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2450 527 15% PASE 19515 % PASS
2600 52515% 21615 %
3000 520315% 27345 %
3500 51335% 33145%
3700 51.0i5% 35515 %
3200 43.0 10 % 5.30:10%
5300 4g.9 +10% 5.42 #10%
5400 43,7 £10% 553 t10%
5500 486 £10% 5.65 t10%
3600 485 10% 577 0%
SE0OQ 432 £10% 5.00 £10 %

74 SARE MEASUREMENT RESULT WITH BODY LIQUID

Sofiware OPENSAR V4

Phantom SN 2009 SAMTI

Probe SN 18/11 EPG122

Ligmd Body Liqud Values: eps’ : 54.6 sigma - 1.95

Distance between dipole center and ligmd

100 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=5mm/dv="mm /dz=5mm

Frequency 2450 MH=
Input power 20 dBm
Ligmd Temperature 21=C

Lab Temperature 21 =C

Lab Humdity 45 %

Fraquen
EﬂH, ¥ 1 g SAR [W/kg/ W) 10 g SAR [W/kg/ W)
measured measured
2450 51.42 (5.14) 23.48 (235)
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8 LIST OF EQUIPMENT

Equipment Summary Sheel
Equipment Manufactrer / Identification No Current Nexr Calibradon
Description Model "| Calibration Date Date
SAM Phaniom MVE SN-30/09-SAM71 |alidated. No cal Validated.  No cal
required. required.
COMOSAR TestBench|  Version 3 NA Veldsted. Nocal  Veldsled.  No call
required. required.
Network Analyzer R“““‘z"‘vi""*m SN100132 0212016 02/2019
Calipers Carrera CALIPER-D1 0172017 01r2020
Reference Probe MY G EPG122 SN 18M11 1072017 1072018
Multimeter Keithley 2000 1188656 012017 0172020
Signal Generator Agilent E4438C MY 49070581 0152017 012020
" Characterized prior to (Characterized prior to
Ampiier Asthurcomm SN 048 test. Mo cal required. |[test. No cal required.
Power Meter HP E44184 LIS35261498 012017 0172020
Power Sensor HP ECP-E26A US37181460 01/2017 0172020
- Characterized prior to |{Characterized prior to
Directional Coupler MNarda 4216-20 01386 test. No cal required. [test. No cal required
Temperature and
Humidity Sensor Control Company 150798832 112017 1172020
Paga:- 11/1]
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SID2600 Dipole Calibration Report

SAR Reference Dipole Calibration Report

Ref: ACR332.10.17SATUA

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO.,LTD
ELECTRONIC TESTING BUILDING, NO. 43 SHAHE ROAD,
XILI JIEDAO, NANSHAN DISTRICT
SHENZHEN, GUANGDONG, CHINA
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 2600 MHZ
SERIAL NO.: SN 32/14 DIP 2G600-338

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

""l.l'_. e

Calibration Date: 11/27/17

Summary:

Thes document presents the method and results fom an accredited SAR reference dipole calibraton
performed in MVG USA uwsing the COMOSAR test bench  All cahbration results are traceable to

national metrology wnstitutions
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SAR REFERENCE DIFOLE CALIBRATION REPORT Ref ACRIIZIDITSATUA

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CELIEC 62209 standards for reference dipoles used for SAR measurement system validations and
the measurements that were performed to venfy that the product complies with the fore mentioned
standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID2600
Serial Number SN 32/14 DIP 2G600-338
Product Condition (new /used) | Used

A vyearly calibration mterval is recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

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

Figure 1 — M1'G COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1328, FCC KDBs and CELIEC 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 menfioned standards.

4.1 BRETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a refurn loss of -20
dB or better. The return loss measurement shall be performed against a liguid filled flat phantom,
with the phantom constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE 5td. 1528 and CELTIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions 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.

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.

51 RETUURN LOSS
The following vncertainties apply to the refurn loss measurement:

Erequency band Expanded Uncertainty on Return Loss
400-6000MHz 0.1dB

5.2 DIMENSION MEASURFMENT

The following vncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 0.05 mm

53 NVALIDATION MEASUREMENT

The guidelines outlined in the IFFE 1528 FCC EDBs, CENELEC EN30361 and CELTEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10 g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDAMCE IN HEAD LIQUID
wohany. MHE
250 A0 1540 Je0 ZEe0 2600 A0 26dD ZeED JREOD 27D

Frequency (MHz) Remun Loss (dB) Requirement (dB) Impedance
2600 -30.33 -20 33.10-0.7102
6.2 { LOSS AN ANCE IN [
e ey, Mz
EOSN OIS0 S0 E0 A0 M0 XdaD RN JERD 27N
Frequency (MHz) Remon Loss (dB) Requirement (dB) Impedance
2600 -33.55 -20 4040-21102
6.3 MECHANICAL DIMENSIONS
Freqguency MHz L mm h mm d mm
required measured required measured required measured
300 420051 % 25008 % 6.35 1%
Page:- 60/11
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450 200051 %. 18657 H1%. E3511%.
750 176051 % 100.0 %1 % 635115
aas lgio021% B9t %, 1851 %
200 148051 %. 83311 %, st %
1450 BO1 %1%, S1.7 %1%, It
1500 BO.S 21 % 50,0 *1 %, 18%1 %
1640 7T041% 457 £1%, It %
1750 75211%. 42041 %, It
1800 TEOEL N, FIRELY 16N
1900 BE0 1% 395 +1 %, 16+1%
1950 663 £1%. 385 £1%. IfH1 %
2000 B45%1%. 37.5 1 %. IHL N
2100 Elot1 % WTH% 1851 %
1300 55541% 3261 %, IsH %
2450 515%1%. 30.4 1 %. I
2600 485 +1% PASS TR PASS 141N Pass
3000 a1541% I5041%, 3%
3500 IO % 641 %, I %
3700 34TH N 6.4+ %, G N

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

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEL'IEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned retum 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 mentoned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
lengih centered and parallel to the longest dimension of the flat phantom with the top surface of the

7.1 HEAD LIQUID MEASURFMFENT
"':"'_I:'“ Rrelative permittivity (s,'] conductivity [a) 5/m
required measured regquired easured
300 a5345% 067 5%
as0 43535% 0E7#5%
750 5% .85 +5 %
B35 a1545% 0.90 $5 %
900 M5H5% 09745%
1250 55 % 130 %5 %
1500 045w 12385 %
1640 WI5% 13145 %
1750 a1+5% 13745 %
Page: 7/11
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1800 40.0+5% 14045 %
1900 20.0+5% 14045 %
1950 0I5 % 130 %
2000 40.045% 14045 %
2100 BN 14545 %
2300 355 % 1675 %
2450 302 45% 1805 %
2600 IWO5H PASS 18645 % PASS
3000 IBS 5% 24045 %
3500 3I79i5% 291i5%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID
The IEEE Std 1528 and CELTEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phanmtom thickness of 2 mm). within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR. is given with the used input power.

Software OPENSAR V4
Fhantom SH 20109 SAMT1
Frobe SN 18/11 EPG122
Ligud Head Liquud Values: eps” - 38.5 sipma - 201
Dhstance berween dipole center and liquad 10.0 mm
Area scan resoluton dx=8mm/dv=8mm
Zoon Scan Resolution x5 oy 5 e dere S e
Freguency 2600 MH=
Izput power 20 dBm
Ligmd Temperatue 21 °C
Lab Temperature 2 *C
| Lab Humidity 45 %
Fremuency 1 £ SAR (W/kg/W) 10 g SR (wikg/w)
required measured required measured
300 185 184
430 4358 308
750 E49 5.55
B3s 856 5.12
00 10.9 6.98
1450 23 16
1500 30.5 168
1640 34.2 184
1750 36,4 183
1800 38.4 201
Page: 8711
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1900 39.7 05
1350 40.5 209
2000 411 211
2100 43.6 1.9
2300 48.7 233
2450 524 23
2600 5.3 55.47(5.55) 2486 24.49(2.45)
3000 63.8 25.7
3500 67.1 25
§700 87.4 243
Il Fe—— ep—— [
s Mot - |
e
i
DS
B \
|
¥ RO [} 0 . N
X v -
£ \‘l-' "4.-_-‘-‘._-
o 1
4 E b W12 Wi S A i
Zi|
7.3 BODY LIQUID MEASUREMENT
"E::"“ Relative permittivity (5. Conductivity (o) 5/m
required measurad required measured
150 618+5% 0LE0 ¥5%
100 B 2+5% 09235 %
450 56.715% Ded 5%
750 55535% 09615 %
CLT] 58 3458 0.97 +5 5%
SO0 S5015% 105 5%
915 5505 % 10615 %
1450 540%5% 13045 %
1610 53 8i5% 14045 %
1800 533i5% 15215%
1300 533+5% 152 +5%
2000 IR ETL e 183 458
2100 53215% 16215%
2300 529315% 1B135%
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1450 52715% 19535 %
2600 5253i5% PASS 21635 % FAS5
3000 52015% 27315%
3500 51315% 33145%
3700 51035 % 35539 %
5200 490 £10'% 530 10 %
5300 489 £10% 5.42 t10%
5400 48.7 210'% 553 t10%
5500 48.6210'% 565110 %
5600 485 £10% 5.77 £10 %
5800 48 2 $10% 6.00 10 %

74 SARMEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phamtom SN 20109 SAMTI

Probe SN 18711 EPG122

Ligud Body Liguid Values: eps’ : 52.0 sigma - 2.16

Dhstance between dipole center and ligud

1000 mom

Bef ACRIZ2I0.175ATUA

Area sean resolution dx=F8 mmm/dv=8pum
Zoon Scan Resolohon dx="5pmemn/dv=Smm 'dz=Smm
Frequency 2600 MH=
Input power 20 dBm
Ligwmd Temperature 21 °C
Lab Temperature 21 *C
Lab Humidity 45 %
”’::"“ 1 g SAR (W/kez/w) 10 g SAR [W/kg/W)
measured measurad
2600 53.45 [5.34) 24.00 [2.40)
) e ey [
!
Jlr it
CrTe
bir
-IT il .\
= b
N
208
[IF H-‘.“-'_"'—
i 1 a1 4 18 ® 1 &
Tieq
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model Calibration Date Date
SaRs De . Sprmmgne s awa—s \/alidated. Mo cal Validated. Mo cal'
- TR [ L= - P = 4 T F'H'q.lll"!‘d rsqutad.
COMOSAR Test Bench|  Version 3 MA Validated. Nocal  [alidated.  No cal
requined. required.
Network Analyzer | 1 04% 2 SERWArE SN100132 0212016 022019
Calipers Carrera CALIPER-D1 012017 0172020
Reference Probe MG EPG122 SN 1811 10/2017 10/2018
Muliimeter Keithley 2000 1138656 01/2017 0172020
Signal Generator Agilent E4438C MYY42070581 012017 0172020
Characterized prior to [Characterized prior fo
Ampifier Aethercomm SN D48 iest. Mo cal required. |test. No cal required.
Power Meter HP E44184A US38261498 01/2017 01/2020
Power Sensor HP ECP-E26A US37181460 01/2017 01/2020
. . Characterized prior to |Characterized prior to
Directional Coupler Marda 4216-20 013se test. Mo cal required. |test. No cal required
Temperature and
Humidity Sansor Control Company 150798832 112017 1172020
Page: 11/11
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<Justification of the extended calibration>

If dipoles are verified in return loss(<-20dB, 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.

Head 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.05 - 59.7 -
2018.11.26 -20.85 -0.95 59.21 -0.82

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 835MHz

® ®

Trct dBMag 7496 dB/ Ref-2002dE Cal 1 Tred Smith Ref1U  Cal

Eilli SN

r-12.52

- -20.0:

r-27.51

F-3501

-42514

r-50.01

-57.51

I--65

-T2

Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz Ch1  Start 735 MHz Pwr 0 dBm Stop 935 MHz

1/1/2003, 5:33 AM 1/1/2003, 5:34 AM
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Head 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -21.94 - 44.7 -
2018.11.26 -21.11 -3.78 44,97 0.60

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1800MHz

Trcd dBMag 7488dB/ Ref-2002dB  Cal

® ®

! Tred Smith Ref1U  Cal 1

Sl
12,52

S

-200

[-27.491

F-35.01

F-42.914

F-50.01

F-57.51

-85

F-72

Ch1  Start 1.7 GHz
1/1/2003,6:23 AW

Pwr 0dBm Stop 19 GHz

Ch1  Start 1.7 GHz Pwr 0 dBm Stop 18 GHz
1/1/2003, 6:24 AM
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Head 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.08 - 51.2 -
2018.11.26 -20.87 -13.33 51.8 1.17

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 1900MHz

Tred dB Mag 7498 dB/ Ref-2002dB  Cal

®

&ilil

12522

&

F-20.02

--27.51

-35.01

F-42514

-50.012

Tre1 Smith  Ref1U  Cal

--57.51

- -65.00

=72

Ch1  Start 18GHz

1/1/2003, 6:10 AM

Pwr 0dBm

Ch1  Start 1.8 GHz

Stop 2 GHz
1/1/2003, 6:10 AM

- @

Stop 2 GHz
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Head 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -27.94 - 49.5 -
2018.11.26 -26.06 -6.73% 49.06 -0.89

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2450MHz

Tre1 dBMag 7498 dB/ Ref-2002dB  Cal

® ®

1 Trc1 Smith Ref 1U - Cal 1

SN
[-12.52

&ill

[--20020

F-27.81

F-3501

|-42514

F-60.01

F-57.510

F-65.00

F-72.50

Ch1  Start 2.35 GHz Pwr 0 dBm Stop 255 GHz
1/1/2003, 7:41 AM

Ch1  Start 2.35 GHz
1/1/2003, 7:40 AM

Pwr 0 dBm Stop 255 GHz
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Head 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -30.33 - 53.1 -
2018.11.26 -29.21 -3.69 53.07 -0.06

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Head 2600MHz

Trel dBMag 10dB/ Ref0dB Cal 1 Tred Smith Ret1lU Ca e 1
519 511 -2 ! i
—1 3 'J;\s_
'.Ix."
."Ir.
-1 { / /
| { /
| /
I o oz lo
I 1
[ \ \
L8 \ \ \
'.I \ '\\
\ \
\ LY
r \.\\ \ -
N\ )
||||'
L S
7 Ch1 Statt 25GHz Pwr 0 dBm Stop 27 GHz
Ch1 Start 25GHz Pwr 0 dBm Stop 2.7 GHz
1/1/2003, 1:11 AW
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Body 835MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -25.17 - 55.1 -
2018.11.26 -25.16 -0.04 55.73 1.14

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 835MHz
Tret dBMag 7498 dB/ Ref-2002dB Cal 1 Tret Smith Ref1U  Cal @
S11 &l

F-12.522

F-20.0

[-27.51

[--36.01

| -42.614

F-50.012

[-57.51

[--B5.!

e ~F2:

Chl  Start 735 MHz Pur 0dBm Stop 935 MHz Ch1  Start 735 MHz Per 0 dBm Stop 935 MHz
1/1/2003, 6:03 AW 1/1/2003, 6:04 AM
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Body 1800MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -24.11 - 44.3 -
2018.11.26 -24.58 1.95 42.23 -4.67

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior

calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1800MHz
Tret dBMag 7495 dBf Ref-2002dB  Cal @i Trcl Smith Ref1U  Cal ®i
511 511
[F-12.522—+
f--20.0:
|-27.51
F-35.01
I-42.514
[--50.01
F-a7.a1
65
b-EE
Ch1  Start 1.7 GHz Pwr 0 dBm Stop 1.9 GHz Chl Start 17 GHz Pwr 0 dBm Stop 19 GHz

1/1/2003, 6:26 AM

1/1/2003, 6:25 AM
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Body 1900MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -22.17 - 46.8 -
2018.11.26 -21.52 -2.93 46.22 -1.24

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 1900MHz

® ®
g Tre Smith  Ref1U  Cal 1

S11

Tret dBMag 7498 dB/ Ref-2002dB  Cal

&1

-=12.52

[-20.020

2761

[--35.01

[F-42.51

[-50.01

[--57.610:

[--B4.

=72

Ch1  Start 18GHz Pwr 0dBm Stop 2 GHz
1/1/2003, 6:13 AM Ch1  Start 1.8GHz Pwr 0 dBm Stop 2 GHz

1/1/2003, 6:11 AM
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Body 2450MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -26.02 - 53.2 -
2018.11.26 -27.08 4.07 53.92 1.35

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2450MHz
Trct dB Mag 7498 dB/ Ref-2002dB  Cal @i Tre1 Smith Ref1U  Cal ®i
&ilil ‘ ‘ 7 &ilil

PRy

-20.02

F-27.51

-35.01

F-12.51

-50.01

[--57.51

[--65.01

k72

Ch1  Start 235GHz Pwr 0 dBm Stop 2.55 GHz Ch1  Start 235GHz Pwr 0dBm Stop 2.55GHz

1/1/2003, 7:40 AM 1/1/2003, 7:43 AM
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Body 2600MHz
Date of
Return Loss (dB) Delta (%0) Impedance | Delta(ohm)
Measurement
2017.11.27 -33.55 - 49.4 -
2018.11.26 -31.75 -5.37 49.3 -0.2

The return loss is <-20dB, within 20% of prior calibration; the impedance is within 5 ohm of prior
calibration. Therefore the verification result should support extended calibration.

<Dipole Verification Data>

Body 2600MHz

Tret Smith Ref1U Cal 1

Trel dBMag 10dB/ RefOdB  Cal 1 a1
St

1
-1
-7
Ch1  Start 25 GHz Pwr 0dBm Stop 2.7 GHz

Ch1l  Start 2.5GHz Pwr 0dBm Stop 2.7 GHz

1/1/2003, 7:49 AM

—End of the Report—




