10% 

5300 48.9 ±10 % 5.42 ±10 % 

5400 48.7 ±10 % 5.53 ±10% 

5500 48.6 ±10 % 5.65 ±10 % 

5600 48.5 ±10 % 5.77 ±10% 

5800 48.2 ±10 % 6.00 ±10% 

7.4 SAR MEASURE 1ENT RESULT WITH BODY LIQUID 

Software 
Pham om 
Probe 
Liquid 
Distance between diwle center and liquid 
Area scan resolution 
Zoon Scan Resolution 
Frequency 
Input power 
Liquid Temperanue 
Lab Temperanu·e 
Lab Hum.iditY 

Frequency 

MHz 

1900 

OPENSAR V4 
SN 20/09 SAM7 J 
SN 18111 EPG122 
Body Liquid Values: eps' : 53.3 sie:ma : J.56 
10.0 null 
dx=81mnldy=8111m 
dx=8mm/dy=81mlllclz=Sllll11 
J900MHz 
20dBm 
21 °C 
21 °C 
45 % 

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

measured 

40.38 (4.04) 
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measured 

20.98 (2.10) 
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~ lOO-HH-+-"r-+--t--+--t--f-f-,H-+-+-

2.00-.-IH--I---I---P......_-l-+--l-l-,l-l--l---l--

0.60- , 
0 10 1'2 ,,. 1

1s ,8 20 22 2, 26 28 3l 
Z (rmi) 
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8 LIST OF EQUIPMENT 

Equipment Summary Sheet 

Equipment Manufacturer I 
Identification '.'io. 

Current Next Calibration 
Description '.\1.odel Callbrallon Date Date 

SAM Phantom MVG SN-20/09-SAM71 
Validated. No cal Validated. No cal 
equired. equired. 

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

Network Analyzer Rhode & Schwarz SN100132 02/2016 02/2019 
NA 

Calipers Carrera CALIPER-01 01/2017 01/2020 

Reference Probe MVG EPG122SN 18/11 10/2016 10/2017 

Multimeter Keithley 2000 1188656 01/2017 01 /2020 

Signal Generator Agilent E4438C MY49070581 01/2017 01 /2020 

Amplifier Aethercomm SN046 
Characterized prior to Characterized prior to 
test. No cal required. test. No cal required. 

Power Meter HP E4418A US38261498 01/2017 01/2020 

Power Sensor HP ECP-E26A US37181460 01/2017 01/2020 

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

Temperature and 
Control Company 150798832 10/2015 10/2017 

Humidity Sensor 
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1 INTRODliCTION 

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

CEI/IEC 62209 standards for reference dipoles used for SAR measurement system validations and 

the measurements that were perforn1ed to verify that the product complies with the fore mentioned 

standards. 

2 DEVICE UNDER TEST 

Device Under Test 

Device Type COMOSAR 2450 MHz REFERENCE DIPOLE 
Manufacnu-er MVG 
Model SID2450 
Serial Number SN 18/ 11 DIPJ155 
Product Condition (new I used) Used 

A yearly calibration interval is recommended. 

3 PRODUCT DESCRIPTIO:\" 

3.1 GENERAL INFORMATION 

l\IVG's C01v10SAR Validation Dipoles are built in accordance to the IEEE 1528. FCC KDBs and 
CEI/IEC 62209 standards. The product is designed for use with the COMOSAR test bench only. 
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~ MEASUREMENT METHOD 

The IEEE 1528. FCC KDBs and CEI/IEC 62209 standards provide requirements for reference 
dipoles used for system validation measurements. The following measurements were perfom1ed 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 perfo1med against a liquid fi lled flat phantom. 
with the phantom constucted as outlined in the fore mentioned standards. 

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 dimensions frequency and phantom shell thickness 
dependent. The COlvfOSAR 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 
nun phantom shell thickness. 

5 MEASUREMENT UNCERTAINTY 

All uncertainties listed below represent an expanded unce11ainty 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 0.1 dB 

5.2 DIMENSION MEASUREMENT 

The following unce11ainties apply to the dimension measurements: 

Length(mm) Expanded Uncertainty on Length 

3 - 300 0.05 llllll 

5.3 VALIDATION MEASUREMENT 

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN5036I and CEI/IEC 62209 
standards were followed to oenerate the measurement uncertaintv for validation measurements. -

Scan Volume Expanded Uncertainty 

1 g 20.3 % 
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6 CALIBRATION MEASUREMENT RESPLTS 

6.1 RETURN LOSS AND HdPEDANCE rN HEAD LIQUID 

'B 

2350 
o-

-5-

·10-

-15-

-20-

- · -25-
;;; 

-30-

-35-

-40-

·45-

-50-

Fre uency (Milz) 
2450 

Frequency. MHz 
2380 2400 2420 2440 2460 2480 2500 2520 

6.2 RETUR.t~ LOSS AND Ir-. IPEDANC'E rN BODY LIQUID 

2350 
o.o-
·25-

-5.0-

-7.5-

·10.0-

'B -125-

- · -15.0-

;;; ·17.5-

-20.0-

·22.5-

-25.0-

·27.5-

-30.0-

Fre uency ('.Vlllz) 
2450 

Frequency. MHz 
2380 2400 2420 2440 2460 2480 2500 2520 

-20 

6.3 MECHANICAL DIMENSIONS 

Frequency M Hz L mm hmm 

required measured requir@d measured 

300 420.0 H %. 250.0 ±1 %. 

PngC': 6111 

Ref: ACR. 165.7.17.SATIT.A 

2550 

Im ,edance 
50.3 Q + 1.9 jQ 

2550 

Im >edance 
54.o n + 2.3 ·n 

d mm 

required measured 

6.35 ±1 %. 

n11.1 docmne11t shall tier be_1't!pJ"Oduced, t!:xcept iu fit/} o,· in pnn. mthour the. w,imm appro,·al of),!VG. 
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450 290.0 ±1 %. 166.7 ±1 %. 6.35 ±1 %. 

750 176.0±1 %. 100.0 ±1 %. 6.35 ±1 %. 

835 161.0±1 %. 89.8 ±1 %. 3.6 ±1 %. 

900 149.0 ±1 %. 83.3 ±1 %. 3.6±1 %. 

1450 89.1 ±1 %. 51.7 ±1 %. 3.6 ±1 %. 

1500 80.5±1 %. 50.0±1 %. 3.6 ±1 %. 

1640 79.0±1 %. 45.7 ±1 %. 3.6 ±1 %. 

1750 75.2 ±1 %. 42.9±1 %. 3.6 ±1 %. 

1800 72.0±1%. 41.7 ±1 %. 3.6 ±1 %. 

1900 68.0±1 %. 39.5 ±1 %. 3.6±1 %. 

1950 66.3 ±1%. 38.S ±1 %. 3.6 ±1 %. 

2000 64.5±1 %. 37.5 ±1 %. 3 .6 ±1 %. 

2100 61.0 ±1 %. 35.7±1 %. 3.6 ±1 %. 

HOO 55.5 ±1 %. 32.6 ±1 %. 3.6±1 %. 

2450 51.5 ±1 %. PASS 30.4 ±1 %. PASS 3.6±1 %. PASS 

2600 48.5 ±1 %. 28.8 ±1 %. 3 .6±1 %. 

3000 41.5 ±1 %. 25.0±1 %. 3.6 ±1 %. 

3500 37.0±1 %. 26.4 ±1 %. 3.6±1 %. 

3700 34.7±1 %. 26.4 ±1 %. 3.6 ±1 %. 

7 VALIDATION MEASUREMENT 

The IEEE Std. 1528, FCC KDBs and CEI/IEC 62209 standards state that the system validmion 
measurements must be perfonned using a reference dipole meeting the fore mentioned return loss 
and mechanical dimension requirements. The validation measurement must be perfonned against a 
liquid filled flat phantom, with the phantom constrncted 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 MEASUREME1\TT 

Frequency 
Relative permittivity (E() Conductivity (o) S/m MHz 

required measured required measured 

300 45.3 ±5 % 0.87±5% 

450 43.5 ±5% 0.87 ±5 % 

750 41.9 ±5 % 0.89±5% 

835 41.S ±S % 0.90±5% 

900 41.5 ±5 % 0.97 ±5 % 

1450 40.5 ±5 % 1.20±5 % 

1500 40.4 ±5 % 1.23±5% 

1640 40.2 ±5 % 1.31 ±5 % 

1750 40.1 ±5 % 1.37 ±5 % 
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1800 40.0±5% 1.40 ±5% 

1900 40.0±5% 1.40 ±5 % 

1950 40.0±5% 1.40 ±5 % 

2000 40.0 ±5 % 1.40 ±5 % 

2100 39.8±5% 1.49 ±5% 

2300 39.5 ±5 % 1.67 ±5 % 

2450 39.2 ±5 % PASS 1 .80 ±5% PASS 

2600 39.0±5 % 1.96±5 % 

3000 38.5 ±5 % 2.40 ±5 % 

3500 37.9±5% 2.91 ±5 % 

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID 

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements 
should produce the SAR values shown below (for phantom thickness of 2 nun). within the 
11nce1tainty for the system validation. All SAR values are nonnalized to 1 W fo1w ard power. lll 
bracket, the measured SAR is given with the used input power. 

Software OPENSAR V4 
Pham om SN 20/09 SAM7 l 
Probe SN 18/ 11 EPG122 
Liquid Head Liquid Values: eps·: 37.5 sigma : I.SO 
Distance between dipole center and liquid 10.0 llllll 
Area scan resolution dx=Smmldy=Smm 
Zoon Scan Resolution dx=5uun/dy=5mmldz=5mm 
Frequency 2450MHz 
Input power 20dBm 
Liquid Temperanu·e 21 °C 
Lab Temperanu·e 21 °C 
Lab Humidity 45 % 

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

MHz 

required measured required measured 

300 2.85 1.94 

450 4.58 3.06 

750 8.49 5.55 

835 9.56 6.22 

900 10.9 6.99 

1450 29 16 

1500 30.5 16.8 

1640 34.2 18.4 

1750 36.4 19.3 

1800 38.4 20.1 
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1900 39.7 

1950 40.5 

2000 41.1 

2100 43.6 

2300 48.7 

2450 52.4 53.18 {5.32) 

2600 55.3 

3000 63.8 

3500 67.1 

3700 67.4 

7.3 BODY LIQUID MEASUREMENT 

Frequency 
Relative permittivity (E/ ) 

MHz 

required measured 

150 61.9 ±5 % 

300 58.2 ±5 % 

450 56.7 ±5 % 

750 55.5 ±5 % 

835 55.2 ±5 % 

900 55.0±5 % 

915 55.0±5 % 

1450 54.0±5% 

1610 53.8 ±5 % 

1800 53.3 ±5 % 

1900 53.3 ±5 % 

2000 53.3 ±5 % 

2100 53.2 ±5 % 
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20.5 

20.9 

21.1 

21.9 

23.3 

24 23.97 {2.40) 

24.6 

25.7 

25 

24.2 

800-f-'r-f-f-f-1--1--1--1--f-,f-,f-,--f--f~ 

J&oo-+- +-",-+-+-+--+--+--+--+----<--<--<--<~ 

~ , .OO-·>-+--,_..,,...-+-+--+--+--+--+-+-+-+-+--

• 6 ,h ,2 1
1
4 16 18 20 'Z2 24 26 28 l) 

Z(ll'WTl) 

Conductivit y (o) S/m 

required measured 

0.80 ±5% 

0.92 ±5% 

0.94±5% 

0.96 ±5% 

0.97 ±5 % 

1.05 ±5 % 

1.06±5% 

1.30±5% 

1.40±5% 

1.52 ±5 % 

1.52 ±5 % 

1.52 ±5 % 

1.62 ±5 % 
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2300 52.9 ±5 % 1.81 ±5 % 

2450 52.7 ±5 % PASS 1.95±5 % PAS.S 

2600 52.5 ±5 % 2.16±5 % 

3000 52.0 ±5 % 2.73±5% 

3500 51.3 ±5 % 3.31 ±5 % 

3700 51.0 ±5 % 3.55±5% 

5200 49.0±10% 5.30 ±10% 

5300 48.9 ±10 % 5.42 ±10% 

5400 48.7 ±10 % 5.53 ±10 % 

5500 48.6 ±10 % 5.65 ±10 % 

5600 48.5 ±10 % 5.77 ±10% 

5800 48.2 ±10 % 6.00±10% 

7.4 SAR MEASURE1V1ENT RESULT WITH BODY LIQUID 

Software 
Phamom 
Probe 
Liquid 
Distance between dipole cemer and liquid 
Area scan resolution 
Zoon Scan Resolution 
Frequency 
Input power 
Liquid Temperanu-e 
Lab Temperanu-e 
Lab Humiditv 

F,.,quency 
MHz 

2450 

OPENSAR V4 
SN 20/09 SAM7 J 
SN 18/ l J EPGJ22 
Body Liquid Values: eps· : 53.2 si!!llm: 1.89 
10.0 nun 
dx=8nun/dy=8nun 
clx= 5 mm/dy= Smm/ dz= 5 nuu 
2450 MHz 
20dBm 
21 °C 
2! °C 
45% 

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

measured 

52. 73 (5.27) 
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measured 

24.27 (2.43) 

8 10 12 14 ,~ ~ ~ ~ ~ 
Z[r,rnJ 

Thi..1 docum,mr shoJJ nor be reproduced, excepr in fi,ll or in pan, without rlie 1r1ilflm oppro1'al of MVG. 
TI1e i,ifo,mation n:mfoinetl hr:rei,, is to be used 011(rfor rite purpost:fo,· n4:,dr ir Lf s11bmirted and is not ro 
be ,-elensed iH whole 01·pnn wirl,out ururr:n appmval of kfl7G. 



SAR REITREJ\"CE DIPOLE CALIBR-lTIO!\ REPORT Ref: ACR.165.7.17.SATU.A 

8 LIST OF EQUIPMENT 

Equipment Summary Sheet 

Equipment Manufacture-r I lcle-ntlflcation :\"o. C'urre-nt ~ext Calibration 
De-scription ~foci el Calibration Date Date-

SAM Phantom MVG SN-20/09-SAM71 
11/alidated. No cal Validated. No cal 
required. equired. 

COMOSAR Test Bench Version 3 NA 
11/alidated. No cal Validated. No cal 
required. equired. 

Network Analyzer Rhode & Schwarz SN100132 02/2016 02/2019 
ZVA 

Calipers Carrera CALIPER-01 01/2017 01/2020 

Reference Probe MVG EPG122 SN 18/11 10/2016 10/2017 

Multimeter Keithley 2000 1188656 01/2017 01/2020 

Signal Generator Agilent E4438C MY49070581 01/2017 01 /2020 

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

Power Meter HP E441 8A US38261498 01/2017 01 /2020 

Power Sensor HP ECP-E26A US37181460 01/2017 01/2020 

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

Temperature and 
Control Company 150798832 10/2015 10/2017 Humidity Sensor 
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SIEMIC TESTING AND CERTIFICATION 
SERVICES 

ZONE A,FLOOR !,BUILDING 2,\VAN YE LONG 
TECHNOLOGY PARK,SOUTH SIDE OF ZHOUSHI ROAD, 
SHIYAN STREET,BAO'AN DISTRICT, SHENZHEN 518108, 

GUANGDONG, P.R.C. 

I 

MVG COMOSAR REFERENCE DIPOLE 
FREQUENCY: 2600 MHZ 
SERIAL NO.: SN 26/14 DIP2G600-326 

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

Summary: 

This doctunem presents the method and results from an accredited SAR reference dipole calibration 
perfonned in MVG USA using the COMOSAR test bench. All calibration results are traceable to 
national merrology instinnions. 
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1 l:\'TRODUCTION 

This document contains a sunllnmy of the requirements set forth by the IEEE 1528, FCC KDBs and 

CEI/IEC 62209 standards for reference dipoles used for SAR measurement system validations and 

the measurements that were perfonned to verify that the product complies with the forl!' mentioned 

standards. 

2 DEVICE U:NDER TEST 

Device Under Test 

Device Type COMOSAR 2600 MHz REFERENCE DIPOLE 
Manufacturer MVG 
Model SID2600 
Serial Number SN 26/14 DIP2G600-326 
Product Condition (new I used) Used 

A yearly calibration interval is recommended. 

3 PRODUCT DESCRIPTION 

3.1 GENERAL INFORMATION 

MVG's COMOSAR Validation Dipoles are built in accordance to the IEEE 1528. FCC KDBs and 
CEIIIEC 62209 standards. The product is designed for use with tile COMOSAR test bench only. 

Figure 1 - MVG COJ\!IOS.A.R Validnrion Dipole 
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~ MEASUREMENT METHOD 

The IEEE 1528. FCC KDBs and CEI/IEC 62209 standards provide requirements for reference 
dipoles used for system validation measurements. The following measurements were perfonned 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 perfonned against a liquid filled flat phantom, 
with the phantom constucted as outlined in the fore mentioned standards. 

4.2 MECHANICAL REQUIREMENTS 

The IEEE Std. 1528 and CEIIIEC 62209 standards specify the mechanical components and 
dimensions of the validation dipoles. with the dimensions frequency and phantom sliell thickness 
dependent. The COMOSAR test bench employs a 2 111111 phantom shell thickness therefore the 
dipoles sold for use with the COMOSAR test bench comply with the requirement~ set f011h for a 2 
mm phantom shell thickness. 

5 MEASUREMENT U.KCERTAINTY 

All uncenainties 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 Uncenainty. 

5.1 RETURN LOSS 

The following uncertainties apply to the reh1111 loss measuremeut: 

Frequency band Expanded Uncertainty on Retum Loss 

400-6000MHz 0.1 dB 

5.2 DIMENSION MEASUREMENT 

The following uncenainties apply to tl1e dimension measmements: 

Length (mn1) Expanded Uncertainty on Length 

3 - 300 0.05 nun 

5.3 VALIDATION MEASUREMENT 

TI1e guidelines outlined in the IEEE 1528. FCC KDBs. CENELEC EN50361 and CEIIIEC 62209 
standards w £ 11 d 1 · £ I'd · 1ents. ere. o owe to 2enerate t 1e measurement unce11amty or va 1 at1011 measuren 

Scan Volume Expanded l:ncertainty 

l g 20.3 '7o 
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10 g 20.1 % 

6 CALIBRATI0. 1 MEASUREME!'ff RESULTS 

6.1 RETURN LOSS AND HvfPEDANCE IN HEAD LIQUID 

Frequency. MHz 
2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700 
0-

·10-

·15-

'fl 
...: ·20-
;;:; 

·25-

·3'5-

-40-

Fre uency (i\ffiz) Im >edance 
2600 52.l Q + 4.5 jQ 

6.2 RETURN LOSS Al'JD IMPEDANCE IN BODY LIQUID 

Frequency. MHz 

2520 2540 2560 2580 2600 2620 2640 2660 2680 2700 

Fre uency (MHz Im >edance 
2600 47.3 n + 3.o ·n 

6.3 MECHANICAL DIMENSIONS 

Frequency MHz 

300 

Lmm h mm 

required measured required measured required 

420.0 ±1 %. 250.0 tl %. 6.35 ±1 %. 
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450 290.0±1 %. 166.7 ±1 %. 6.35 ±1 %. 

750 176.0±1 %. 100.0±1 %. 6.35 ±1 %. 

835 161.0±1 %. 89.8 ±1 %. 3.6 ±1 %. 

900 149.0±1 %. 83.3 ±1 %. 3.6±1 %. 

1450 89.1 ±1 %. 51.7 ±1 %. 3.6±1 %. 

1500 80.5 ±1 %. 50.0±1 %. 3.6±1 %. 

1640 79.0±1 %. 45.7 ±1 %. 3.6±1 %. 

1750 75.2 ±1 %. 42.9 ±1 %. 3.6±1 %. 

1800 72.0±1 %. 41.7 ±1 %. 3.6±1 %. 

1900 68.0±1 %. 39.5 ±1 %. 3.6±1 %. 

1950 66.3 ±1 %. 38.5 ±1 %. 3.6±1 %. 

2000 64.5 ±1 %. 37.5 ±1 %. 3.6±1 %. 

2100 61.0±1 %. 35.7 ±1 %. 3.6±1%. 

2300 55.5 ±1 %. 32.6±1 %. 3.6 ±1 %. 

2450 51.5 ±1 %. 30.4 ±1 %. 3.6±1 %. 

2600 48.5 ±1 %. PASS 28.8±1 %. PASS 3.6±1 %. PASS 

3000 41.5 ±1 %. 25.0 ±1 %. 3.6 ±1 %. 

3500 37.0±1 %. 26.4 ±1 %. 3.6±1 %. 

3700 34.7±1 %. 26.4 ±1 %. 3.6 ±1 %. 

7 VALIDATION MEASUREME 'T 

The IEEE Std. 1528. FCC KDBs and CEVIEC 62209 standards state that the system valid11tion 
measurements must be perfonned using a reference dipole meeting the fore mentioned return loss 
and mechanical dimension requirements. The validation measurement must be pe1fonned against a 
liquid filled flat phantom, with the phantom constrncted 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 
Relative permittivity (t,') Conductivity (o ) S/m 

MHz 

required measured required measured 

300 45.3 ±5 % 0.87±5% 

450 43.5±5% 0.87±5% 

750 41.9 ±5 % 0.89 ±5% 

835 41.5 ±5 % 0.90±5% 

900 41.5 ±5 % 0.97 ±5% 

1450 40.5 ±5 % 1.20±5 % 

1500 40.4±5 % 1.23±5% 

1640 40.2 ±5 % 1.31 ±5 % 

1750 40.1 ±5 % 1.37 ±5 % 
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1800 40.0 ±5 % 1.40 ±5 % 

1900 40.0 ±5 % 1.40 ±5 % 

1950 40.0±5 % 1.40 ±5 % 

2000 40.0 ±5 % 1.40 ±5 % 

2100 39.8 ±5% 1.49 ±5 % 

2300 39.5 ±5 % 1.67 ±5 % 

2450 39.2±5 % 1.80±5% 

2600 39.0 ±5 % i>ASS 1.96±5 % i>ASS 

3000 38.5 ±5 % 2.40±5 % 

3500 37.9 ±5 % 2.91 ±5 % 

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID 

The IEEE Std. 1528 and CEI/IEC 62209 standards state that tl1e system validation measurements 
should produce the SAR values shown below (for phantom thickness of 2 nun). within the 
uncertainty for the system validation. All SAR values are normalized to 1 W fo1ward power. In 
bracket. the measured SAR is given with the used input power. 

Software OPENSAR V4 
l'hamom SN 20/09 SAM71 
Probe SN 18/ 11 EPG122 
Liquid Head Liquid Values: eps' : 39.8 siwia : 1.99 
Distance between dipole center and liquid l 0.0 llllll 
Area scan resolntion clx=8mm/dr-8mm 
Zoon Scan Resolution clx=SnlllJ/dy=SmnJ/dz=Smm 
Frequency 2600MHz 
lnpnt power 20dBm 
Liquid Temoeranu-e 21 °C 
Lab Temperamre 21 °C 
Lab HumiditV 45 % 

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

MHz 

required measured required measured 

300 2.85 1.94 

450 4.58 3.06 

750 8.49 5.55 

835 9.56 6.22 

900 10.9 6.99 

1450 29 16 

1500 30.5 16.8 

1640 34.2 18.4 

1750 36.4 19.3 

1800 38.4 20.1 
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1900 39.7 

1950 40.5 

2000 41.1 

2100 43.6 

2300 48.7 

2450 52.4 

2600 55.3 54.89 (5.49) 

3000 63.8 

3500 67.1 

3700 67.4 

7.3 BODY LIQUID MEASUREMENT 

Frequency 
Relative permittivity (i:,') 

MHz 

required measured 

150 61 .9 ±5 % 

300 58.2 ±5% 

450 56.7±5% 

750 55.5 ±5 % 

835 55.2 ±5 % 

900 55.0 ±5% 

915 55.0 ±5 % 

1450 54.0 ±5 % 

1610 53.8 ±5 % 

1800 53.3 ±5 % 

1900 53.3 ±5 % 

2000 53.3 ±5 % 

2100 53.2 ±5 % 
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20.5 

20.9 

21.1 

21.9 

23.3 

24 

24.6 24.15 {l.42) 

25.7 

25 

24.2 

000+-+-+-+-+-1--1-11-1-+-+-+-+-+-+­

! &OO+-+-'k-+-+-!--f-1f-1--I--I-+-+-+-+­

~ • oo+-+-!--"""-+-+-+--+---+-+-+-1--1-+-

,'o 12 u 16 ,'e 'lO '22 24 2S 28 30 
Z(mm) 

Conductivity (o) 5/ m 

required measured 

0.80 ±5 % 

0.92 ±5 % 

0 .94 ±5 % 

0.96 ±5 % 

0.97 ±5 % 

1.05 ±5 % 

1.06 ±5 % 

1.30 ±5 % 

1.40 ±5 % 

1.52 ±5 % 

1.52 ±5 % 

1.52 ±5 % 

1.62 ±5 % 
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2300 52.9 ±5 % 1.81 ±5 % 

2450 52.7 ±5 % 1.95 ±5 % 

2600 52.5 ±5 % PASS 2.16±5 % PASS 

3000 52.0 ±5 % 2.73 ±5 % 

3500 51.3±5% 3.31 ±5 % 

3700 51.0±5 % 3.55 ±5 % 

5200 49.0±10% 5.30 ±10% 

5300 48.9 ±10% 5.42 ±10% 

5400 48.7 ±10% 5.53 ±10% 

5500 48.6 ±10% 5.65 ±10% 

5600 48.5 ±10% 5.77 ±10% 

5800 48.2 ±10% 6.00±10% 

7.4 SAR MEASUREMENT RESULT WITH BODY LIOIBD 

Software 
Phantom 
Probe 
Liquid 
Distance between dioole center and liouid 
Area scan resolution 
Zoon Scan Resolution 
Frequency 
Input µower 
Liquid Temµeranu-e 
Lab Temperanu·e 
Lab Humiditv 

Frequency 
MHz 

2600 

I 

"'"""' 
~ 
l -4· -

...;.:::..:;:._ 

OPENSARV4 
SN 20/09 SAM7 l 
SN 18/ 11 EPG122 
Body Liquid Values: eµs' : 52.5 sigma : 2.23 
l 0.0 mm 
clx=8mm.ldv=8mm 
dx=Suuu/dy=05nun/dz=5uun 
2600MHz 
20 dBm 
21 °C 
21 °C 
45 % 

1 g SAR (W /kg/WJ 10 g SAR (W/kg/W) 

measured 

54.23 (5.42) 
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8 LIST OF EQUIPMENT 

Equipment Summary Sheet 

Equipment '.\'lanufacturer I ldentiflcatlon ~o. Current :'/ext Calibration 
Description Model Calibration Date Date 

SAM Phantom MVG SN-20/09-SAM71 
1/alidated. No cal Validated. No cal 
equired. equired. 

COMOSAR Test Bench Version 3 NA 
j\/alidated. No cal Validated. No cal 
equired. equired. 

Network Analyzer Rhode & Schwarz 
SN100132 02/2016 02/2019 ZVA 

Calipers Carrera CALIPER-01 01/2017 01/2020 

Reference Probe MVG EPG122 SN 18/11 10/2016 10/2017 

Multimeter Keithley 2000 1188656 01/2017 01/2020 

Signal Generator Agilent E4438C MY49070581 01/2017 01/2020 

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

Power Meter HP E4418A US38261498 01/2017 01/2020 

Power Sensor HP ECP-E26A US37181460 01/2017 01/2020 

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

Temperature and 
Control Company 150798832 10/2015 10/2017 Humidity Sensor 
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SATIMO Calibration Certificate-Extended Dipole Calibrations
According to KDB865664 D01, Dipoles must be recalibrated at least once
every three years; however, immediate re-calibration is required for following
conditions. The test laboratory must ensure that the required supporting
information and documentation have been included in the SAR report to qualify
for extended 3-year calibration interval.
1) When the most recent return-loss, measured at least annually, deviates by

more than 20% from the previous measurement (i.e. 0.2 of the dB value) or
not meeting the required -20 dB return-loss specification

2) When the most recent measurement of the real or imaginary parts of the
impedance, measured at least annually, deviates by more than 5Ω from the
previous measurement

Dipole Verification plot: SID 835 SN 18/11 DIPC150
835MHz for Head:

835MHz for Body:



Dipole Verification plot: SID 1800 SN 18/11 DIPF152
1800MHz for Head:

1800MHz for Body:



Dipole Verification plot: SID 1900 SN 18/11 DIPG153
1900MHz for Head:

1900MHz for Body:



Dipole Verification plot: SID 2450 SN 18/11 DIPJ155
2450MHz for Head:

Dipole Verification plot: SID 2450 SN 18/11 DIPJ155
2450MHz for Body:



Dipole Verification plot: SID 2600 SN 26/14 DIP 2G600-326
2600MHz for Head:

2600MHz for Body:



The measuring results are shown as below.

Tissue
Type

Frequency
(MHz)

Return- Loss
（dB）

Real
Impedance

（Ω）

Targeted
Return- Loss

（dB）

Targeted
Real

Impedance
（Ω）

Deviation
Return- Loss

（dB）

Deviation
Real

Impedance
（Ω）

Date

HL850 835 -25.035 46.565 -23.570 50.00 -1.465 -3.44 Jun. 08, 2018

HL1800 1800 -25.887 49.008 -25.290 50.00 -0.597 -0.99 Jun. 08, 2018

HL1900 1900 -21.819 46.950 -21.610 50.00 -0.209 -3.05 Jun. 08, 2018

HL2450 2450 -35.529 49.189 -34.340 50.00 -1.189 -0.81 Jun. 08, 2018

HL2600 2600 -26.894 47.504 -26.300 50.00 -0.594 -2.50 Jun. 08, 2018

BL850 835 -27.150 47.207 -27.710 50.00 0.560 -2.79 Jun. 08, 2018

BL1800 1800 -23.107 48.728 -24.570 50.00 1.463 -1.27 Jun. 08, 2018

BL1900 1900 -22.188 47.834 -22.990 50.00 0.802 -2.17 Jun. 08, 2018

BL2450 2450 -28.221 48.533 -27.130 50.00 -1.091 -1.47 Jun. 08, 2018

BL2600 2600 -28.242 48.683 -27.680 50.00 -0.562 -1.32 Jun. 08, 2018

According to up table, the return loss is <-20dB, deviates by less than
20% from the previous measurement; the real Impedance are all within 5
Ω compared to the required Impedance (50 Ω).
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