)

CIC
v Report No. SET2016-14179

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer Satimo
Model SSES
Serial Number SN 04/13 EP166
Product Condition (new / used) Used
Frequency Range of Probe 0.7 GHz-3 GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.231 M
Dipole 2: R2=0.225 MQ
Dipole 3: R3=0.228 MQ

A vearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

Satimo’s COMOSAR E field Probes are built in accordance to the IEEE 1528, OET 635 Bulletin C
and CELTEC 62209 standards.

Figure 1 — Satimo COMOSAR Dosimetric E fleld Dipole

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter £ mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD

The TEEE 13528, OET 65 Bulletin C, CENELEC EN30361 and CEIVTEC 62209 standards provide
recommended practices for the probe calibrations, ineluding the performance characteristics of
interest and methods by which to assess their affect. All calibrations / measurements p erformed meet
the fore mentioned standards.

3.1 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power

sweep to cover the SAR range 0.01W/kg to 100W/kg.
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32 SENSITIVITY

The sensitivity factors of the three dipoles were determined using a two step calibration method (air
and tissue simulating liquid) using waveguides as outlined in the standards.

33 LOWER DETECTION LIMIT

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

J4 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy is determined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid, with the plastic box illuminated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°-180°) in 15° increments. At each step the probe is rotated
about its axis (0°-360°).

3.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured 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 flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the TEEE 1528, OET 63 Bulletin C, CENELEC EN50361 and CELIEC
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 using 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 . . Standard
ERROR SOURCES value (%) | Disribution | DT ® | Uncertainty (%)
Incident or forward power 3.00% Rectangular \E | 1 1.732%
Reflected power 3.00% Rectangular \5 | | 1.732%
Ligquid conductivity 5.00% Rectangular xE | | 288
Liguid permittivity 4.00% Rectangular B | 1 2.300%
Field homogenei 1.00% Rectangular V3 I 1.732%
genety g

Field probe positioning 5.00% Rectangular \E | | 288
Field probe lineanty 3.00% Rectangular \;‘3 | 1 1.732%
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Combined standard uncertainty

5.831%

Expanded uncertainty
95 % confidence level k =2

12.0%

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21 °C
Lab Temperature 21 °C
Lab Humidity 45 %

5.1 SENSITIVITY IN ATR

Normx dipole | Normy dipole | Normz dipole
1 (uVAV/m)’) |2 VAV /m)) |3 (uV/(Vim)’)
8.57 4.83 7.15

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) (mV) {mV)
92 90 95

Calibration curves e1=f{V) (1=1,2,3) all ow to obtain H-field value using the formula:

E=\E*+E*+E}

Calibration curves
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5.2 LINEARITY

Linearity
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E-Field [t//m)

Linearity Error [dB)

Linearty0+/-1 55% (+/-0 07dB)

33 SENSITIVITY IN LIQUID

Ligquid Frequency Permittivity Epsilon (S/m) ConvF

MHz +i-

1000 Hz)
HLE&S0 B35 42.80 0.&9 569
BLESOD B35 5344 0.9a 482
HLA00 oo 4247 0.9a 534
BLIOD a0 S6.68 1.08 555
HL1&00 1&00 41.30 135 475
BL1&00 1500 5327 1.51 498
HL1200 1500 41.09 142 5.25
BL1900 1900 54 20 1.54 543
HLZ000 2000 3972 1.43 481
BLZ00O0 2000 5390 1.53 495
HL2450 2450 39.05 1.77 493
BLZ450 2450 5298 1.93 509
HLZa00 2600 3834 1.92 508
BLZa0O0 2600 51,82 2.19 522

LOWER DETECTION LIMIT: 7TmW/kg
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34 ISOTROPY

HL900 MHz
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- Hemispherical isotropy: 0.07 dB
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model "| Calibration Date Date
Flat Phantam Satima SN-20/a-sam71 |/ aNdated. Nocal o Walidated. o cal
equired. required.
COMOSAR Test Bench Version 3 A alidated. Mo cal alidated. Mo cal
equired. required.
Network Analyzer Rhodez&vi':hwa” SN100132 02/2013 022016
Reference Probe Satima EF 94 5 37/08 1042014 10720145
Multimeter Keithley 2000 1188656 1242013 122016
Signal Generator Agilent E4438C MY49070531 12/2013 122016
armnliier Aethercomm SN 046 Characterized prior to | Characterized prior to
H test. Mo cal required. [test. Mo cal required.
Fower Meter HF E44184 U538261458 1242013 1202016
Fower Sensor HPF ECP-EZ6A US37181460 1242013 1202018
Directional Counler Narda 471690 01286 Characterized prior to |Characterized prior to
P } test. Mo cal required. |test. Mo cal required.
: . alidated. Mo cal alidated. Mo cal
Wiaveguide Mega Industries OBy 7-158-13-712 equired. required.
Waveguide Transition | Mega Industries | 0BGY7-158-13-701 [/ alidated. No cal alidated. Mo cal
equired. required .
aveguide Termination| Mega Industries OB9Y7-158-13-701 alidated. No cal alidated. No cal
equired. required.
Temperture HUMEY)  Conral Campany 11-681-0 B/2013 82016
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COMOSAR E-Field Probe Calibration Report

Ref: ACR 344 215 SATUA

CCIC SOUTHERN ELECTRONIC PRODUCT

TESTING (SHENZHEN) CO.,LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
MVG COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 43/15 EP276

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

s
SN
g

- —

£y e e -
% —~>.5 [ACCREDITED

Calibration Date: 12/09/15

Summary:

Thi= document presents the method and results from an accredited COMOSAR Dosmetne E-Field
Probe cabibration performed mm MVG USA using the CALISAR / CALIBATR test bench, for use
with a COMOSAR system only. All ecalibraton results are traceable to nationz]l metrology

nstifutions.
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H COMOSAR E-FIELD PROEBE CALIBRATION REPORT Bef: ACR34.115.5ATUA

Name Function Darte Signature
Prepared by Jéréme LUC Product Manager 12/10/2015 o=
Checked by : Jérome LUC Product Manager | 12/10/2015 =
Approved by - Kim RUTKOWSKI Quality Manager 121012015 | jcthaswthi

Customer Name
CCIC SOUTHEEN
ELECTRONIC
PRODUCT
TESTING

(SHENZHEN) Co..
Ltd

Distribution :

Issue Date Modifications
A 12/10/2015 Initial release
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COMOSAR E-FIELD FROEE CALIBRATION REFORT Ref: ACR344.115.5ATUA

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSES
Serial Number SN 43/15 EP276
Product Condition (new / used) New
Frequency Range of Probe 0.7 GHz-3GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.211 MO
Dipole 2: R2=0.206 MO
Dipole 3: R3=0.211 MO

A vearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

MVG's COMOSAR. E field Probes are built in accordance to the IEEE 1528, OET 65 Bulletin C and
CEITEC 62209 standards.

Figure 1 — MG COMOSAR Dosimetric E field Dipale

Probe Length 330 mm
Length of Individual Dipoles 4.5 mm
Maximum external diameter 8 mm
Probe Tip External Diameter 5 mm
Distance between dipoles / probe extremity | 2.7 num

3 MEASUEEMENT METHOD

The IEFE 1528, OET 65 Bulletin C. CENELEC EN50361 and CELTEC 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 LINEARITY

The evaluation of the linearity was done in free space using the waveguide, performing a power
sweep to cover the SAR range 0.01Wikg to 100Wikg.
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mvG

32 SENSITIVITY

The sensitivity factors of the three dipoles were defermined using a two step calibration method (air
and fissue sinmlating liquid) wsing waveguides as outlined in the standards.

33 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 lmmit is 10 mWikg.

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe to a reference wave from a standard dipole
with the dipole mounted under the flat phantom in the test configuration suggested for system
validations and checks. The probe was rotated along its main axis from 0 - 360 degrees in 15 degree
steps. The hemispherical isotropy 15 defermined by inserting the probe in a thin plastic box filled
with tissue-equivalent liquid. with the plastic box illununated with the fields from a half wave dipole.
The dipole is rotated about its axis (0°-180°) 1n 15° increments. At each step the probe is rotated
about its axis (0°-3607).

3.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured 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 flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analvtical value at the surface.

4 MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CETIEC
62200 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 using a coverage factor
of k=2, fraceable to the Infernationally Accepted Guides to Measurement Uncertainty.

Report No. SET2016-14179

TUncertainty analyzis of the probe calibration in waveguide
. Uncertaimty Probabibity L. , Standard
ERROR SOTURCES value (%) Dizstribution Diviser o Uneertainty (%)
Incident or forward power 3.00% Rectangular -‘E 1 1.732%
Reflected power 3.00% Rectangular E— ﬁ— 1 1.732%
Liquid conductivity 5.00% Fectangular E— -ﬂ— 1 2 B8T%
Ligmd permittivity 4.00%% Rectangular —_— \E— 1 2.309%
Field homopgeneity 3.00% Rectangular "E_ 1 1.732%
Field probe positioning 5.00% Rectangular \E 1 2.887%
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COMOSAR E-FIELD FROBE CALIBRATION REFORT

Bef: ACRL 3441 155ATUA

Field probe hneanty 3.00% Rectangular 'u"i 1 1.732%
Combined standard nncertainty 5.831%
Expanded uncertainty 12.0%

95 % confidence level k=2 =

5 CALIBRATION MEASUREMENT EESULTS

Calibration Parameters
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %

51 SENSITIVITY TN ATR

Normx dipolﬁe Normy dipolﬁe Nommz dipol::
1 (UVAV/m)') | 2 (uV/(Vim)) | 3 (uV/(V/im)')
437 452 521

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
100 96 97

Calibration curves ei=f{V) (1=1.2.3) allow to obtain H-field value using the formmla:

1035~

- f,.x",' =
£ T —
= EO0- = Digak 1
- [
E a- _,_/-CF: [pak 2
L _.f""

1_| .

0o 11 nz 03 4 06 (.6 I:ll?
Wolkage ]
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52 LINEARITY

Linearity Error [dB]

COMOSAR E-FIELD FROBE CALTERATION EEFORT

Ref: ACR.324.21155ATUA

1.00-
0.75-
0.50-
0.25-
0.0o-

-0.25-
-0.A0-
75—

-1.00-
1]

Linearity

| VIS SR r

x
¥
31

E-Fiel (v/m|

Linearity 0+/-2.48% (+-0.11dB]

5.3 SENSITIVITY IN LIQUID

50 100 150 200 260 300 B0 400 450 SO0 G

Liemd Frequency Permnithvity Epzilon (5/m) ConvF
MH=z +/-
100MIH=)
HL730 750 4224 0.90 5.96
BL730 750 56.85 0.99 6.13
HIZ50 835 43.02 0.90 681
BLE30 835 53.72 0.98 7.07
HIS00 00 42,47 0.9% 6.05
BLOOO 00 56.97 1.09 £.28
HL 1800 1750 4224 1.40 544
BL1300 1750 53.53 1.53 5.62
HL 1200 1880 40.79 1.42 605
BL1800 1880 54.47 1.57 6.18
HL2000 1950 4052 1.44 5.63
BL200 1950 54.18 1.56 5.79
HL2300 2300 3914 1.66 5.76
BL2300 2300 5217 1.79 5.99
HI2450 2450 3873 1.81 552
BL2450 2450 53.23 1.96 5.70
HIL2600 2600 3854 1.95 5.57
BL2&800 2600 52.07 223 573
LOWEE. DETECTION LIMIT: SmW/kg
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COMOSAR E-FIELD PROEBE CALIBEATION REEFORT

Ref: ACRL 344115 5ATUA

54 ISOTROPY

HI.200 MHz
- Axial isotropy:

- Hemispherical isotropy:

HL.1800 MH=
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COMOSAR E-FIELD FROBE CALIBEATION EEPORT

Ref: ACRL 34115 5ATUA

6 LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / Identification No Current Next Calibration
Description Model "| Calibration Date Date
Flat Phantom MVG SN.20/09-5AM71 |/3Ndated. Nocal — Validated.  No cal
required. required.
) Validated. No cal Validated. No cal|
COMOSAR Test Bench Version 3 MHA required. required.
Network Analyzer R“Ddeg: Ji““‘"m SN100132 02/2013 02/2016
Reference Probe MVG EP 94 SN 37108 1042015 1042016
Multimeter Keithley 2000 1188656 1242013 1242016
Signal Generator Agilent E4438C MY49070581 1272013 12120186
. - Characterized prior to |Characterized prior to
Amplifier Aethercomm SN 046 test. Mo cal required. |test. No cal required.
Power Meter HF E441584A US38261498 1272013 1212016
Power Sensor HP ECP-E2BA US37181460 1242013 1212016
) ) Chiaracterized prior to |Characterized prior to
716-2
Directional Coupler Narda 4216-20 01338 test. Mo cal required. |test. No cal required.
. . Validated. No cal Validated. No cal
Waveguide Mega Indusiries 069Y7-158-13-712 required. equired.
Waveguide Transition | Mega Industries | 089¥7-158-13.7p4 |/ldated. Nocal  Validated. No cal
required. required.
- .
Waveguide Termination| Mega Industries | 069Y7-158-13.70¢ |/ 2idated. Nocal  Nalidated. No cal
required. required.
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SID750 Dipole Calibration Certificate

SAR Reference Dipole Calibration Report

Ref: ACR.154.1.15.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 750 MHZ
SERIAL NO.: SN 23/15 DIP 0G750-378

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

\\\\‘\“'“/"/,’

N/ 7%
e W/

T3
Z ///f_\\\\\\? ACCREDITED
ol : -

06/01/15

<
“

alipration CERT 8224602

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to
national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.154.1.15.5ATU.A
Name Function Date Signature
Prepared by : Jérome LUC Product Manager 6/3/2015 ﬁ
Checked by : Jérome LUC Product Manager 6/3/2015 ﬁ/
Approved by : Kim RUTKOWSKI Quality Manager 6/3/2015 s Pucthaush

Customer Name

CCIC SOUTHERN
ELECTRONIC
IERSE L PRODUCT
Distribution : TESTING
(SHENZHEN) Co.,
Ltd

Issue Date

Modifications
A 6/3/2015 Initial release
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.154.1.15.SATU.A
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mvG SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.154.1.15.SATU.A

1 INTRODUCTION

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 performed to verify that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 750 MHz REFERENCE DIPOLE
Manufacturer MVG
Model SID750
Serial Number SN 23/15 DIP 0G750-378
Product Condition (new / used) New

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 only.

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, FCC KDBs and CEVIEC 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 constucted as outlined in the fore mentioned standards.

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEIIEC 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.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs, CENELEC EN50361 and CEI/IEC 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 IMPEDANCE IN HEAD LIQUID

S11.d8

700 720

Frequency, MHz
740 760 780 800 820

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -31.38 -20 51.90Q0+1.9jQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MHz
740 760 780
e 3
3020- 1
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -24.86 -20 493 Q+5.7jQ
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 420.0 £1 %. 250.0 1 %. 6.35 1 %.
Page: 6/11
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450 290.0 +1 %. 166.7 +1 %. 6.35+1 %.
750 176.0 1 %. PASS 100.0 +1 %. PASS 6.35 +1 %. PASS
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%. 42941 %. 3.6+1%.
1800 72.0 41 %. 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 41 %. 35.7 1 %. 3.6 +1%.
2300 55.5 1 %. 32.6 41 %. 3.6+1%.
2450 51.5+1%. 30.4 +1 %. 3.6 +1%.
2600 48.5 11 %. 28.8 +1 %. 3.6 +1%.
3000 41.5 1 %. 25.0 1 %. 3.611%.
3500 37.01%. 26.4 +1 %. 3.6+1%.
3700 34.741 %. 26.4 +1 %. 3.6+1%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 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

Fre:nt:‘ezncv Relative permittivity (g/’) Conductivity (o) S/m
required measured required measured
300 45315 % 0.87+5%
450 43515% 0.87 5%
750 41915% PASS 0.89+5% PASS
835 415%5% 0.90 +5 %
900 415+5% 0.97 +5%
1450 40.5 5% 1.20+5%
1500 404 5% 1.23+5%
1640 40.21+5% 131+5%
1750 40.115% 137+5%
Page: 7/11
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1800 40.0 +5 % 1.40 5 %
1900 40.0 +5 % 1.40 45 %
1950 40.0+5% 1.40 45 %
2000 40.045% 1.40 5%
2100 39.845% 1.49+5%
2300 39.545% 1.67 45 %
2450 39.25% 1.80 45 %
2600 39.045% 1.96 45 %
3000 38.545% 2.4045%
3500 37.945% 291+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 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
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 41.8 sigma : 0.90
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21.9C
Lab Temperature 21°C
Lab Humidity 45 %
e 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 1.94
450 4.58 3.06
750 8.49 8.67 (0.87) 5.55 5.73(0.57)
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 20.5
1950 405 20.9
2000 411 21.1
2100 436 21.9
2300 48.7 23.3
2450 52.4 24

2600 55.3 24.6
3000 63.8 25.7
3500 67.1 25

/

‘I

(Il ‘

1 2--\
= 10 \\
2 08
Fos
q
04
-
02-, P ‘
10 12 14 16 18 20 22 24 26 28 30
Z (mm)
7.3 BODY LIQUID MEASUREMENT
Fre:/‘t:-lezncy Relative permittivity (e,) Conductivity (o) S/m
required measured required measured
150 61.945 % 0.80 5%
300 58.2 5% 0.9215%
450 56.7 5% 0.94 45 %
750 55.5 5% PASS 0.96 5% PASS
835 55.25% 0.9715%
900 55.05% 1.05 5 %
915 55.05% 1.06 +5 %
1450 54.05% 1.305%
1610 53.845% 1.40 5%
1800 533#5% 1.525%
1900 53.345% 1.52 5%
2000 53.345% 1.52 45 %
2100 53.245% 1.6215%
2450 52.745% 1.95 5%
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2600 52.515% 2165 %
3000 52.015% 2.7345%
3500 51.345% 3.3115%
5200 49.0£10 % 5.30+10 %
5300 48.9 +10 % 54210 %
5400 48.7+10% 5.53+10%
5500 48.6 +10 % 5.65+10 %
5600 48.510% 5.77 £10 %
5800 48.2+10% 6.00 +10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Body Liquid Values: eps’ : 56.3 sigma : 0.98
Distance between dipole center and liquid 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8mm/dz=5mm
Frequency 750 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°9C
Lab Humidity 45 %
F":n‘:fl"“ 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
750 8.43 (0.84) 5.63 (0.56)
/.
m
129
10
\
Jogiae
Fos A
04 ™
02- \"\\ |
10 12 14 16 18 20 22 24 26 28 0
Z mm)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model ‘| Calibration Date Date
SAM Phantom MVG SN-20/09-SAM71 VaIidgted. No cal VaIiQated. No cal
required. required.
COMOSAR Test Bench|  Version 3 NA Velkiotad, Nocel — Vahdsted. No cal
required. required.
Network Analyzer | node & Schwarz SN100132 0212013 0212016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
; Characterized prior to |Characterized prior to
Ampilfier Asthercomm SN 046 test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
i Characterized prior to |Characterized prior to
Directional Coupler Narda 4216-20 01386 test. No cal required. [test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 8/2012 8/2015
Page: 11/11
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1 INTRODUCTION

mentioned standards.

2 DEVICE UNDER TEST

Device Type
Manufacturer
Muodel

Serial Number

Device Under Test

COMOSAR 8§35 Mz REFERENCE DIPOL E_|
Salima

SID$33
SN 06713 DIPOG835-217

Produel Condilion (new !

used)

used

il GENERAL INFORMATION

only.

A
1

l"iguré

St

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

-, = W"\"m
ArE e
‘ I . ;

aima COMOS, h‘l’ Validation Dipole

Page: 411

TRk QN UM ST G B A Al S S A v W It WA R eRens oy el of NS

This document conrains a summary of the requirements set forsh by the JEEE 152§, OET 63 Bulletin
Cand CELIEC 62209 standards for reference dipales used for SAR mensurement system validations

and the measurements that were perlormed 1o verify that the preduct complies with the fore

Satumo’s COMOSAR Validation Dipoles dre built in accordance to the [EEE 1528, OET 65 Bulletin
C and CENTEC 62209 standards, The precluet is designed lor use with the COMOSAR test bench
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4 MFASUREMENT METHOD

The IEEE 1528, OET &5 Bulletin € and CEITEC 62200 siandanls provide requirements for
reference dipoles used for system walidution measurements.  The Tollowing measurements were
performed to verify that the product complies with the fore mentioned stancards.

4.1 RETURN LOSS REQUIREMENTS

The dipale used for SAR system validation measurements and checks must have & return loss of =20
dB or setter. ‘The return loss measurement shall be performed against a liquid filled flat phantom,
with the phantom coaswcted us oullined in the fore mentioned standards.

4.2 MECHANICATL REQUIREMENTS

The TEEE Sid. 1528 and CEFIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test berch employs a ® mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements sel forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

All uncermainrics listed below represent an expanded uncertainty expressed at approximately the 93%
confidence level using a coverage factor al'k 2, traceable to the Tnteratianally Accepled Guides 1o
Measurement Unuerlainly,

5.1 RETURN LOSS
The follawing uncertainties apply to the return loss measurement:
Frequeney band Expanded Uncertainty on Return Loss

A0-60HONMH 2 N.1dB3

52  DIMENSION MEASUREMENT

The following uncertainiies apply (o the dimension measurenents.

Length (mm) Expanded Uncertainty on Length

3300 0.05 mm

33 VALIDATION MEASUREMEN I

The guidelines outlined in the [EEE 1528, OET 65 Bulletin €, CENFLEC ENSO36a1 and CEITEC
02209 standards were followed lo gencrale the measurement uncerlainly  for validation

measurements, S
Scan Yolume Expanded Lncertainty
lg 20.3%
[0y \ 20.1 %

Page: 3:11
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i CALIBRATION MEASUREMENT RESIILTS

6.1 RETURN LOSS AND IMPEDANCE [N HEAD LIQUIL

Faquency. MH2

o0
Freyueney (MIlz) Return Loss (AB) Requirement (dB)

833 -23.17 =20

Impedance
574 Q-0.2i0

6.2 RETLURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, M-z
735 €0 7O B0 BX 5 860 20 =0 90
|

Page: 611

(s chonainwsd AW ! v ovpirseunwcs vene gl e Rl v peard withewn (e wedlivs eppvinsy

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24.50 =20 350010 39)Q
6.3  MECITANICAL DIMENSIONS
Frequency k2 L mm hmm drmm
required measured required measured required measwred
300 42001 % 250012 %, 6.35=1%.
450 230041 % 156722 % G.35 21 %,
750 17601 % 130022 %, 6.35z1%.
835 | 161031% PASS £9.821 % PASS 1611 %. PASS
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am 49021 % 843 1% 3.8 01 %,
1350 T 557-1m 1611%.
7800 8051 S0.0=1 %, 16 +1%.
1540 201 %, 45721, 36 £1 %,
1750 7521 %, 428:1% 3.6 £1%.
1900 720:21%. 417:1%. 3551%.
1400 6B0=1%. 3521%, 36:1%.
BT 6631 365=1%. 35:1%.
2000 64521 % 3751, 35£1%.
2100 61021 % 3720 36:1%.
2300 55521 316=1%. 36£1%.
2450 | stsatm. 304=1%. 35 1%
T 4B 5 21 %, 26821 %, 35:1%.
f 200 | arsam. 22021% 3551%.
3500 | s7eaim 26.0=1%. 35£1%.
3700 34721 %, 26421 %, 35£1%.
| I 1 .
i

!

-

!

1

VALIDATION MEASUREMENT

HEAD LIQUID MEASUREMENT

F“;‘ﬁ"“’ Relative permittivity (1) Conductivity (o] $/m
required measured required measured
3co 45325 % 0.57 5%
450 45:5% 0.67 £5 %
750 419:5% 0.63 =5 %
815 41525 % PASS 0.92 25 % pASS
0 41515% 0.97 £5 %
1250 405:5% 121:5%
1500 DA% 123:5%
1640 402:5% 131:5%
1750 01=5% 137:5%
1300 W00 =5% 143 =5 %
1909 0055 14325 %
1950 We=5% 143=5%
2000 400=5% 142=5%

"

S clnrienent st sor e sdpendacad, R o full ar o o,

Page. =T

IR 2 e e Al af VT

The LKL Std. 1328, OET 65 Bulletin C and CELIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechameal dimension requirements, The validation measurement must be performed
against a hiquid filled Nlal phantam, with the phantom constructed as outlined in the [ore mentioned
standards.  Per the standands, the dipole shall be positioned below the bottom of the phantom. with
the dipele length centered and parallel to the lengest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.,
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2100 39.815% 14915 %
2300 39545% 16745 %
2450 39245% 18045 %
2600 39.015% 19645 ¥
3200 3B55% 24045 %
3500 37.945% 29145 %
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQLID

2 mm), within the

The IEEE Std. 1328 and CELIEC 62209 standards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of
uncertainty for the svstem validation. ATl SAR values are normaelized w | W forward power. In
hracket, the mensured SAR i< given with the nsed input power.

[ Sofiwure

CPENSAR V4

| Phuntom o SN 28 SAMT
Proze SNIRT] EPGI22
Liguid Hed Liguid Vialoes: eps” : 42,3 sigma - (.92

Distance between dipole center and liquid

150 mm

Aren scan resolution

dy=8mmidy-8mm

Zocn Scan Resolation

dx-Smnvdy-Smidz-Smm

Poger 8

Fregquenvy 835 MHz
Input power 20 dB3m
Liguid Temperature 21°C
Lab Temperatare 21 °C
| Lab Hum:dity a5 %,
F":;:Z’“ 1 g SAR (W/kg/W| 10 g SAR {W kg /W)
required measured required measured
0 285 s
450 458 jle
750 643 5.90
835 HL5 9,72 {D.53) £22 630263
au B 649
1450 9 16
1504 0.5 ‘a8
1630 2.2 18,4 .
1750 5.4 93
1800 134 20.1
1900 9.7 205
1950 0.5 20.9
2000 411 211
2100 436 21.9
? 2300 43.7 233

Thes el aholy aoy S eprrciinon vxvoy am Sl o a e e e weatiee avpveova o SATIO,
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2450 524 24
2620 553 L6
3020 B3R 5.3
;5:0 57.1 25

1
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-

(Ve

BODY LIQUID MEASUREMENT

Frequency

MH?

130
300
430
730

1430

Relative permittivity (&)

required maasured

El9:3%

£5.085%

Canductivity |a) S/m

requived
080 £5%
09215%
D.5& £5 %

D36 £3%

4013550

1610

S3845%

TADEE

1800

53345 %

1900
2000

LE RS

L3345 5

15285 %

15265

TE243 %

2100

1hZESN

2430

1G5

2600

FRLELE

3000

S20:5%

27383%

300

El3s5%

331555

a200

19010 %

530 410%

300

139 £10%

542 £10%

3400

137 +10%

553 £10%
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SS00) 40,510 %
S600) 405 £10 %

SRO0) 48.2:10% |

74  SAR MEASUREMENT RESULT WIITH BODY LIQLITD
| Sofiwere | OPENSAR V4

| Phanzom SN 20/09 SAM7
Prooe | SN 1 EPGI22 _
_Liquid ] Rody Liguid Values: eps’ : 541 sigma : 0.97
Diszance between dipole center ane: ligrid 3.0 mm
Arca scan Teso lution ) i de=Rmmidy=8mm
Zoon Scan Resolution dx=Bmm'dy=8m/dz=3mm ==
_ Frequency 813 Mz
Input poveer 20 dBm
_Liquid Temperature 21 °C
Lab Temperature 21 °C

Lab Humidity - 4505

F ] ~
R 1.2 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured ! messured
835 10.3111.03) 8,74 {0.67)
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8 LIST OF EQUIPMENT
Equipment Summary Sheet
| Manufagurd 1 | " yCugrent. | Néxt Calibration
| ,‘bi)qlcﬁ-f LH,' : @Hluﬁhl)nh e whale m 'y
SAM Phantom Saliro SN-20/09-SAM71 }:‘;{j’;’;’;“ Nocal ‘r‘;‘;'t’lfe‘z" Na.
COMOSAR Tas: Banch Version 3 NA :‘g"ﬁf;zd No cal \:{:':’Ifetzd No cal
Network Analyzer R""’“egvic"“’a'z SN100132 02/2013 022016
Calipers Carrera CALIPER-O1 1202013 122018
Reference Probe Saz;mc EPG122 SN 1811 | 1012013 10/2014
-Muih' meter Keithley 2000 1185656 1212013 1212016
»Signal Generater Agilent E4£58C MY4507058° 12:2013 122016
Amplifier Agthercomm SN 046 ;:?raéfggp:egzﬁreg g‘s?ra':;;;f(ég;;é;o
Fawer Metar HP E44184 US35261458 1212013 12/2016
Pawer Sansar HP ECP-E26A US37181450 1202013 1212016
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SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR.240.3.14.SATU.A

CCIC SOUTHERN ELECTRONIC PRODUCT
TESTING (SHENZHEN) CO., LTD

ELECTRONIC TESTING BUILDING, SHAHE ROAD, XILI
TOWN

SHENZHEN, P.R. CHINA (POST CODE:518055)
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 1800 MHZ
SERIAL NO.: SN 09/13 DIP1G800-216

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

NS ‘
%~ [ACCR D
"y S
mm Coliprstion CERT 82346402
08/28/14

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C 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 1800 MHz REFERENCE DIPOLE
Manufacturer Satimo

Model SID1800

Serial Number SN 09/13 DIP1G800-216

Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

Satimo’s COMOSAR Validation Dipoles are built in accordance to the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards. The product is designed for use with the COMOSAR test bench
only.

R T
EnCimg i aauis il

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C 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 constucted as outlined in the fore mentioned standards.

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 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.

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 uncertainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEV/IEC
62209 standards were followed to generate the measurement uncertainty for validation

measurements.
Scan Volume Expanded Uncertainty
lg 20.3 %
10¢g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz

1720 1740 1760 1780 1800 11820

1840

1860 1880

dB

811,

1900

% Fréqucncy (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 _=2501 20 46.7Q +4.5iQ
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency. MHz
1700 1720 1740 1760 1780 1800 1820 1840 1360 1880 1900

dB

811,

' Frequency (MHz) | Return Loss (dB) Requirement (dB) Impedance
I —  aeax 1 & = :
1800 -26.43 -20 45.8Q+1.3jQ
6.3 MECHANICAL DIMENSIONS
— — — — = m———
Frequency MHz Lmm hmm dmm
———— i
required measured required measured required measured

300 420.0 £1 %. 250.0 £1 %. 6.35 1 %.
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 %.
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900 149.0 1 %. 83.3 1 %. 3.641%.
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 41 %. 429+1%. 3.6+1%.
1800 72.0 £1 %. PASS 41.7 +1 %. PASS 3.641%. PASS
1900 68.0 +1%. 39.5 +1 %. 3.6 1 %.
1950 66.3 +1 %. 38.5+1 %. 3.6 +1%.
2000 64.5 +1 %. 37511 %. 3.6+1%.
2100 61.0 +1 %. 35.7 41 %. 3.6 1 %.
2300 55.5 +1 %. 32.6 41 %. 3.6 +1%.
2450 51.5 +1 %. 30.4 1 %. 3.611%.
2600 485 +1%. 28.8 +1 %. 3.6 41 %.
3000 41.5 +1 %. 25.0 +1 %. 3.6 £1 %.
3500 37.01 %. 26.4 +1 %. 3.641%.
3700 34.741 %. 26.4 +1 %. 3.6 +1%.

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C 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

Fres::{ezncy Relative permittivity (g,’) Conductivity (o) S/m
required measured required measured
300 45315% 0.87+5%
450 435+5% 0.8715%
750 41.915% 0.89 5%
835 41.515% 0.90 5 %
900 41515% 0.97 £+5%
1450 40515 % 1.20+5%
1500 404 5% 1.23+5%
1640 40.2 £5% 1314+5%
1750 40.1+5% 13745%
1800 40.0 5 % PASS 1.40 5 % PASS
1900 40.0 £5 % 1.4015%
1950 40.0+5% 14015 %
2000 40.0 £5 % 14045 %
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2100 39.8+5% 1.49+5%
2300 39.54%5% 1.67+5%
2450 39.245% 1.80£5%
2600 39.0+5% 196 £5 %
3000 3851+5% 24015 %
3500 379%5% 29115%

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 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

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Head Liquid Values: eps’ : 41.3 sigma : 1.38

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=8mm/dy=8m/dz=5mm

Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 21°C
Lab Humidity 45 %
F’°m2"°’ 1g SAR (W/kg/W) 10 g SAR (W/kg/W)
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 342 18.4
1750 36.4 193
1800 384 38.67 (3.87) 20.1 20.30 (2.03)
1900 39.7 20.5
1950 40.5 20.9
2000 41.1 211
2100 43.6 219
2300 48.7 233
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