SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

#23

Test Mode:802.11a(WiFi5.2G), Mid channel(Head Left Cheek)

Product Description: Smart phone
Model: FTU152A
Test Date: January 11, 2016

Medium(liquid type) MSL 5000
Frequency (MHz) 5200.000000
Relative permittivity (real part) 36.62
Conductivity (S/m) 4.93
E-Field Probe SN13/14 EPG214
Crest Factor 1.0
Conversion Factor 16.88
Sensor 4mm
Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -0.570000
SAR 10g (W/Kg) 0.175561
SAR 1g (W/Kg) 0.357033
SURFACE SAR VOLUME SAR
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A

#24

Test Mode: Hotspot 802.11a(WiFi5.2G), Mid channel ( Body Front Side)

Product Description: Smart phone
Model: FTU152A
Test Date: January 11, 2016

Medium(liquid type) MSL 5000
Frequency (MHz) 5200.000000
Relative permittivity (real part) 50.69
Conductivity (S/m) 4.98
E-Field Probe SN13/14 EPG214
Crest Factor 1.0
Conversion Factor 17.36
Sensor 4mm
Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -4.330000
SAR 10g (W/Kg) 0.171907
SAR 1g (W/Kg) 0.336668
SURFACE SAR VOLUME SAR
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

#25

Test Mode:802.11a(WiFi5.8G), High channel(Head Left Cheek)

Product Description: Smart phone
Model: FTU152A
Test Date: January 11, 2016

Medium(liquid type) MSL 5000
Frequency (MHz) 5825.000000
Relative permittivity (real part) 34.73
Conductivity (S/m) 5.74
E-Field Probe SN13/14 EPG214
Crest Factor 1.0
Conversion Factor 16.24
Sensor 4mm
Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -2.320000
SAR 10g (W/Kg) 0.038347
SAR 1g (W/Kg) 0.076202
SURFACE SAR VOLUME SAR
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A

#26

Test Mode: Hotspot 802.11a(WiFi5.8G), High channel ( Body Back Side)

Product Description: Smart phone
Model: FTU152A
Test Date: January 11, 2016

Medium(liquid type) MSL 5000
Frequency (MHz) 5825.000000
Relative permittivity (real part) 48.19
Conductivity (S/m) 6.45
E-Field Probe SN13/14 EPG214
Crest Factor 1.0
Conversion Factor 16.79
Sensor 4mm
Area Scan dx=8mm dy=8mm
Zoom Scan 5x5x7,dx=8mm dy=8mm dz=5mm
Variation (%) -0.570000
SAR 10g (W/Kg) 0.041989
SAR 1g (W/Kg) 0.087687
SURFACE SAR VOLUME SAR
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

6.CALIBRATION CERTIFICATES
5.1 Probe-EP220 Calibration Certificate

SATIM

The: MCIAIIPE WSA00 COPY

COMOSAR E-Field Probe Calibration Report

Ref : ACR.2B7.1.14.5ATU.A

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA

SATIMO COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 17/14 EP220

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 30144
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T ACCREDITED)|
Wheal 1 A el BT S
#lial i siigrasion CERT w23
10/01/2015
.‘s'urrrmm'_r.
s document presents the method and results from an accredited COMOSAR Dosimetric E-Field

Probe calibration performed in SATIMO USA using the CALISAR / CALIBAIR test bench, for use
with o SATIMO COMOSAR system only. All calibration resulis are traceable to national
metrobogy institutions
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

SATIMO

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Rel: ACRLHT L I4SATUA

Name Function Date Signature

Prepared by ; Jérome LUC Product Manager 10/14/2015 r:;t-__;
Checked by ; Jérome LUC Product Manager 10/14/2015 =
Approved by : Kim BUTKOWSKI Quality Manager 10/14/2015 / o

Cusfomer Name

Shenzhen LCS

Distribution : Compliance Testing
Laboratory Lid.
fs5ue Date Madifications
A 10¥14/2015 Initial release
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT

SATIMO

Rel: ACRHT. 114 SATUA

| Device Under Test

2 Product Description

21

General Information
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Rl ACRLIBT. L4 SATLLA
SATIMO
1 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer | Satimo
Model | SSES5
Serial Number | SN 17/14 EP220
Product Condition (new [ used) | New
Frequency Range of Probe 107 GHz3GH,
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.179 MQ
Dipole 2: R2=0.175 MQ2
| Dipole 3: R3=0.180 M

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

e s

Satimo’s COMOSAR E field Probes are built in accordance to the [EEE 1528, QET 65 Bulletin C
and CELTEC 62209 standards.

Figure 1 — Satimo COMOSAR Dosimertric E field 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 IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC 62209 standards provide
recommended practices for the probe cahbrations, 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 0.01W/kg to 100W /kg.
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Nt ACR 287, 1 MEATA
SATIMO

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.

33 LOWER DETECTION LIMIT

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

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 fat 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°-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 analytical value at the surface.

4 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 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 1o Measurement Uncertainty,

Uncertainty analysis of the probe calibration in waveguide
; Unceriainiy Probability Standard
ERBOR BUURLYS value (%) Distribution Bivise. | A Uncertainty (%)
Incident or forward power 1.00% Rectangular ..;'5 " 1 1.732%
1

Reflected power 3.00% Rectangular \."5 | | 1.732%
Liguid conductivity 5.00% Rectangular \lﬁ i 1 2 E8T%
Liguid permittivity 4.00% Reclangular \."E 1 2.300%

' o] 4, v #3 [ | By
Field homogeneity 300 HRectangular | | 1.732%
Field probe positioning 5.00% Rectangular \.'E 1 2 EET%
Field probe linearity 3.00% Reclangular \."'__ 1 | 1.732%
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Rel ACRIET.1.14 SATU.A
SATIMO
Combined standard uncertainty 3.531%
Expanded uncertainty 12.00
95 % confidence level k=2 -

5 CALIBRATION MEASUREMENT RESULTS

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

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (pVAV/mMY) | 2 (uVAVmY) | 3 (uVAV/m))
6.02 5.52 5.72

DCP dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) . {mV) (mV)
G 98 99

Calibration curves ei=f{V) (1=1,2.3) allow to obtain H-field value using the formula:

E=\E +E+E,

Calibration curves

B75- =T
B00-+ s =
|_Z
£ 600 =
g ﬁ"ﬂ Clipole 1
E A00-; = Dipole 2
I f Liipole
200-+ /,-ﬂ’”’
e
T2 .
000 0.05 070 015 020 025 030 035 040 045050 055 063
Wolkage [V
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Nt ACR 287, 1 MEATA
SATIMO

52 LINEARITY

Linearrty
1.00-
0.75-
0.50-
0.25-
L1 ~ e it =t ot it e —f
.25~
.50
0.75=

1.00-
0 100 200 300 400 R0 &0 A0 a4
E -Field [+

Linearity Error [dE8]

Linearityl+-1.47% (+/-0.06dE)

5.3 SENSITIVITY IN LIQUID

Liguid Frequency | Permittivity Epsilon (5/m) | ConvF
(MHz +/-
100MHz)
HL750 750 | 4206 0,54 458
BL750 750 5h47 0.0% | 4.7
HL%50 %35 | 425 0.50 | 4 86
BLXSD #31s | 5146 (.56 | 5.04
HLY0O %00 [ 4247 0.96 [ 374
BLY0O 900 5660 108 | 4.92
HL 180D 1 R00 | 41.31 1.38 | 4.16
BL 1800 1800 [ 5327 151 [ 429
HL2000 2000 | 397 1.43 4.19
BL2000 2000 : 5191 1.53 | 428
HL2450 2450 | 3005 .77 [ 3.04
BL2450 2450 ; 5107 1.93 4,05

LOWER DETECTION LIMIT: 7mW/kg
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT

SATIMO

Rel: ACRHT. 114 SATUA

54 1SOTROPY

HL900 MHz
- Axial isotropy:
- Hemispherical isotropy:

HL1800 MHz
- Axial isotropy:
- Hemispherical isotropy:
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

SATIMO

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Rel

ACEIRT. 14 5ATLL A

6 LIST OF EQUIPMENT

Equipment Manufacturer / Current Next Calibration
Identification No., '
Description Model Calibration Date Date
5 . - 3 |
Flat Phantom Satimo BN-DNG EaNy [fdated foed:  Waldatad. Mo col
required. required.
Walidated. No cal Validated. No call
COMOSAR Test Bench Version 3 MA required., required
Network Analyzer | node ;vid“““ SN100132 02/2013 0212016
Referance Probe Satimo EP 94 SN 37/08 1072015 10/2016
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator Agilent E4438C MY¥49070581 12/2013 1212016
. Characterized prior to | Characterized prior {o
Ampiiar Ao i e test. Mo cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 1212016
Power Sensor HP ECP-E26A Us3aT181460 1272013 12/20186
. Characterized prior o |Characterized prior o
I M 4216- 1 :
EXIsoonal Ciouplor ks d L1350 test. No cal required. [test. Mo cal required
. P Walidated. Mo cal Validated. No cal
Waveguide Mega Industrias 069Y7-158-13-712 required. required
Waveguide Transition | Mega Industries | 069Y7-158-13-701 |/8lidated. Nocal  Validated. No cal
required. ra-qu:rﬂd.
Waveguide Termination Mega Industries 0GE9YT-158-13-701 'ufalm_aleu. i L.’alm_ated_ P
required. equired.
T ! idit
emperafure | HUMIALY! Control Company 11-661-9 82013 8/2016
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

5.2Probe-EP221 Calibration Certificate

SATIMO

Thee iTHZ HrAilve 00 LDy

COMOSAR E-Field Probe Calibration Report

Ref: ACR.262.1.14. SATU.A

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

I/F, NGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAOAN BLVD
BAOAN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 17/14 EP221

Calibrated at SATIMO US
2105 Barrett Park Dr. - Kennesaw, GA 307144

% 7oy [ACCREDITED]

o o
il iehs®

09/01/2015

Summary;

This document presents the method and resulis from an accredited COMOS AR Dosimetric E-Field
Probe calibration performed in SATIMO USA using the CALISAR / CALIBAIR test bench, for use
with a SATIMO COMOSAR syslem -.I-|1'£_l\. All calibration resulis are traceable o national
metrobogy institutions
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report

FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

SATIMO

COMOSAR E-FIELD PROBE CALIBRATION REPORT

Rel: ACRLMG2 1. 14.5ATU.A

Name Function Date

Signature

Prepared by ;

0/19/2015

Jérome LUC Product Manager

Checked by ; Jérome LUC Product Manager 9/19/2015 ;,)E_"?
Approved by : Kim BUTKOWSKI Quality Manager 9/19/2015 Fha i ppsdfad
Cusfomer Name
e o Shenzhen LCS Compliance
Disteibution ; Testing Laboratory Ltd.
fs5ue Date Madifications
A 9/19/2015 Initial release
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A

No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT

SATIMO

Rel: ACRLME2 1. 14 SATUA

| Device Under Test

2 Product Description

21

General Information
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Rl AURZ6L114.53ATU A
SATIMO
1 DEVICE UNDER TEST
Device Under Test
Device Type | COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer | Satimo
Model | SSES5
Serial Number | SN 17/14 EP221
Product Condition (new [ used) | New
Frequency Range of Probe (04 GHz 6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.179 MQ
Dipole 2: R2=0.167 M2
| Dipole 3: R3=0.178 M

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

e

Satimo’s COMOSAR E field Probes are built in accordance to the [EEE 1528, QET 65 Bulletin C
and CELTEC 62209 standards.

Figure 1 — Satimo COMOSAR Dosimetric E field 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 IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEVIEC 62209 standards provide
recommended practices for the probe cahbrations, 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 0.01W/kg to 100W /kg.
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SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E

COMOSAR E-FIELD PROBE CALIBRATION REPORT Nt ACR 2621, MBAT LA
SATIMO

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.

33 LOWER DETECTION LIMIT

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

34 ISOTROPY

The axial isotropy was evaluated by exposing the probe 1o 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°-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 analytical value at the surface.

4 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 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 1o Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
; Unceriainiy Probability Standard
ERBOR BUURLYS value (%) Distribution Bivise. | A Uncertainty (%)
Incident or forward power 1.00% Rectangular ..;'5 " 1 1.732%
1
Reflected power 3.00% Rectangular \."5 | | 1.732%
Liguid conductivity 5.00% Rectangular \lﬁ i 1 2 E8T%
Liguid permittivity 4.00% Reclangular \."E 1 2.300%
' o] 4, v #3 [ | By
Field homogeneity 300 HRectangular | | 1.732%
Field probe positioning 5.00% Rectangular \.'E 1 2 EET%
Field probe linearity 3.00% Reclangular \."'__ 1 | 1.732%
FPage: 59

Thix darsmesnt shall mor be reprodvend, excepr i fuld or @0 paer, withour she writies approned of 540TIMO
Fhe mformaifen cortabied beredn o be wsed ondy for the parpose for whick i 5 o iied and 5 mod o
b relevaed iy whale or part wighout weisien approval of SATIWG,

This report shall not be reproduced except in full, without the written approval of Shenzhen LCS Compliance Testing Laboratory Ltd.
Page 118 of 218




SHENZHEN LCS COMPLIANCE TESTING LABORATORY LTD.Report FCC ID: 2AG5L-FTU152A No.: LCS1602240349E
COMOSAR E-FIELD PROBE CALIBRATION REPORT Rel ACR262.1.14 SATU.A
SATIMO
Combined standard uncertainty 3.531%
Expanded uncertainty 12.00
95 % confidence level k=2 =y

5 CALIBRATION MEASUREMENT RESULTS

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

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (pVAV/mY) | 2 (uVIAVmY) | 3 (uVAV/m))
4.81 6.15 6.02

DCF dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) . {mV) (mV)
93 104 90

Calibration curves ei=f{V) (1=1,2.3) allow to obtain H-field value using the formula:

E=\E +E+E,

Calibration curves

No-r
1
800~ S
il T
H__f’

£ &0 —
2= f-’//f'ﬂf Clipole 1
T 400~ s Dipole 2
1 = Lipole

200 = o

0o o nz 0.3 04 0.5 0.6 06
Wolkage [V

FPage: /9
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52 LINEARITY

Linearrty

0 100 200 300 400 500 B0 700 808
E Field (/)

Linearityl+-1.16% (+/-0.05dE)

5.3 SENSITIVITY IN LIQUID

Liguid Frequency Permittivity Epsilon {5/m) ConvF
{MHz +/.
LO0MHz)
HL430 430 43.90 0.87 4.84
BL450 450 SR.63 (.98 4.9%
HL750 T50 42 .06 0.8G 4.53
BL750 750 56.57 (.99 4.70
HLES0 L] 42 %1 ] 483
BLESD TE1S 5346 | 098 | 502
HL900 900 ] 4247 .96 474
BLYOD TiTH) S6.69 1.08 459
HIL1800 RO 4131 1.38 4,25
BLIS00 I 53.27 1.51 4.34
HLI900 1900 41.09 1.42 4.7
BL1900 1900 54.20 1.54 4,85
HL2000 2000 19.72 1.43 4.27
HL 2000 2000 51.9] 1.53 444
HL2450 2450 905 1.77 4.11
BL2450 2450 52097 1.93 425
T HLZeD0 | 2600 R 192 T 120
BLI600 3600 ¥ 319 ; 4332

LOWER DETECTION LIMIT: 7TmW/kg

FPage: 7/9
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54 ISOTROPY

HL900 MHz
- Axial isotropy:
- Hemispherical isotropy:

HL1800 MHz
- Axial isotropy:
- Hemispherical isotropy:

0.04 dB
0.07 dB

I=ole iy Carwss

| |
|
I
I ol P
L 4 I 12 &4 DB
age: &9
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6 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Madel | Calibration Date Date
Flat Phantom Satimo SN-20/09-SAM71 [/alidated. Nocal  Validated.  No call
required, required.
Walidated, Mo cal Malidated. No call
A h| A ; |
COMOSAR Tesl Benc Version 3 M required, required
Network Analyzer | hode ;ﬁm““ SN100132 02/2013 0212016
Reference Probe Satimo EP 94 SN 37/08 10/2015 10/2016
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator Agilent E4438C MY 49070581 122013 12720186
. Characterized prior to |Characterized prior to
Amplilsr Agthercomm SN 046 test. Mo cal required. |test. No cal required.
Power Meter HF E4418A US38261498 1212013 1272016
Power Sensor HP ECP-E26A UsS3aT181460 1212013 1272016
i Characterized prior to |Characterized prior to
ional 4216- 1 h |
Wnackona) Lauplar Parcs 4215x0 iaaR test. No cal required. LI,EH Mo cal required
Waveguide Mega Industries | 069Y7-158-13-712 | 2roated. Nocal — Walidated. No cal
required. :raqu:rad.
. A : Walidated. Mo cal ?‘Jalid&ted_ Mo cal
Waveguide Transiion | Mega Industries 069YT-158-13-701 required. :mquirﬂd.
: oy Walidated. No cal Validated. No cal
= i |
hffa?re?unc.tle Termlfr-auor? Mega Industries | 069YT7-158-13-70 required. r equired
T | Humidit
emperalure / HUMIGRY| o niral Company 11-661-9 8/2013 8/2016
Sensor |
FPage: %9
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The: rsiCrowisss Wior CORQARY

COMOSAR E-Field Probe Calibration Report

Ref: ACR.262.2.145ATUA

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD
BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR DOSIMETRIC E-FIELD PROBE
SERIAL NO.: SN 17/14 EPG214

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

Wiy _| s
e

&% 'f_.:_
-.- -. -—
= B AL

/" g

'.-'

If—'

..-":‘ :\;-“ ACCREDITED
i I far s
lﬂ'fﬂlfl[l I ‘i
I Stmmary:
Thiz document presents the method and resulis from an accredited COMOSAR Dosimetric E-Field

Probe calibration performed in SATIMO USA wsing the CALISAR / CALIBAIR test bench, for use
with a SATIMO COMOSAR sysiem only. All calibration resulis are traceable fo national
metrology institutions
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Name Function Date Signature

Prepared by ; Jérome LUC Product Manager 10/14/2015 r:;t-__;
Checked by ; Jérome LUC Product Manager 10/14/2015 =
Approved by : Kim BUTKOWSKI Quality Manager 10/14/2015 / o

Cusfomer Name

Shenzhen LCS

Distribution : Compliance Testing
Laboratory Lid.
fs5ue Date Madifications
A 10¥14/2015 Initial release
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1 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer Satimo
Model SSE2
Serial Number SN 17/14 EPG214
Product Condition (new [ used) New
| Frequency Range of Probe _ |04GHz-6GHz
Resistance of Three Dipoles at Connector | Dipole 1: R1=0.212 MQ
Dipole 2: R2=0.205 M2
Dipole 3: R3=0.227 MQ

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

2.1 GENERAL INFORMATION

Satimo’s COMOSAR. E field Probes are built in accordance to the [EEE 1528, OET 65 Bulletin C
and CEITEC 62209 standards.

g

Figure 1 — Satimo COMOSAR Dosimetric £ field Dipo

le

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

3 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C, CENELEC EN50361 and CEIIEC 62209 standards provide
recommended practices for the probe calibrations, including the performance charactenistics 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 0.01W/kg to 100W /kg.

Page: 4710
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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.

33 LOWER DETECTION LIMIT

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

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 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°-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 analytical value at the surface.

4 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 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 1o Measurement Uncertainty.

Uncertainty analysis of the probe calibration in waveguide
munowsources | ey [ by [ i | a [ S

Incident or forward power 1.00% - Rectangular ..;'5 { . 1 1.732%
Reflected power 3.00% Rectangular \."5 | | 1.732%
Liguid cﬂ-ndu:tivily | 5.00% il Rectangular \lﬁ i . 1 2 E8T%
Liguid permittivity 4.00% Reclangular \."E - 1 2.300%
Field homogeneity 300 HRectangular V3 | | 1.732%
Field probe positioning 5.00% I Rectangular \.'E 1 2 EET%
Field probe linearity 3.00% Reclangular \."'__ 1 | 1.732%

Page: 5/10
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Combined standard uncertainty 3.531%
Expanded uncertainty 12.00
95 % confidence level k=2 [ -

5 CALIBRATION MEASUREMENT RESULTS

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

5.1 SENSITIVITY IN AIR

Normx dipole | Normy dipole | Normz dipole
1 (uVAV/mY') | 2 (uV/AV/mY) | 3 (uVAV/m))
0.75 0.57 0.62

DCF dipole 1 | DCP dipole 2 | DCP dipole 3
{mV) . {mV) (mV)
Y0 1| 90

Calibration curves ei=f{V) (1=1,2.3) allow to obtain H-field value using the formula:

E=\E +E+E,

Calibration curves
1008 =

E g
= FEoo Fﬁ:;:;-*“' Clipole 1
= _.,-r"' '
= Diipale 2
w400
N gﬁfj}f;’, Lipole
200 —
o :
-

El.ll]ll 0o o4 00 008 010 012 014 016 IJ‘IIEi
“olage V]
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LA
[

LINEARITY

Linearity

1.00-
0.75
0.50
0.25=
e e
.25
4.50~-
0.75

1,00-
05111[015[#20]2541]%03504%4‘.‘]]5:'!]
E-Ficdd [¥'/m)

Lirearity Erroe (8]

Uneanty:l+/-1.92% (+-0.08dE)

5.3 SENSITIVITY IN LIQUID

Liguid Freguency Permittivity Epsilon (5/m} ConvEk
{(MHz +/=
100MHz)

HL450 450 43 .90 0.87
BLA450 450 5863 0.98
HL750 T50 42 .06 (.89
BL750 750 56.57 0.99
HLE50 £35 42 81 ]
BLE50 35 53.46 0.96
HL900 Q00 4247 01, i
BLOOO 900 56,60 1.08
HL1%00 1800 EN 138
HL I B ] 53.27 1.51
HL 1900 ] 41.09 1.42
BL 1900 1 S 54.20 1.54
HL20{00 200 30.72 1.43
BL2000 2000 5391 1.53
HL2450 2450 39.05 1.77
BL2450 2450 52.97 1.93
HL 2600 2600 1835 1.92
BL2600 2600 51.%1 219
HL3200 3200 16.62 4.93
BLA200 2200 40,69 4,08
HL54{0{ 3400 1595 5.18
BLS400 5400 48 45 5.82
HLS6D0 | 5600 | 3608 | 560
BLSGOO S600 50.57 6.37
HL5800 ER00 34.73 574
BLSROO SR00 48.19 6.45

LOWER DETECTION LIMIT: SmW/kg
Page: 7710
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54 1SOTROPY
HL900 MHz
- Axial isotropy:
- Hemispherical isotropy:

0.04 dB
0.07 dB

HL1800 MHz
- Axial isotropy:
- Hemispherical isotropy:

0.04 dB
0.07 dB

IS lFpy curvss

-
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HL5600 MH:z
- Axial isotropy: 0.06 dB
- Hemispherical isotropy: 0.09 dB
[ESHE T = e
L LR ,
| i
PRE I I
o | 1 |
| HH
¥ I
-f L1y
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6 LIST OF EQUIPMENT

Equipment Manufacturer / | N Current Next Calibration
tification No.
Description Model Calibration Date Date
Flat Phantom Satimo SN-20/09-SAM71 [/Blidaled. Nocal  Walidated.  No call
required. required.
Walidated, Mo cal Validated. No  call
COMOSAR Test Bench Version 3 MNA required. required.
Network Analyzer | Rnode 2 Schwarz SN100132 02/2013 02/2016
Referance Probe Satimo EP 94 SN 37108 10/2015 10/2016
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generalor Agilent E4438C MY49070581 12/2013 12i20186
. | "|Characterized prior to|Charactenzed prior to
AHpiier dciicalal i g test. Wo cal required. (test. No cal required.
Power Metar HP E4418A US3B8261498 122013 1212016
Power Sensor HF ECP-E26A US3T181460 1272013 1212016
Directional Coupler Narda 4216-20 01386 Charactenzed prior to | Characterzed prior 1o

test. Mo cal required.

[test. No cal required.

Malidated. Mo cal

\alidated. No cal

Waveguide Mega Industries | 069Y7-158-13-712 required, required.
Waveguide Transition | Mega Industries | 069Y7-158-13-701 |/3iidated. Nocal  Validated. No cal
required. required.
Waveguide Termination. Mega Industries | 069%Y7-158-13-701 val'd.ﬂmd' 1.l ahdatad. Ne.cal
required. required.
T { Hum |
emperaiure | MUY} Control Company 116619 8/2013 812016
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T eCTorm s Wl COW Ay

SAR Reference Dipole Calibration Report

Ref: ACR.287.3.14SATU.A

SHENZHEN LCS COMPLIANCE TESTING
LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 750 MHZ
SERIAL NO.: SN 07/14 DIP 0G750-302

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

[ACCREDITED

10/01/2015

Summary.

['his document presenis the method and results from an aceredited SAR reference dipole calibrotion
performed in SATIMO USA using the COMOSAR 1est bench,  All calibration resulis are traceable
to national metrology instifutions.
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Name

Date

Function

Signature

Prepared by :

Jérdme LUC
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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 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 750 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model | SID750
Serial Number SN 07/14 DIP 0G750-302
Product Condition (new / used) New

A yearly calibration interval 15 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.

—

4

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The I[EEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to venify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

The dipole used for SAR system validation measurements and checks must have a retum loss of =20
dB or better. The return loss measurement shall be 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 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 uncertamties listed below represent an expanded uncertainty expressed at approximately the 95%
confidence level using a coverage factor of k=2, traceable to the Internationally Aceepted Guides to
Measurement Uncertainty.

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band | Expanded Uneertainty on Return Loss

400-6000MHz | 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

I'I'lL‘,EJ:-'-I.,INH'It}I'E.I_H.
Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE
:IP_I.PI'i"J_ J\.1'|.'
EROGGD 630 700 A0 40 RO A0 BOO A0 A40BSD
1 . VI A I I e
<30
s
Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
750 -34.48 =20 51.200+ 140
6.2 MECHANICAL DIMENSIONS
Frequency MMz Lmm
required measured required measured required measured
300 42000 £1 %%, 250,0 £1 %, 6351 %
450 290.0 21 %. 166.7 £1 5. 6.35 1 %
750 1760 #1 %, PASS 100.0 +1 %. PASS 63541 % PASS
835 161.0021 %. 89.8 11 %. 3611 %,
900 149,021 F. 83341 % 1.6 +1%.
1450 89.1 11 % 51.7 11 % 1b6tl%,
1500 80.5 +1 % 50.0 +1 %. 3.6 £1 %,
1640 N.011l% 45.7 11 % 16l
1750 75.2 41 % 42941 % 1.6 21%,
1800 7.0 1] % 41.7 1 % 1611 %
1500 68.0 41 % 39.5+1 % 3.6 %1 %.
1950 BE.3 1% I8 5 +1 9. 16+1%,
2000 645 +1 % 37.5 41 % 3.6 £1%.
2100 61.0 +1 % 357 +1 % 3.6 #1%,
2300 55.5 11 % 12621 % 3621 %,
2450 51541 % 0.4 +1 %, 3621 %,
2600 48.5 11 % 18.6 11 %. 3.6 11 %,
3000 41541 % 5.0 #1 % 3.6 41%,
3500 37.0¢1 % 26.4 11 % 3611%
3700 34,741 % 6.4 +1 % 3.6 +1%.
Page: 6/11
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7  VALIDATION MEASUREMENT

The IEEE S5td. 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
retumn 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

F"m said Relative permittivity (&) Conductivity (o) /m
required T measured required [ measured
300 45.335% o 0.8745% a
450 431515% 08715%
750 4195% PASS 0.E9 45 % PASS
835 41515% 0,90 15% |
500 A1595% 0.9745%
1450 405 5% 1.205%
1500 40.855% 12385% |
1640 40.225% 13145%
1750 40145 % 13745%
1800 0.05% 14035% | |
1900 40.025% 140 45%
1950 40,025 % 14015%
2000 40.0 25 % 1.4015%
2100 9895% 14945%
2300 185:5% 167 5%
| 2450 292:5% L8D 5%
2600 39.0 45 % 19645%
3000 W5 25 % 24D45%
[ 3500 37.9 25 % 29145%

72

SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEIIEC 62209 slandards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation, All SAR values are normalized to | W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20009 SAMTI
| Probe | SN I8/11 EPGI22
Liguid Head Ligmd Values: ¢ps” ; 42.1 sigma : (L&9
Distance between dipole center and liquad 15.0 mm
Area scan resolution | dx=Bmm/dy=¥mm
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| Zoon Scan Resolution | dx=8mm/dy=8m/dz=5mm
| Frequency | 730 MHz
| Input power | 20 dBm
| Liqued Temperature | 20°C
| Lab Temperature | 21°C
| Lab Humidity | 45 %
e o 1.6 SAR (W/kg/W) 10 g SAR (W/kg/W]
reguired measured required measured
300 LES 1.94 .
450 4.58 ; .06
al .49 B.38 (0.84) 5.55 5.53 (0.53)
835 9.56 6.22 .
900 10.9 B6.99
1450 L | 16
1500 30.5 16.8
1640 34.2 184
1750 6.4 19.3
l.EiZII'.J' ; i-.f.:l 4 20.1
1900 39.7 205
1950 40.5 209
2000 411 21
i 2100 il 436 219 |
2300 48.7 233
24350 224 24
2600 553 246
3000 63.8 257
3500 67.1 25

|
- = ¥ \'\.
N
I
T : T
— — 2 48 W12 WIE MM EN N
5 =i ® i
pand
.I”n:-'i_’t' 841
a apyrra el o S0 TIAC
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7.3 BODY LIQUID MEASUREMENT
v Relative permittivity (] Conductivity (o) S/m
reguired measured required mizasured
150 61.925% 08015%
300 58.2 5 % 0.92 +5%
450 56.7 #5 % 0,94 £5 %
750 55.5 25 9% PASS 0.96 45 % PASS

835 T ss218% | | os7ss% |
900 55.025% 1.05:5%
915 55,025 % 1,06 :5%
1450 54.025% 130+5%

1610 53815% | 140s5% |
1800 53.335% 152#5%
1900 533 85% 15245%
2000 53.3:5% 15215%

2100  532e8% 16245% |

I 2450 52785% | | 1ess5% |
2600 525 85% 21625%
3000 | s20:5% 27315%
3500 513 #5% 3.3145%
5200 49.0 £10 % 5.30 £10 %
5300 48.9 £10 % 5.42 £10 %

5400 | am7i0% 553410% |
5500 48.6 10 % 5.65 210 %

| Se00 | esssiom | s77s10% |
SE00 482 +10 % 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPGL22
Ligguid Body Liquid Values: eps’ ; 56,6 sigma ; 0,99
| stance between dipole center and liquid 150mm
| Area scan resolution | dx-Smm/dy=8mm___
Loon Scan Resolution dx=Bmm/dy=8m/dz=5mm
| Frequency 750 MHz
Input power 20 dBm
| Liguid Temperature 21 °C
Lab Tempemature 20 %C
| Lab Humidity 459
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Freguenc
v 15 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
750 B.77 (0.8E) 5.78 [DL58)
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8 LIST OF EQUIPMENT

t Man ] Next Calibration
Equipmen ufacturer / |, e ation N - Curren C _
Description Model Calibration Date Date
SAM Phantom Satimo SN-20/09-SAM71 [/2idated. Nocal  Validated.  No cal
required. required.
Walidated. No cal Validated. No call
COMOSAR Test Bench Version 3 MA required. required
Network Analyzer | hode ;ﬁm“’“ SN100132 02/2013 0212016
Calipars Carrera CALIPER-01 122013 1272016
Reference Probe Satimo EPG122 SN 1811 10/2015 1072016
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator Agilent E4438C MY49070581 12/2013 122016
- Characterized prior to |Characterized prior o
Ampe b mlan test. Mo cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1272013 12/20186
Power Sensor HPF ECP-E26A US3T181460 1212013 1212016
. . Charactaerized prior to |Characterized prior to
Directional Couplar Marda 4216-20 01386 test No cal required. [test. No cal required.
Temperature and
Humidity Sensor | Control Company 11-661-9 Br2013 Br2016
Page: T
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SAR Reference Dipole Calibration Report

Ref: ACR.287.4.14.SATU.A

SHENZHEN LCS COMPLIANCE TESTING

LABORATORY LTD.

1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD

BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ
SERIAL NO.: SN 07/14 DIP 0G835-303

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

— T, = k- - -
,f;:?ﬁ:\:\:-‘ [ACCREDITED|

10/01/2015

.'}-HH?IJ'ILHTI

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in SATIMO USA uzing the COMOSAR test bench. All ealibration resulis are traceable
1 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 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 Satimo
Model | SID835
Serial Number SN 07/14 DIP 0G835-303
Product Condition (new / used) New

A yearly calibration interval 15 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.

—

4

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The [EEE 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 venify that the product complies wath the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Sid. 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 uncertamties listed below represent an expanded uncertainty expressed at approximately the 95%,
confidence level using a covernge 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 Uneertainty on Return Loss

400-6000MHz | 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 (.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 uncertainly for wvalidation

I'I'lL‘,EJ:-'-I.,INH'It}I'E.I_H.
Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

:IP_I.FII'-"J_ L“L‘
7A5 760 780 AO0 B20 B840 AA&D B0 900 T %5

&
* ‘s
X

511

Freguency {Mllz}. Return Loss (dB) Requirement (dB) Impedance
B35 _ -24.46 -20 | 5540+24i0

6.2 MECHANICAL DIMENSIONS

Frequency MMz Lmm h mm d mm
required measured required measured required measured

300 - 42000 £1 %%, | . 250,0 £1 %, | 6351 %
450 290041% | | 166.721% | 6%
750 176.0 41 %, 100.0 £1 %, 63541 %
835 16101%. | PASS 89,6 11 % PASS | 3611% PASS
300 149.041%. | | s33san T

I 1450 89.1 11 % [ 51.7 11 % 1 1b6tl%,
1500 BO.5 1 % 50.0 41 % 3.621%.
1640 __.-'-"-."_U il %% 45.7 11 % 16l
1750 | m2a% | | a20awn ETT Y
1800 | 7.0 1] % | . 41.7 1 % | 1611 %
1500 | esouim | T T
1950 BE.3 1% I8 5 +1 9. 16+1%,
2000 BA5:1% | | 375:1% BT
2100 61.0 41 % 35741 % 3621%,
2300 | sssnim | T BT
2450 | si5s1m | | 304s1% | 36:1%
2600 | assun | | mEn% | BT
3000 41541 % 25041 % 3.641%,
3500 | sronn% | | 26411% | 361%
3700 | amw | | 6ann | 364w
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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
retumn 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

F"m said Relative permittivity (&) Conductivity (o) /m
i required T measured . required [ measured
300 45.335% | osresm |
450 431515% 08715%
750 4195% 0.E9 45 %
835 $5:5% PASS 050%5% |  PAss |
500 A1595% 09745% |
1450 405 5% 1.205%
1500 | s0ass% | | 1235w |
1640 40.225% 13145%
1750 40145 % 13745%
1800 T 40025% 1T 1e05% | |
1900 40.025% 140 45%
1950 40,025 % 14015%
2000 40.0 25 % 1.4015%
2100 9895% 14945%
2300 185:5% 167 5%
| 2450 292:5% L8D 5%
2600 39.0 45 % 19645%
3000 W5 25 % 24D45%
[ 3500 | 379s5% | z29115%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The IEEE Std. 1528 and CEIIEC 62209 slandards state that the system validation measurements
should produce the SAR wvalues shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation, All SAR values are normalized to | W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 30709 SAMTI
| Probe | SN I&/11 EPGI22
Liguid Head Ligmd Values: eps” ; 42.3 sigma - 00.92
Distance between dipole center and liquad 15.0 mm
Area scan resolution | dx=8mm/dy=¥mm
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| Zoon Scan Resolution

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

| Frequency | 835 MHz
| Input power | 20 dBm
| Liqued Temperature | 20°C
| Lab Temperature | 21°C
| Lab Humidity | 45 %
e o 1.6 SAR (W/kg/W) 10 g SAR (W/kg/W]
reguired measured required measured
300 2.85 1.94 .
450 4.58 106
50 849 5.55
835 9.56 9.60 [0.96) 6.22 | 620 {0.62)
900 10.9 6.99
1450 29 16
1500 30.5 16,8
1640 34.2 18.4
1750 36.4 19,3
1800 384 2011
1900 39.7 205
1950 405 0.9
2000 41.1 211
i 2100 436 119 |
2300 48.7 233
2450 514 24
2600 553 246
3000 638 257
3500 67.1 25

¢ writnen approved of 54 TIMD
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7.3 BODY LIQUID MEASUREMENT
v Relative permittivity (c.] Conductivity (o) S/m
reguired measured required mizasured
150 61.925% 08015%
300 58.2 5 % 0.92 +5%
450 56.7 #5 % 0,94 £5 %
750 55.5 45 % 0.96 45 %
835 T 55215% | PASS | 097:5% | pass
900 55.025% 1.05:5%
915 55,025 % 1,06 :5%
1450 54.025% 130+5%
1610 53815% | 140s5% |
1800 53.335% 152#5%
1900 533 85% 15245%
2000 53.3:5% 15215%
2100  532e8% 16245% |
I 2450 52785% | | 1ess5% |
2600 525 85% 21625%
3000 | s20:5% 27315%
3500 513 #5% 3.3145%
5200 49.0 £10 % 5.30 £10 %
5300 48.9 £10 % 5.42 £10 %
5400 | am7i0% 553410% |
5500 48.6 10 % 5.65 210 %
| Se00 | esssiom | s77s10% |
SE00 482 +10 % 6.00 £10 %

74 SAR MEASUREMENT RESULT WITH BODY LIQUID

| Software OPENSAR V4
Phantom SN 20009 SAMTI
Probe SN 1811 EPGL22
Ligguid Body Liquid Values: eps’ ; 54,1 sigma ; 0,97
| nstance between dipole center and liquid 150mm
| Area scan resolution | dx-Smm/dy=8mm___
Loon Scan Resolution dx=Bmm/dy=8m/dz=5mm
| Frequency 835 MHz
Input power 20 dBm
| Liguid Temperature 21 °C
Lab Tempemature 20 %C
| Lab Humidity 459
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Frequency
MHz 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
o 9.90 (0.99) 6.39 (0uEd)

% B
| = b N SN - —f

= }

A — _....ll.“;h:..._ D —

) 1 ! ‘-“-“-"'-.._.
d 4 6 8 W RHEIGMWME DA X A
i | i 7 bud
Jr-lll".:'l' JI'III .II.|l
yprand i 54 TIM (Y
b swhemibtedd o L mod 3
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8 LIST OF EQUIPMENT

t Man ] Next Calibration
Equipmen ufacturer / |, e ation N - Curren C _
Description Model Calibration Date Date
SAM Phantom Satimo SN-20/09-SAM71 [/2idated. Nocal  Validated.  No cal
required. required.
Walidated. No cal Validated. No call
COMOSAR Test Bench Version 3 MA required. required
Network Analyzer | hode ;ﬁm“’“ SN100132 02/2013 0212016
Calipars Carrera CALIPER-01 122013 1272016
Reference Probe Satimo EPG122 SN 1811 10/2015 1072016
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator Agilent E4438C MY49070581 12/2013 122016
- Characterized prior to |Characterzed prior to
Ampe b mlan test. Mo cal required. |test. No cal required.
Power Meter HP E4418A US38261498 1272013 12/20186
Power Sensor HPF ECP-E26A US3T181460 1212013 1212016
. . Charactaerized prior to |Characterized prior to
Directional Couplar Marda 4216-20 01386 test No cal required. [test. No cal required.
Temperature and
Humidity Sensor | Control Company 11-661-9 Br2013 Br2016
Page: T
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The: miCTowis waioh CORspary

SAR Reference Dipole Calibration Report

Ref: ACR.2RT.6.14.SATU.A

SHENZHEN LCS COMPLIANCE TESTING

LABORATORY LTD.
1F., XINGYUAN INDUSTRIAL PARK, TONGDA ROAD,
BAO'AN BLVD
BAO'AN DISTRICT, SHENZHEN, GUANGDONG, CHINA
SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 1800 MHZ
SERIAL NO.: SN 07/14 DIP 1G800-301

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

L)
o ,
g

N

& [AccrEDITED)

LT BLIdEC

10/01/2015

I Summary:

This document presents the method and results from an aceredited SAR reference dipole calibration
performed in SATIMO USA using the COMOSAR test bench. All calibration resulis are traceable
o national metrology mstitutions,
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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 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 1800 MHz REFERENCE DIPOLE |
Manufacturer Satimo
Model | SID1800
Serial Number SN 07/14 DIP 1G800-301
Product Condition (new / used) New

A yearly calibration interval 15 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.

—

4

Figure 1 — Satimo COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The I[EEE 1528, OET 65 Bulletin C and CEVIEC 62209 standards provide requirements for
reference dipoles used for system wvalidation measurements. The following measurements were
performed to venify that the product complies with the fore mentioned standards,

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Sid. 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 uncertamties 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 Uneertainty on Return Loss

400-6000MHz | 0.1 dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

Length (mm) Expanded Uncertainty on Length
3-300 (.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 wvalidation

I'I'lL‘,EJ:-'-I.,INH'It}I'E.I_H.
Scan Volume Expanded Uncertainty
lg 203 %
10g 20.1 %
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6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

:IP._I. Fil'-""._ L1 _|I
1700 1720 40 1760 1780 1ADD 1620 1840 1RG0 TRRD 1900

-

511

Fregquency (MHz) Return Loss (dB) Requirement (dB) Impedance
18040 -20.19 =20 4340 +72i0

6.2 MECHANICAL DIMENSIONS

Frequency MMz Lmm h mm d mm
required measured required measured required measured

300 | amo0s1% | [ 2s0021% | %
450 250,01 . . 166.7 +1 %. . 63511 %
750 176.0 21 %, 100.0 £1 %. 63541 %
835 161.0021 %, I 89.8 11 %, I 36 il %,
900 149081 %, | | s33s1% T

I 1450 B9.1 41 % [ 51,7 #1 %, 3.6 11%,
1500 80.5 41 % 50.0 £1 %. 3641 %
1640 __,'-f-.'-_U 1% 45.7 11 %. 36:1%
1750 . 752 1% [ . 42941 %. | 1641 %.
1800 | 72081% ' pASS [ an7s1% PASS | 3eu1% PASS
1500 - G8.0 +1 ¥ [ I 39.5%1%. I 3621 %,
1950 B5.3 +1 % 38,5 +1 %, 3.6 £1%,
2000 G645 +1 % . . 37541 %. . 3.6 %1 %.
2100 B61.0 1% 35.7+#1 % 31641%.
2300 - 55.5 11 % [ I 32621 %, [ 3611 %,
2450 | siss1m | | 30asa% | 3621%
2600 [ 48.5 11 % [ . 18811 %. ) I ieil %
3000 41.5 +1 % 250 1 %. 31641 %,
3500 - 37.0¢1 " . . 26.4 £1 % | ibil%
3700 | 34.7+1 % [ . 26.4 £1 %. | 3641 %.
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