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mva COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref- ACRIITHI5SATU A

1 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSES
‘Serial Number | SN 19715 EP254
Product Condition (new | used) New
Frequency Rangeof Probe 03GHz3GHz -
Resistance of Three Dipoles at Connector Dipole 1: R1=0.178 MQ
Dipole 2: R2-0,182 MQ
| Dipole 3: R3-0.182 MQ

A yearly calibration interval is recommended

2 PRODUCT DESCRIPTION

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

Figure 1 - MG COMOSAR Dosimetric E field Dipole

ProbeLength | 330 mm
Length of Individual Dipoles (4.5 mm
Maximum external dismeter 8 mm
Probe Tip External Diameter  Smm

Distance between dipoles / probe extremity | 2.7 mm

3 MEASUREMENT METHOD
The IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC 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.

31 LINEARITY
The evaluation of the lincarity was done in free space using the waveguide. performing s power
sweep to cover the SAR range 0.01W kg to 100W kg
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COMOSAR E-FIELD PROBE CALIBRATION REPORT Ref ACR T LISSATUA

3.2 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.

3.3 LOWER DETECTION LIMIT

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

34 ISO S

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°-1807) in 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 18 measured and
compared to the analytical value at the surface,

- MEASUREMENT UNCERTAINTY

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC
62209 standards were followed to generate the measurement uncertainty associated with an E-field
probe calibration using the waveguide technique. All uncertaintics listed below represent an
cxpanded uncertainty expressed at approximately the 95% confidence level using a coverage factor
of k=2, traceable to the Intemationally Accepted Guides to Measurement Uncertainty,

Un

..:;-‘
4 )3

: Uncertainty Probability Standard
ERROR SOURCES value (%) | Distribution | Diviser 4 | Uncertainty (%)
Incxdent or forward power 3.007% Rectangulur V3 1 1.732%
Reflected power 3007 Rectangular | —— 3 — 1 1.732%
Liquid conductivity 5.00P% Rectanguler | — v§ — 1 2887%
Ligud permittivaty 4.00r% Rectangulr | —— \5 - 1 2.309%
Field homogeneity 3007 Rectangular | W3- 1 1.732¢%
ek probe positioning 5000 Rectangular ‘E i 2887%
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Fickd probe linearity | 300% | Rectangular B 1732%
Combined standard uncertainty | i — 5831%
Expanded uncertainty 1200

95 % confidence level k = 2 S

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21°C
_ Lab Temperature 21°C
Lab Humidity 45 %
5.1 SENSITIVITY IN A

Nomx dipole | Normy dipole | Normz dipole
1 (V/VimY) 2 (uVI(Vim)y) | 3 (uVAV/my)
5.52 \ 5.73 5.24

"DCP dipole 1 | DCP dipole 2 | DCP dipole 3 |
(mV) (mv) ~ (mV)
119 109 | 110

|
i i
{

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

Calibration curves

&% :
o }z
o - Za
= e Cvpoie 1
2 a0 = > - Dipole 2
- = o
200
.
000008 0100 150.200250 30 0.35 240 0.45 2% 0.5 060 068
Volags V]
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52 LINEARITY
Linearity
1.00
7%
@ 050
3 05
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“J
0.50
2475
-1.00- |
0 S0 700 150 20 250 300 30 400 aS0 4%

E-Field (V/m|
Linearity §+/-2 81% (+/-0 12dB}

5.3 SENSITIVITY IN LIOUID
Licud E(r;mmy Permattivity | Epsilon (8/'m) ConvE
7 4

e L CJOOMHRY | 1 S——
HL450 450 4368 087 7.22
BLASO 450 58.34 0.9 749
HL750 730 41.82 0.90 584
BL7S0 730 36,28 098 6,06
HLS50 835 42,59 0.90 6.36

—BLESO 835 5319 097 656

HL9GO 200 42,05 098 5.79
BLSOO XX S6.4] 1.08 59]
HI1800 1800 4182 138 477
BLISUO 1300 53.00 152 491
HL 1900 1900 40.3% 141 340
BL190O 1900 5393 1.55 561
HLIOM | 2000 4012 143 497
HL2000 2000 53.68 1.54 514
HL2450 2450 3834 1 80 484
BL2430 2450 5270 1.9 497
HIL.2600 2600 3816 193 462
BL260O 2600 51.55 221 473

LOWER DETECTION LIMIT: 7mW/kg

Page: 79

Thix docwoent il mov be reprovisced, except in full or iy pars, waifoat tiw veritten apgroval of MG
The informanion contained hierein 15 to be wsed only for the parpose for whici 1t tx xubwattod amd s met do
I relocsad in whole o part vathow writtew apgrovad of MY G



COMOSAR E-FIELD PROBE

CALIBRATION REPORT

Rl ACR 2T LIS SATUA

54 ISOTROPY

Ve 54 96 B4 42 A9 €2

HL900 MHz
- Axial 1sotropy: 0.04dB
- Hemispherical isotropy: 0.05dB
ISOBTgY TAROS
o S
i \
174
a ‘g
.
“ \
‘: BN
HLIS00 MITz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy: 0.07 dB
ot gy Cuves
I \
“ /
o A 1 -
L)

%o Ah ob e

Page: 89

Tivix docwesemt sivall mov be reprovieced, except tn full or iy pare, wathoat the veritten apgrova of MG
Thve informanon contained ieretm 15 to be wsed only for the parpose for which 1t tx subwatiod amd (s mot do
I relocsd n whole or part vashow written apgroval of MG



COMOSAR E-FIELD PROBE CALIBRATION REPORT
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6 LIST OF EQUIPMENT

J

m No.| . Current ) [
Validated Nocal Malidated No cal
Flat Phantom ' MVG SN-20/08-SAMT71 .'rqwc_fed ;(eqwred
Validated. No cal Nalidated No cal
COMOSAR Test Bench. ' Vefstcin 37 ) NA requred lr equred
Network Analyzer R’“’“é‘vi“""“ SN100132 0272013 0212016
Reference Probe MVG EP 94 SN 3708 1072014 1072015
Multimeter Keithiey 2000 1188656 1272013 1212016
Signal Generator Agilent E4438C MY49070581 122013 1212016
i 'Cmractenzed prior toicrnractenzed prior to
Amplifies Aethercomm SN 045 test No cal required [test No cal required
Power Meter HP £4418A US38261488 1272013 122016
Power Sensor HP ECP-E26A US37181460 12/2013 12712016
B GO S (PG OT S —
Characterized pror to | Characterized prior to
Directional Coupler [ Narda 4216.20 , 01386 [test No caltreqwredﬂﬁleslw No cal required
Validated Nocal  Malidated Nocal
Waveguide Mega Industries | 068Y7-158-13-712 required required
Valdated Nocal  Mafidated No cal
Waveguide Transition | Mega Indusines | 069Y7-158-13-.7T01 required required
Validated No cal Validated No cal
Waveguide Termination  Mega industries | 069Y7-158-13-701 required required
Temperature / MUY Controt Company 11-661-9 82012 812015
FPage: 09
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Stammary:

This document presents the method and results from an accredited SAR reference dipole calibratien
pesformed m SATIMO USA using the COMOSAR test bench. All calibration results are traceable
to national metrology institutions,
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({1, ) SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIISI0.15SATUA
SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 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 835 MHz REFERENCE DIPOLE
Manufacturer Satumo
Model SID835
Serial Number SN 46/11 DIP 0GS835-190
Product Condition (new / used) New

A yearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION
31 GENERAL INFORMATION

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

Figure 1 — Sarimo COMOSAR Validation Dipoie
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SATIMO

4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to venfy that the product complies with the fore mentioned standards.

41 RETURNLOSS REQUIREMENTS
The dipole used for SAR system validauon measurements and checks must have a retumn 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 CELIEC 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 uncertamnty 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 RETURNLOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (inm) Expanded Uncertainty on Length
3-300 0.05 mm
53 VALIDATION MEASUREMENT

The guidelines outlined in the [EEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEITEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
Page: 5/11
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SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACRIIS I ILSATUA

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

S0 80 80

Frequency. Mz

§20 &840 860 8 95N

@_ !
26~
40
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
835 -24.46 -20 55404240
62 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required measured required measured
300 420021 % 250.0 £1 %. 6.35+1%
450 290.0 £1 %, 166.7 +1 %. 6.35+1 %
750 176.0 21 %, 100.0 =1 %. 635:1%
835 16101 % PASS 89821 % PASS 36:1% PASS
900 149.0 21 %, 83.3+1%. 3.621%
1450 89.1 %1% 51721 % 3621%
1500 80521 % 50021 % 3.621%
1640 79021 % 45.7 21 % 3.621%
1750 75.2 41 ¥ 42921 % 3621%
1800 7201 % 41721 % 3621%
1900 63.0 1 7. 38521 % 3.6:1%
1950 66321 % 38521 % 3641%
2000 5451 %% 37521 % 3.621%.
2100 6101 % 35.7%1% 36z1%
2300 55541 % 3261 %, 3.621%
2450 S1521%. 304 1%, 3621%
2600 485 1 . 28811 % 3621%
3000 41541 % 25.021 % 3621%
3500 37.021 %. 26421 %, S621%.
3700 34.721 %, 26421 % 3621%
Page. 6/11
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SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACRIISI013SATUA

7  VALIDATION MEASUREMENT

The [EEE Std 1528, OET 65 Bulleun 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 mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentnoned
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
Fu:::nv Relative permittivity (c,’) Conductivity (c) $/m
required measured required measured
300 45325 % 0.87 25%
450 435:5% 0.8725%
750 419%55% 0.8925%
835 41525% PASS 0.9025% PASS
200 41545% 0.97:25%
1450 40545% 12025%
1500 40425% 12325%
1840 40.2:5% 131:25%
1750 401:5% 13725%
1800 40.045% 140:5%
1900 40045% 14025%
1950 40.025% 140:5%
2000 40025% 1.40:5%
2100 39825% 149:5%
2300 395:5% 1.6725%
2450 39.25% 1.8025 %
2600 383.025% 1.96125%
3000 38525% 240:5%
3500 378:5% 291:5%
7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CELIEC 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 1s given wath the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 42 3 sigma - .92
Distance between dipole center and Liguid 15.0 mum
Area scan resolution dx=8mm/'dv=8mm
Page: 7/11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR315.10.13SATUA

SATIMO
Zoon Scaa Resolution dx=8mm’'dy=8m/dz=5aun
Frequency 835 \MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidity 45 %
B 1.8 SAR (W/kg/W) 108 SAR (W/ke/W)
required ed quired measured
300 285 194
450 458 3.06
750 848 5.55
835 5.56 9.60(0.96) .22 6.20{0.62)
900 108 6.99
1450 29 16
1500 305 168
1640 342 184
1750 364 183
1800 384 201
1900 39.7 20.5
1950 405 208
2000 411 211
2100 4386 219
2300 487 233
2450 524 24
2600 55.3 246
3000 638 25.7
3500 671 25
i Il i
1
10-
| N
B =
.
o \
Ui S~
P 74 & XL MMIE IR AN
Tine|
Page: §/11

Thiz document zhall not be yreproduced, exceps bs fill ov e pave, withons the waimen eppreval of SATIMO.
The pformarion contained heretn iz to be uzed only for the prrpoce for whick it iz submvirted and is not ro

be releazed m whole or par: without viritten approval of SATIMO.




SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref: ACR.3IIS 10,13 SATUA

7.3 BODY LIQUID MEASUREMENT
il Relative permittivity (¢.) Conductivity (o) S/m
required measured required measured
150 51.925% 0.8025%
300 58.225% 0.9225%
450 56.725% 0.9415%
750 55.545% 0.9625%
835 55.245% PASS 097:5% PASS
900 55.025% 1.055%
915 55.045% 1.065%
1450 54025% 130:5%
1610 53.845% 1.405%
1800 53325% 15245%
1900 53.345% 1.525%
2000 53345% 15225%
2100 53.245% 162:5%
2450 52.745% 19525%
2600 52545% 2165 %
3000 52.025% 2.7325%
3500 51345% 3.3145%
5200 49.0210% 5.30210%
5300 485210% $.42210%
5400 487+10% $53210%
5500 486+10% 5.65210%
5600 485210% $.77:10%
5800 482210% 5.00210%
74 SARMEASUREMENT RESULT WITH BODY LIQUID
Software OPENSAR V4
Phantom SN 20/00 SAM71
Probe SN 18/11 EPG122
Liqud Body Liguid Values: eps' ; 54.1 sigma : 0.97
Distance between dipole center and liqusd 15.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=8m/dz=5mm
Frequency 835 MHz
laput power 0 dBm
Liquid Temperature 21 °C
Lab Temperature 21°C
Lab Humidaty 45%
Page: 9/11
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Ref

ACRIIEMLIISATUA

"‘:,“:z"" 1.g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
835 .90 (0.99) 6.39 (0.64)
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

Malidated. No cal

Validated. No cal

SAM Phantom Satimo SN-20/09-SAM71 equired. Lequired,
. Validated. No cal NValidated. No call
COMOSAR Test Bench Version 3 NA equired. equired.
Network Analyzer | R0de & SeWarz | gy400137 02/2013 022016
Calipers Carrera CALIPER-01 122013 1212016
Reference Probe Satimo EPG122 SN 18/11 10/2013 1072014
Multimeter Keithley 2000 1188656 12/2013 1272016
Signal Generator Agilent E4438C MY49070581 12/2013 12/2016
Characterized prior to [Characterized prior to
Amiplhier Anthercomm SHM6 test. No cal required. jtest. No cal required.
Power Meter HP E4418A US38261498 1272013 1272016
Power Sensor HP ECP-E26A US37181460 1212013 1212016
N Characterized prior to [Charactenized prior to
Directional Coupler Nards 4216-20 01386 test. No cal required. test. No cal required.
Temperature and
Humidity Sensor Control Company 11-661-9 82012 8/2015
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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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( L1 . \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACRIIE613SATU A

SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEIIEC 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 46/11 DIP 1G800-186
Product Condition (new / used) | Used

A vearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 GE! INFO TION

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

only.

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: 4/i0
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. SAR REFERENCE DIPOLE CALIBRATION REPORT Ref. ACR3126135ATU A
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEIIEC 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 CEUIEC 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 Intemationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the retumn 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

53 ¥ ATION U

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CELTEC
62209 standards were followed to generate the measurement uncertamty for validation
measurements.

Scan Volnme Expanded Uncertainty
lg 20.3%
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1300

-23.74

-20

43.8 Q--0.1jQ

6.2 MECHANICAL DIMENSIONS

Frequency MHz hmm d mm
required measured required measured required measured

300 !201 !_71 ‘ "vﬂ'l .‘l ':’: b H'r'! 717""-\

450 290,01 % 166,71 % 6.35+1 %
176.0 21 % ; 6.35 1%
161041 % I54a%

00 145,021 % 3621%

1450 36 21%.

1500

1640

1750 5.7 £1 %, 3621%

1800 7120+1 % PASS PASS I621% PASS

15900 68.0 £1 % *i 521 % u

195( 663211 % 3621 %

000 545 £1 % 3IS21%

210¢ 610 %1%

2300 55,5 £1 %

245( 1.9 81 % 3Is%

2600 435 £1 % IH21%

jooo 415 £1 % 3681%

35 0 36 %

3700 621%,

T s paart, withold the writer oz

se for which g

ATIMO

and 13 mof to
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Ref ACR3IZE613SATUA

7  VALIDATION MEASUREMENT

The TEEE Std. 1528, OET 65 Bulletin C and CEVIEC 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 mentioned
standards, Per the gtandards, 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 MEASUREMENT CONDITION
Software OPENSAR V4
Fhantom SN 20v09 SAMTL
Probe SN 18/11 EPG122
Liquid Head Liquid Values eps’ 40 2s1gma 1 38
Distance between dipole center and hquid 10.0 o
Area scan resolution dx=8rm/dy=2mm
Zoon Scan Resolution dx=Smmy/dy=am/dz=5mm
Fraguency 1800 MHz
Inpat powar 20dBm
Laguid T emnperature 21°C
Lab Temperature 21°C
Lab Hurnidity 45%
7.2 HEAD LIQUID MEASUREMENT
"‘M""N”z L Relative permittivity () Canductivity (6) $/m
required measured required measured
300 a5.325% 0.6745%
450 435325% 0.8725%
750 19:5% 0.83%5%
835 A1525% 0.90 £5%
200 41525% 0.9715%
1450 40525% 1.20£5%
1500 40.445% 1,2385%
1640 A0.225% 1.3125%
1750 W1:5% 1.3745%
1800 10.025% PASS 140 £5% PASS
1900 A005% 1,405%
1950 0025% 1.40%5%
2000 M025% 1.4035%
2100 398125% 1.4925%
2300 39525% 1.6725%
2450 39.225% 1.8025%
2600 33.025% 1,9625%
3000 38545% 2,40 £5%
3500 37945% 2.9145%
Fage: 710
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR31E6.13SATU A

SATIMO

7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CEIMEC 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.

F'er:t:‘e:nw 1 g SAR (W/Kg/W) 10 g SAR (W/kg/W)
required : measuled requiced measured
300 285 | 1.94
4s0 458 3.06
70 9.49 5.55
835 3.56 ; 6.22
400 10,9 £.99
1450 29 1 1€
1500 30.% 16.8 '
1640 34.7 18.4
1750 36.4 1 1.3
1800 38.4 | 3817(382) 20.1 19.98 {2.00}
1900 39.7 : 205
1950 an.5 ; 203
2000 a1 211 |
2100 LS 219
2300 48.7 23.3
2450 52.4 ; 24
2600 55.3 246
2000 63.8 ' 25.7
3500 57.1 ' 25

o]\ '
5o \\
QI
g n o\\ '
P \
:50-. a4 & 2 M s 2
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74 BODY MEASUREMENT RESULT

Software

Phantem
Frobe

OPENSAR V-

Liquud

52 Osgma - 148

Distance batween dipole center and liquid

Area scan résoltion ¢ r/dy=amm

Zoon Scan Resolubon dex=Smm/dy=_m/dz=5mm
Frequency | 1800 Mz

Inpul power

Liquid T emperature

Lab Temperatize
Lab Hurmdity

g 1 SAR (W /kg/W) 10 g SAR (W/kg/ )
measured measured
1800 3828 [3.43) 20.89 [2.08)

: \ i

W g
'
E

Page: 910

This doaument hall not b repreduced, except in fidl or s part, withowd the writien approval of SATIMO
The informahon cortned heren 13 1o be used anfy for the merpose for winch i# (s submutted and (3 not fo
be relecoed in whdle or part witfoud written appiroval of SATIMO.




SATIMO

SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR3126133ATUA

8 LIST OF EQUIPMENT

Validated No cal Validated No ca
29 1
SAM Phantom Satimo sN-2009-5aMT1 [2E00 Hmgeer 'I
2 Validated Nocal  |aldated  No call
COMOSAR Test Bench Version 3 NA required roquired
Network Analyzer R"°°°z“°‘vi°“wa'z SN100132 0272013 0212016
Calipers Carrera CALIFER-D1 12/2010 1212013
- y Charactenzed pnor to ([Characlerized peior to
Relyrence Pmbs o EPG122 BN 18M1 | oot No cal required [test No cal required
Multimeater Kedhlay 2000 1158656 11/2010 112013
Signal Generator Agllant E4435C MY48070581 12/2010 122013
; Charactenzed pnor to ([Charactenzad paor to
Armpiitier Asthercomm SN.046 test No cal required |test No cal required
Power Meter HP E4418A US38261498 11/2010 112013
Power Sensor HP ECP-EZ6A, US37181480 112010 11/2013
) Charactenzead prior to |Characterized paorto
r \ 216-
Directional Coupler MNardga 4216-20 013886 st No.cal fequred |hast: No:cal Fsquined
Tempsarature and =
Humidity Sensor Control Company 11-661-3 372012 /2014
Page: 1Vi0
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SURIMATY!

This docurmnent presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO US4 using the COMOBAR test bench All calibration results are traceable
to national metrology institutions.
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S‘;\Ti \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRIIETLISATU A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 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 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Serial Number SN 46/11 DIP 1G900-187
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 CEIEC 62209 standards. The product is designed for use with the COMOSAR test bench

only.

Figure 1 — Satimo COMOSAR Validation Dipole

Fage: /10
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin € and CEUIEC 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 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 Intemationally 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

53 VALIDATION MEASUREMENT

The guidelines outlined in the TEEE 1528, OET 65 Bulletin C, CENELEC EN350361 and CEI/IEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements,

Scan Volume Expanded Uncertainty
lg 20.3 %
10g 20.1%
Page: 5/10
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

S11.8

&0

!

B0 1850

Frequency, M
1880 1300 1920

Frequency

(MHz)

Return Loss (dB)

Requirement (dB)

Impedance

1900

-32.90

-20

48.9Q+23iQ

62 MECHANICAL DIMENSIONS

Frequency MHz? L mm hmm dmm
required measured required measured required measured

300 4200 £1 %

450 290.0 £1 %.

750 176,021 %

135 16L041%

300 149.0 1 %.

450 )91 £1%

1500 805 £t %

1640

1750

1800 6%l %

1500 PASS 395 +1 % PASS 3641 % PASS
1850 2511 % 3611 %
1000 375%1 % 2E6%1 %.

2100 5781 % 3611%
2300 611 %, 3611 %.
2450 S1S5£1% 041 % 36%1%

600 435 £1 % 188+l % 611 %
2000 415%1% 25.0+1% 3611 %.
3500 37.0%1 % 264%1 % 261 %.

3700 34,741 % 26441 % 3.6 41 %
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 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 i 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 a the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION
Software OFENSAR V4
Phantom SN 2009 SAMT1
Probe SN 1811 EPG122
Liquid Head Liquid Values: eps’ - 39 8sigma - 143
Distance between dipole center and hiquid 10.0 mm
Area scan resolution dx=Smm/dy=8mm
Zoon Scan Resolution dx=_2rm/dy=8m/dz=5mm
Frequency 1900 MHz
Input power 20dBm
Liquud T emperature 21 °C
Lab Terrperature 21°C
Lab Hurmidity 45%
7.2 HEAD LIQUID MEASUREMENT
"‘:":':"” Relative permittivity (e") Conductivity (c) S/m
required measured required measured
300 44315% 08745 %
450 43545% 0.8725%
750 A1925% 0.8945 %
B83% 41525% 0,90 45 %
300 a1525% 0.9745%
1450 A0525% 1,20 45 %
1500 40.425% 1.2335%
1640 a0225% 1.3145%
1750 40135% 1.3745%
1800 a00325% 1.90 25 %
1900 40035% PASS 14035 % PASS
1950 W0O25% 1.80 45 %
2000 A0025% 10045 %
2100 39835% 1.8945%
2300 39525% 16725%
2450 39235% 18045 %
2600 19035% 1.96 25 %
3000 38525% 2,405 %
3500 379325% 29145%
Page: 710
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7.3 MEASUREMENT RESULT

The TEEE Std. 1528 and CEITEC 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 mput power,

i v 1 g SAR (W/kE/W) 10 g SAR (W ke/W)
required measured requived measured

300 2.8% 1.54

aso0 ass 1 s

750 8.5

835 2.56 6.2

0o 10.9 6.98

1450 29 16

1500 30.5 168

1640 34.2

1750 3%.4

1600 8.4 201

1%00 38.7 39,65 (3.96) 205 20.24(202)
1550 0.5 208

2000 4.1 211

1100 43,6 2519

1300 4.7 23.3

1450 52.4 74

2690 55.3 246

3000 638 257

3500 67.1 25

N

o \\
3 n
¥ 10 ‘\\
-.._ + ' \.\!b.._h
=G o B B 10 1w % B D
Zowi

Page: &10

This dovumerd sJmall mof b reproduced, exce! 1n fidl or i parf, wi¥ows the written arproval of SATIMC
The irgormation cortained berain 15 1o be used only for the murpose for which it is submitted and iz »ot o
be released in whole or part withoes wrirten appvoval of SATIMO




Ref ACR3IZTIZSATU A

SAR REFERENCE DIPOLE CALIBRATION REPORT
SATIMO

74 BODY MEASUREMENT RESULT

OPENSAR V4

9 SAMIT1

| :
| Fhantom

| Probe
1.50

ebwzen dipole center and bigusd
n resolution

tesolubion

Input power

| Liquid Temperabure

| Lab Temperature

[ Lab Humidity

Frequen
:fw- = 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured muasured
1500 40.74(2.07) 21.43 (2.14)
1 R s

Covm = 0p

Samtare Taiebed ek

\ Tl ‘

=

% | A
X \\\
— | G \\
£ ‘ ] e 10 17 1 ‘1’ » 2 {4
-an - Zirm
g )

T Xt B

1 f28] oo o part, withouws the written ggpvoval of SAT.
for the parpose for which (113 submitied and 35 not 1o

ol of SATIMO

cahaced, exogpr L
13 % be used ¢

This documers shall ot be
The iy dion conluied he
b refecoed (1 whole or par! withowt written apy
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref ACR31E7.13SATUA

8 LIST OF EQUIPMENT

e/ | eiification No:| . Cnrrent:

L I : Date |
- Validated. No cal Malidated No cal
SAM Phantom Satimo SN-20/08-SAMT1 Faquired required I
Valideted. Nocal  Nalidated.  No call
COMOSAR Test Bench Version 3 NA Fequired bequired
Network Analyzer R“°°e§VSA°"W"” SN100132 0202013 0202016
Calpers Carmrera CALIFER-O1 1272010 1272013
Charactenzed pnor to [Charactenzed prior to
=12
Referance Probe Satimo EPG122 SN 18/11 fest No cal required |test. No cal required
Mutimeter Keithley 2000 1188656 1142010 12013
Signal Generator Anilent E4433C MY49070581 12/2010 12/2013
Charactenzed pnorto {Charactenzed prior to
S
ek Hetercomm N 046 test. No cal required |test. No cal required
Power Meter HP E4418A US38261498 1172010 172013
Power Sensor HP ECP-E26A US37181460 112010 1172013
Charactenzed prior to |Characterzed prior to
716-
Diractonal Coupler Narga 4216-20 01386 test. No cal required |test. No cal required
Tempersture and - " \
Humidity Sensor Control Company 11-661-9 32012 372014
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(. \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACRIITAI4SATUA

’

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62200 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complics with the fore

mentioned standards,
2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID2600
Serial Number SN 47/14 DIP 2G600-342
Product Condition (new / used) New

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 L INFORMATION

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

Figure | - Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin € and CEVIEC 62209 standards provide cequircments for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to verify that the product complics with the fore mentioned standards.

41 RETURN LOSS REQUIREMEMTS

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 CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequeney 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 witl the requirements set forth for @ 2
mm phantom shell thickness.

S MEASUREMENT UNCERTAINTY

All unccertaintics listed below represent an expanded unceriainty 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 uncertaintics apply to the return loss measurement:
Frequency band Expanded Uncertainty on Return Loss
400-6000MH 2z 0.1 dR

32 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty om Length
3-300 0.05 mm
53 VALIDATION MEASUREMENT

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

Sean Volume Expanded Uncertainty
lg 20.3 %
10g 20.1%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Refl ACRIITA4I4.SATUA
SATIVIO

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, M-k
2500 2520 2540 2660 2580 2600 2620 2640 2660 2630 2700

Frequency (MHz) Return Loss (dB) f iil@ircmcnl(?ﬁl) [ Impedance
2600 -33.36 -20 50.7Q-2.0jQ

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MiHz

2500 2520 2540 2660 2580 2600 2620 2640 2660 2880 2700
0- L

iB

20
o
25+
Frequency (MHz) Return Loss (dB) Requirement (dB) | Impedance
2600 -34.15 | -20 | 483Q-0.9iQ

63 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm d mm
required measured required measured required measured
300 4200 £1 % 250.011 %. 63511 %
450 2900 £1 % 166.7+1 % 6.35 +1 %
750 176.0 £1 %. 100041 % 6.35 £1 %
835 16101 % 898+1% 36£1%
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SAR REFERENCE DIPOLE CALIBRATION REPORT

Ref. ACR 274 14.5ATUA

800 | 1a0041% 83341 % 3641%
1450 | 891%1%. S1741% 36+ %
1500 | 80541%. 50041 % 3621 %
1640 79.0 :1 %, 45711 % 3621 %.
1750 75241% 21831 % 3641 %
1800 720 £1%. 41.7 241 %. 3621 %
1900 680 +1%. 39.5 41 %, 3641 %
1950 663 £1%, 38,511 %, 3,621 %
2000 645 +1% 37541 % 1621 %
2100 610 £1%. 35.741 %, 3641 %
2300 555 £1%. 32641 %, 3641 %
2450 515 £1%. 30.4 11 %, 3621 %
2600 485 +1 % PASS 28841%, PASS 3641 % PASS
3000 41.5 21 %. 25.0 11 %, 3.621%
3500 37.021 %, 26.4 41 %, 3611 %
1700 34741 %, 26.4 41 % 36416

7  VALIDATION MEASUREMENT

The IEEE Sud. 1528, OET 65 Bulletin € and CEVIEC 62209 standards staic that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measuremnent must be performed
against a liguid 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 paralle] to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surfece of the phantom.

7.1

HEAD LIQUID MEASUREMENT
e | Relative permiviity (&) | Conductivity (o) s/m
required measured required measured
300 45345 % 087 :5%
aso 435:5% 087 :5%
750 419459, 080 +5%
833 41525 % 09045%
0 1583 % QY7 5%
1450 40515 % 120 :5%
1500 404 +5% 123 +45%
1640 402 45% 131:5%
1730 40.135% 137 15%
1200 AD 45 % 140:5%
1900 40015 % 140 +5%
1950 4005 % 1480 +5%
2000 40,0125 % 140:5% ]
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2100 VR45% 140 ¢5 %
2300 39.535% 167 £5 %
2450 39.245% 1.80 £5 %
2600 39.035% PASS 19645 % PASS
3000 3R 5#5% 24045 %
3500 37.915% 291£5%

72 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CFIIEC 62209 standards site that the system validation messurements
should produce the SAR valucs shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR wvalues are normalized 10 | W forward power. In
bracket, the measured SAR is given with the used input power.

Softwarc OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN I8/ 11 EPGI22
Licuid Hend Liquid Values: eps’ = 38.2 sigma : 1.93
Distanee between diperle esnter and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dy=Smmidy=Sm/dz=Smm
Frequency 2600 Mtz
Iput power 20 dBm
Liquid Temperature 21°°¢
Lab Temperature 21°C
Lab Humidity 45 %
el 1ESAR (W/kg/W) 10 ¢ SAR (W/kg/W)
300 2.8 134
450 4.58 3,06
750 £.49 5.55
835 9.56 6.22
900 109 6.99
1450 29 16
1500 ns 168
1640 342 18.4
1750 04 1.3 -
1800 384 201
1500 39.7 20.5
1950 405 209
2000 411 211
7100 436 219
2300 487 233
Page: 8/ 1
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2450 52.4 24 ]
2600 55.3 554R |555) 246 24.49 (2.45)
3600 53.8 o 257
300 671 5
/ ‘
I
NP
5 §00- \ > e P
3 B0
A e N |
NS
05}'{,} « § 5 un l:::"ﬂ .‘..' .‘Il
iy
7.3 BODY LIQUID MEASUREMENT
"’3‘::1"“ Relative permiteivity (&) Conductivity (o) S/m
required measured required measured
150 61915% 0.8045 %
300 $8245% 0.92 5%
450 SRT45% DAAIS %
750 55535% 0.96 45 %
835 S92 % RS
900 1 ssosse 10535 %
915 55025% 1.06 45 %
1450 54025 % 1.3015%
1610 53815% 14015%
1200 533454 15248%
1900 £3345% 15245%
2000 S3525® 1L3215%
i I-OO 53245% 16245%
2450 52745% 1.95 45 %
2600 52545 % PASS 2.16 45% PASS
3000 52015 % 27I25%
3500 51345% 33145%
5200 490:10% 530410%
5300 489 £10% 542410%
5400 48.7 210% S.53210%
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550D 18.6310% 5.65 +10%
5600 38.5420% 577 £10%
S800 48.2+10% £.00 +10%

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Sufiware OPENSAR V4

| Phantom SN 20/09 SAM71

| Probe SN 18/ ERPGIY

| Liquid Body Liquid Values:eps™ : 5 1.6 sigma: 2.21

| Distance between dipole center and hguid
| Area scan resolution

10.0 mm

dx=8mm/dy=8 mm

| Zoon Scan Resolution
[ Frequency
| TCquenc)

Jda=Sommvdy=3 mim/Ale=5nun

2600 M Hz

| Input power 20dBm
| Liquid Temperture 2|
| Lab Temperature 21 °C
| Lab Humidity 45 %

Frequency
MH:

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

measured messured

2600

52.19 (522} 2358 (2.36)

| Sul

an
LU
-,
gew
- M
am
\\
200 —
no- -
] I W 2 W B X2 XN
Z it
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

gqes:ll?i:t::tn Mm;r:::m” tdentification No.| (. CEE e [ (i)a:‘t:"ﬂ”
SAMPhantm | Satimo | SN-2009-5AM71 :’;’ﬁf;z" Naoal :’e‘:]'ﬁ’i:f Ladbs
COMOSAR Test Bench‘ Version 3 NA %ﬂgf;g?' No cal :/Ea(::ﬁ?etﬁd No ‘cal
Network Analyzer | Rhode g‘vi"hwarz SN100132 l 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/20186
Reference Probe Satimo EPG122 SN 18/11 10/2014 10/2015
Multimeter Keithley 2000 1188656 12/2013 12/2016
i Signal Generator Agilent E4438C MY43070581 12/2013 12/2016
motfer | psterconm | swoug | chacrzsdorer o Charciraed ror
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-EZ26A US37181450 | 1212013 12/2016
Directional Coupler Narda 4216-20 01386 igr:rasge;i;a:iezgﬁgg g;z:ra:‘::z;iglez:!eg 8::;;0
LZ"{;‘:;’;?‘“SZ’“:Z:’ Control Company 11-661-9 8/2012 8/2015
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Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144

111413

Swmmary.!

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 metrofogy institubions,
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S(A;ri \ SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACRITEDIISATU A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 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 2450 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID2450
Serial Number SN 46/11 DIP 2G450-189
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 CEIIEC 62209 standards, The product is designed for use with the COMOSAR test bench

only.

Figure 1 - Satimo COMOSAR Validation Dipole
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SATIMO

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 CELIEC 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 Intemationally Accepted Guides to
Measurement Uncerfainty.

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

53 VALIDATION MEASUREMENT

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

Scan Volume Expanded Uncertainty
g 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frguency. MH:
200 2460

Frequency (MHz)

Return Loss (dB)

Requirement (dB)

Impedance

2450

-30.98

=20

4730Q+01jQ |

6.2 MECHANICAL DIMENSIONS

Frequency M-z Lmm hmm d mm
measured required measured required measured
300 250.0 £1 % 6.35£1 %
450 166.7 1 % 6351 %
750 100.0 £1 % 6.3
B35
00
1450 B5121°% 517£1% 36Xl %,
1500 20,51 % 50021 % 3.6%1%.
1640 79.0 21 % 457 1 % 361 %.
1750 15,231 % 429%£1% 3611 %.
1800 72021 % 41.7£1% 361 %.
1300 66.0 21 % 39521 % 36£1%
1350 6321 % 3851 % 6+l %
2000 64531 % 3751 %
2100 61.0 1% 35721 %
2300 55511 % 261 %
2450 51541 % PASS 304%1% PASS PASS
2600 48,511 % 28821%
3000 41511 % 25021 % 36%1%
3500 37021 % 26421 % 36£l%.
3700 34. 721 %, 6421 % 3611 %
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7  VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CEVIEC 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 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 a the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION
Software OFPENSAR V4
Phartom SN 20/09 SAMT1
Probe SN 18/11 EPG122
Liquid Head Liquid Values eps’ 38 6sigma . | 82
Distance between dipole omter and hquid 100 mm
Area scan resolution dx=Smm/dy=Smm
Zoon Scan Resolution dsx=Smm/dy=8m/dz=5mm
Frequency 2450 MHz
Input power 20dBm
Ligquid T erviperature 21°C
Lab Temperature 21 °C
Lab Hurradity 45%
7.2 HEAD LIQUID MEASUREMENT
F"’;':'“’" Relative permittivity (&) Conductivity (c) S/m
required measured requised measured
300 453+5% 0.8745%
450 43515% 0.87+5%
750 419+5% 0.89+5%
835 241545% 0.90 5%
200 41545% 0.9745 %
14%0 505 %5 % 1.20£5%
1500 40.835% 1.22+5%
1640 40.25% 1.31 5%
1750 40.115% 1.375%
1200 40.015% 1.40£5%
1500 40,045 % 1.40 45 %
1550 40.0 5% 1.40 £5 %
2000 A0.045% 1,40 £5 %
2100 905% 1.43+5%
2300 3955% 167+5%
2850 39235% PASS 1.80£5% PASS
2600 38.045% 1.96 45 %
3000 385125% .40 £5 %
31500 37925% 2.91%5%
Fage: 710
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73 MEASUREMENT RESULT

The IEEE Std. 1528 and CEIIEC 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 mput power.

TN 1 ¢ SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2,85 1.94
450 458 3.06
750 6,43 5.55
83% 3,56 .37
300 w09 | T I
1450 29 3
1500 30.% T 168
1640 38,2 ‘ 12.4
1750 6.4 { 193
1800 04| 204
1200 38,7 \ 205
1950 40,5 ' 209
2000 1.1 212
2100 43.6 \ 219
2300 8.7 | 233
2450 2.4 54,40 (5,44) 24 23.7% (2.38)
2600 55,3 ' 245 ' -
3000 3.2 \ 257
3500 £7.1 | 25
il
| LLMESS
2o \ !
R 3 e
E N \\\
po | ome) 40- [ —t——
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74 BODY MEASUREMENT RESULT

Fhantom

OPENSAR Va
SN 20/09 SAMJ

Frobe

Liquid

Distance bebween dipole center and liquid 0.0 mm
Area scan resolution dx=Smm/dy=8

Zoon Scan Resolution

Frequency

2430 MHz

| dx=Srmdy=8m/dz=Smm

Input power 20dBm
Liquud T emperabure 21 °C
Lab Temp eraturs 21°C
Lab Hurrudity 45%

Frequenc .
gl 1 g SAR [(W/kg/W) 10 £ SAR (W/kg/W)
measured measured
2450 9419 (5.42) 74.96(2.%0)
X mmfgse
. — |

# \ M

| | |
| | |
r
o P
i3 g — |
0z 1 12 W 6 18 2@ 2 3
-l
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§ LIST OF EQUIPMENT

Equipment Summary Sheet

XN

\Validated No cal

W alidated

No 061

SAM Phantom Satimo SN-20/09-SAMT 1 equired roquired
Validatad. No cal Validated.  No caf
COMOSAR Test Bench Version 3 NA raquired aquired
Network Analyzer | Rfode fvff“'m SN100132 022013 0212016
Calipars Carrera CALIPER-D1 1202010 12/2013
z . Charactanzad pnorto [Charactenzed prior to
=122
Rearsme F1bhe Sefmo ERGI22 SN 98 tast No cal reguired [test. No cal required
Multimster Keithiey 2000 1188658 1172010 102013
Signal Generator Agilent E4438C MY43070581 1272010 1272013
. Characterized pnor to |Charactenzed prior to
kil relareonm SN.048 test No cal required |test. No cal required
Power Meter HP E4418A US38261498 1172010 112013
Powar Sensor HP ECP-E26A US37181469 112010 112013
. = Charactenzad prior to |Charactenzed prior to
Directional Goupter Nerda 4216-20 01386 test No cal required [test. No cal required
Temperature and "
Humidity Sensor Control Company 11-661-8 372012 372014
Page: IW10
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