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Summary:

This document presents the method and results from an accredited COMOSAR Dosimetric E-Field
Probe calibration performed in MVG USA using the CALISAR / CALIBAIR test bench, for use
with a COMOSAR system only. All calibration results are traceable to national metrology
institutions.
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Report No.: BL-SZ1730238-701

1 DEVICE UNDER TEST

Device Under Test

Device Type COMOSAR DOSIMETRIC E FIELD PROBE
Manufacturer MVG
Model SSE2
Serial Number SN 34/15 EPGO265
Product Condition (new / used) New
Frequency Range of Probe 0.45 GHz-6GHz
Resistance of Three Dipoles at Connector Dipole 1: R1=0.192 MQ
Dipole 2: R2=0.230 MQ
Dipole 3: R3=0.205 MQ

A yearly calibration interval is recommended.

2 PRODUCT DESCRIPTION

21 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Dosimetric E field Dipole
Probe Length 330 mm
Length of Individual Dipoles 2 mm
Maximum external diameter 8§ mm
Probe Tip External Diameter 2.5 mm
Distance between dipoles / probe extremity | 1 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.

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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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.

3.4 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°—1807) in 157 increments. At each step the probe is rotated
about its axis (0°-360°).

3.5 BOUNDARY EFFECT

The boundary effect is defined as the deviation between the SAR measured data and the expected
exponential decay in the liquid when the probe is oriented normal to the interface. To evaluate this
effect, the liquid filled flat phantom is exposed to fields from either a reference dipole or waveguide.
With the probe normal to the phantom surface, the peak spatial average SAR is measured and
compared to the analytical value at the surface.

4 MEASUREMENT UNCERTAINTY

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

Uncertainty analysis of the probe calibration in waveguide
ERR Uncertainty Probability s.lx 4 Standard
ORSOURCES value (%) Distribution Divisoe = Uncertainty (%)
Incident or forward power 3.00% Rectangular \/3 1 1.732%
Reflected power 3.00% Rectangular — \/5 = 1 1.732%
Liquid conductivity 5.00% Rectangular 3 \/5 a 1 2.887%
Liquid permittivity 4.00% Rectangular — \/5 — 1 2.309%
Field homogeneity 3.00% Rectangular V3— 1 1.732%
Field probe positioning 5.00% Rectangular \/5 I 1 2.887%
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Field probe linearity 3.00% Rectangular ‘/5 | 1 1.732%
Combined standard uncertainty — 1 5.831%
Expanded uncertainty 12.0%
95 % confidence level k=2 e

5 CALIBRATION MEASUREMENT RESULTS

Calibration Parameters
Liquid Temperature 21=C
Lab Temperature 20.°6
Lab Humidity 45 %
5.1 SENSITIVITY IN AIR
Normx dipole | Normy dipole | Normz dipole
1 (uV/(Vim)?) | 2 (uV/AV/m)?) |3 (uV/(Vim)?)
0.72 0.81 0.85
DCP dipole 1 | DCP dipole 2 | DCP dipole 3
(mV) (mV) (mV)
92 90 95

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

Calibration curves

1097 = T
800 1
53 g
£ 4 | —1
= 600 Digiote 1
o -
il = Dipole 2
& 400 = )
200 ’//V
=3 i
000 0.02 004 D06 008 010 012 074 016 018 020
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5.2 LINEARITY
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5.3 SENSITIVITY IN LIQUID

Liquid Frequency Permittivity Epsilon (S/m) ConvF
(MHz +/-
100MHzZ)
HL450 450 4412 0.88 1.85
BL450 450 58.92 1.00 1.90
HL750 750 4224 0.90 1.81
BL750 750 56.85 0.99 1.88
HLBS0 835 43.02 0.90 2.04
BL850 835 5372 0.98 2,12
HL900 900 4247 0.99 1.86
BLI00 200 36.97 1.09 1.92
HL1800 1800 4224 1.40 2.04
BL1800 1800 5353 1353 2.08
HL 1900 1900 40.79 1.42 233
BL1900 1900 54.47 1.57 2.42
HL2000 2000 40.52 1.44 223
BL2000 2000 5418 1.56 232
HL2450 2450 38.73 1.81 2.47
BL2450 2450 5323 1.96 2.55
HL 2600 2600 3854 1.95 2.36
BL2600 2600 52.07 223 243
HL5200 5200 36.80 4.84 1.81
BL5200 5200 51.21 5.16 1.85
HL5400 5400 36.35 4.96 2.04
BL5400 5400 50.51 5.70 2.11
HLS5600 5600 3557 523 2.08
BL5600 5600 49.83 5.91 2.15
HLS5800 5800 35,30 547 1.88
BL5800 5800 49.03 6.28 1.93

LOWER DETECTION LIMIT: 7TmW/kg
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5.4 ISOTROPY

HL900 MHz
- Axial isotropy: 0.04 dB
- Hemispherical isotropy: 0.06 dB
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HLS600 MHz
- Axial isotropy: 0.06 dB
- Hemispherical isotropy: 0.09 dB
Isotropy curves
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6

LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / T . Current Next Calibration
Description Model | demfificationNo.| ooy ition Date | Date
\Validated. No cal \Validated. No cal
Flat Phartom MVG SN-20/09-SAM71 Fequired. required.
A \Validated. No cal alidated. No cal
COMOSAR Test Bench Version 3 NA equired. required.
Network Analyzer | node & Sawarz SN100132 10/2013 1012016
Reference Probe MVG EP 94 SN 37/08 12/2015 12/2016
Multimeter Keithley 2000 1188656 12/2013 12/2016
Signal Generator Agilent E4438C MY49070581 12/2013 12/20186
r. Characterized prior to |Characterized prior to
Amplifier Aethercomm SH.O4G test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 12/2013 12/2016
Power Sensor HP ECP-E26A US37181460 12/2013 12/2016
e Characterized prior to |Characterized prior to
Birscianel Coupler Nard A216-20 Ui9a test No cal required. |test. No cal required.
y y \Validated. No cal \Validated. No cal
Waveguide Mega Industries | 069Y7-1568-13-712 equired. required.
2 o y \Validated. No cal alidated. No cal
Waveguide Transition | Mega Industries | 069Y7-158-13-701 equired. required.
Waveguide Termination| Mega Industries | 069Y7-158-13:701 [/alidated. Nocal  \Validated. No cal
Fequired. required.

Page: 10/10

This document shall not be reproduced, except in full or in part, without the written approval of MV'G.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG.

SZ1730238-701



@@1 Report No.: BL-SZ1730238-701

F.2 835 MHz Dipole

SAR Reference Dipole Calibration Report

Ref - ACR.75.8 153.8A11) A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.
BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,

NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOSAR REFERENCE DIPOLE

FREQUENCY: 835 MHZ
SERIAL NO.: SN 25/13 DIP 0G835-246

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

ACCREBITED)

'“““l.n LW

03/16/2015

Stummary,

T has document presenss the methesl smsl vesuils Irom an socredited SAR reference shpole ealibralion
petformed 1in MVG USA wang the COMOSAR test bench Al calthraton results mee tracedble 1o
rsstronal metrology institutions




LU : BL-SZ1730238-701

SAR REFFRINCE DIFOEE CALIBRAT 0N KEPORT Y MO AT 3
N Iiimetient Llegree Slenatirg
Freparesd by ¢ Jerdane LEIC Prochuct Manper 162015 j‘:‘:’
Checked hy - Jertvme LUIC Product Munager | ¥162013 J=
Approved fy: Kim RUTKOWSEL Duality Manager VGRS | o et

Cistowmier Nk
SHENZ/HEN
BALLIN
TECHNOLINGY
Co. Lad,

Disiribudion

L Lhape Medificanony
i 3162013 Tinitial relesise

Fages 2011

Phih adecumnil abail il b repredaenad facigd e S v b pard v Wi e llen apparrel AT
T irvdouweamiow poymionssd Boseis i5 o My aessnd oashy o i prisppcmin Jor ik 07 (n mialvaalinea il 1 sr o
Yot Pliavmiand 11 ikt a1 pary wRTaw e apigeaial sl 0



Lun

LA

Report No.: BL-SZ1730238-701

SAR REFERINCE DIPC0E CAL AT 0™ REPORT BLE: TR TRRLEREA T A

IABLE OF CONTENTS

b L N A e gt e U e Y I e O

PacCT, s O DT iy g S A LA b ik kAL AL LA 4

1l General Information

a.1 Return Loss Reguirements

42 Mechanical Reguirenienis

M eatnre et U e N s nnissaionss ais st ki b o bbb s mn b s abi AR ALK R AL R 24

51 Beturn Loss
53 Dmenzion Measurement

53 Walidation Measurement

Chalibraiiun Measuremen] Resolfs.... ... commrmmmrmmrrimersemmyrssmerermssa s o

i Beturn Loss and bopedance In Head Liguid
6.2 Return Lost and Tmpedance In Body DLiguid

fh3 WMochamoal Dintensions

i

N ot A n AR AT « oo pmpey ity e g s s s i g g e g s (g

11 Hewd Ligoid Mepsuremeni
72 SAR Messuremend Result Wit Head Liguid

73 Bady Liguid Meagurement

74 SAR Messuremem Resuh Wik Body Liquid

List af Equiprment ...

Page: 304

Fhih adcumil sbail il b ripredaned] s S o b pard, oedlivemi Wi ierdllen appasrel GEHITT
T irvdouwenniow poyvionisad esmi 5 o by s sy o i jorponim or sl 07 (o malvaalines? sl L psr o
vt Pk 1 vt o ey o s mpipies al o A0173

10



w Report No.: BL-SZ1730238-701

SAR REFERENCE DIPOLE CALIBRATION REPORT Ret: ACRTERES SATU A

1 INTRODUCTION

Mt document contams a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standurds for reference dipoles used for SAR measurement system yulidutions and

the measurements that were performed to verity that the product complies with the fore mentioned

standards.
2 DEVICE UNDER TEST
Device Under Tesl
Device Type COMOSAR 835 MHz REFERENCE DIPOLE
Muanufacturer MVG
Maodel STD835
Serial Number SN 23/13 DIP 0G835-246
Product Condition (new ' used) Lsed

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

31 N NFORMATION

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

Figure 1 - MG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The TEEE 1528, FCC KDBs and CETTEC 62200 standards provide requirements for refrence
dipoles used for system validation measurements.  The following measurements were pertormed Lo
verily that the product complies with the fore mentioned standards

41

The dipole used for SAR system validation measurements and checks must have a retum loss of =20
dLI2 or better.  The relumn loss measurement shall be performed agamst a liquid filled Nat phantons.
with the phantom constucted as outlined in the tore mentioned stundards.

42 MECHANICAL REOUTREMENTS

The JELE Std. 1528 und CELINC 62209 standards gpecity the mechanjonl components and
dimenstons of the validation dipoles, with Ihe damensions frequency and phantom shell thickness
dependent.  The COMOSAR test beneh employs 0 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test hench comply with the requirenients s21 forth fora 2
mm phantowm shell thickness

5 MEASUREMENT UNCERTAINTY

All uncertainties listed below represent an expanded wncertainty expressed at approxanalely the Y3V
confidencs level using a coverage Mctor of k-2, traceable o the Imemationally Aceepted Cuides o
Measurement Uncertainty.

S0 RETURN LOSS
The tollowing uncertaintios apply to the retum loss measurement
Frequency band Expanded Uncertainty on Returm Loss

H00-6000M 112 0,1dB

52 DIMENSION MEASUREMENT
Ihe following uncertainties upply to the dimension messurements:
Length (mm) Expunded Uneertainty on Length
3 - 300 005 mm

The gudelnes outhined in the TEEE 1528, FCC KDBs, CENELEC ENSO36T and CEVIEC /2209
stndards were followed (o gencrate the measurement uncertamty for validulion measurements,
Scun Volume Expunded Uncertaingy

Ig 203 %
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10g 201 % [
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID
Fimporey, MHz
E 1] ) L o [ = X " e |
10
“
E
-
Frequency (VMHz) Return Loss (dB) Requirement (dB) Impedance
835 -25.01 -20 559 Q2 « 09Q

62 RETURN LOSS AND IMPEDANCE IN BODY LIOUTD

an

Fremercy. MH:
el o BOC £ Bap

) = e

Frequency (MHz) | Return Loss (AB) | Requirement (dB) | -J,J."u's,*!*!!'}:t _
835 -27.41 -20 5210380
6.3 MLCHANICAL DIMENSIONS
Frequency ML | Lmm hmm o mm
required messured requiced | measured réequirad messured
£ A200 21 % 250081 63521
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T VALIDATION MEASUREMENT

The IEEL Std. 15328, FCC kMG and CEVIED 622059 standards stse thet (he systemn validation
ncastirenients wnisl be perfonmed using o refersmee dipole meeting the fore mentioted retinn loss
anid myechameal dimension requirements,  The validaion messwrement mst be perirmazd aganst o
ligpuid Filled Flar phagitom, with the phantom comstricted g omlined in the fore mentiomed stmdards,
Per the standards. the dipole shall be posiioned below the botiom of the phantom. witlr the dipole
lemngtly eentared and parallel 1o the Toneest donension of the D phintent, with the top surfuce of the
dipale at the disseribed distance from the battom surfiee of the phantiom.

71 HE U0 MEASUREMENT
'";‘r'l':" Relative permitthvity e} Conductivlty o] 5/m
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7.2 SAH MEANUREMENT RESULT WETH HEAID LIOLUID
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showld produce the SAR values shown below (for phantom hickaeess of 2 mm) within he
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1900 38.7 XS
 awme | aes | | s |
2000 211 211
2100 LEI) 219
2300 48.7 234
2450 524 24
2600 553 206
2000 3.5 25.7
3500 6§71 I i 25 -
| "Na
!
| 14 T
‘ . i
‘ I, N[
MEEEAER S
| 1o
73 BODY LIQUID MEASUREMENT
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Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to

national metrology institutions,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.75.10.15.SATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs 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 MVG
Model SID1800
Serial Number SN 25/13 DIP 1G800-248
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 - MVG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The 1IEEE 1528, FCC KDBs and CEIVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

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 IEEE 1528, FCC KDBs. CENELEC EN50361 and CEVIEC 62209
standards were followed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10g

20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID
Fraquency, MHz
1700 1720 1740 1760 1780 1800 1820 184D 1860 1880 1300
40
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
1800 -23.63

-20

45.1Q+4.0;Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

1700

$11.dB

Frequency, MHz

17200 1740 1760

1780

1800 1820 1840 1860 1880

1300

Frequency (MHZ;Ll Return Loss (dB) Requirement (dB) Impedance
1800 -26.47 -20 45.5Q-03;Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm dmm
required measured required measured required measured
300 42001 %. 250.0 1 %. 6.35 +1 %.
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450 290,0 +1 %. 166,7 +1 %, 6.35+1 %.
750 176.0 +1 %. 100.0+1 %. 6.35+1 %.
835 161.0 £1 %. 89.8+1 %. 3,6 +1 %.
900 149.0 £1 %. 83.3£1 % 3.61%.
1450 89.1+1%. 51.7 +1 %. 3.641%.
1500 80.5 +1 %. 50.0 41 %. 3.6+1%.
1640 79.0 £1 %. 45.7 1 %. 3.6 +1%.
1750 75.2 1 %. 42941 %. 3.6+1%.
1800 72,01 %, PASS 41,7 1 %, PASS 3.6 1%, PASS
1900 68.0 +1 %. 39,541 % 3.61%.
1950 66.3 1 %. 38.5+1 %. 3.6 +1 %.
2000 64.5 +1 %. 37.541 % 3.6+1%.
2100 61.0 1 %. 35741 % 3.6+1%.
2300 55.5 1 %. 32.6+1 % 3,641 %.
2450 5151 %. 30.4£1 % 3.6+1%.
2600 48.5 +1 %. 28.811 % 3.6+1%.
3000 41.5 #1 %. 25.0 41 %. 3.6 +1 %.
3500 37.0t1 %. 26.4£1 % 3.6 +1%.
3700 34741 %, 26.4 £1 %. 3.6 +1%.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEVIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the described distance from the bottom surface of the phantom.

7.1  HEAD LIQUID MEASUREMENT

Fre:dt:‘ezn:v Relative permittivity (/) Conductivity (o) S/m
required measured required measured
300 45315% 0.87 +5%
450 43515% 0.8715%
750 419 +5% 0.89+5%
835 41535 % 0.90+5%
900 41.545% 0.9715%
1450 40,5 £5% 1.20%5%
1500 40.4 +5% 1.23+5%
1640 40.2+5% 131+5%
1750 40.145% 137:5%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Reft ACR.75.10.15.SATU.A
1800 400 £5% PASS 1,40 £5 % PASS
1900 40.0 5% 1.40 5 %

1950 40.0 +5 % 1.40+5 %
2000 20.0 +5% 1.4045%
2100 39.8 5% 1.49 £5%
2300 39.515% 1.67 +5%
2450 39245% 1.80+5%
2600 39.045 % 1.96+5%
3000 38.545 % 2.4045%
3500 37.945% 2.9145%

7.2  SAR MEASUREMENT RESULT WITH HEAD LIQUID

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

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps’ : 41.1 sigma : 1.39
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=Smm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 2]
Lab Temperature 21 5C
Lab Humidity 45 %
ok 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 8.49 5.55
835 9.56 6.22
300 109 699
1450 29 16
1500 30,5 16.8
1640 34.2 18.4
1750 36.4 193
1800 384 38.72 (3.87) 201 20.37 (2.04)
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1300 39.7 20.5
1950 40.5 20.9
2000 411 211
2100 436 219
2300 48,7 233
2450 524 24
2600 55.3 24.6
3000 63.8 257
3500 67.1 25
N ' (I I|’
il
EfE'\
TR
o 352
S o DN
¥ N
e ) 8 R B
T e T viea 1] 10 12 ‘:Aw:l 1820224 Ed
7.3 BODY LIQUID MEASUREMENT
Fre&t;eznw Relative permittivity (g,) Conductivity {c) S/m
required measured required measured
150 61.915% 0.80£5 %
300 582 5% 0.92+5%
450 56.7 £5 % 0.94 £5 %
750 55.5 45 % 0.96 +5 %
835 55.2 5% 0.97 5%
200 55.0 45 % 1.055%
915 55.05% 1.06 5%
1450 54,0 5% 1.3045%
1610 53.85% 1.40£5 %
1800 53.345% PASS 1.5215% PASS
1900 53.315% 152+5%
2000 53.345% 1.52+5%
2100 53215% 1.62+5%
2450 52.745% 1.95%5%
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SAR REFERENCE DIPOLE CALIBRATION REPORT Reft ACR.75.10.15.SATU.A
2600 52,55% 2165%

3000 5205% 2.7345%

3500 51315% 33115%

5200 49.0 £10 % 530£10%

5300 48.9 £10 % 5.42+10%

5400 48.7 £10 % 5.53+10%

5500 48.6 +10 % 5.65110%

5600 48,5 +10 % 577+10%

5800 48.2 +10 % 6.00+10 %

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liguid Body Liguid Values: eps” : 53.0 sigma @ 1.52
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=8mm/dy=8m/dz=Smm
Frequency 1800 MHz
Input power 20 dBm
Liquid Temperature 21 °C
Lab Temperature 21.°%C
Lab Humidity 45 %
F'e&‘;ez"“' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
1800 40.42 (4.04) 21.53(2.15)
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

g‘&n&m i |mitemtionio| o PR | R CEh R

SAM Phantom MVG SN-20/09-SAM71 :g'jraetg‘_i NGl ;gaq"jféz_d No: 2l

COMOSAR TestBench|  Version3 NA ;’eﬂijfetgd' Mol :ﬁ;ﬁf;id Ne. i
Network Analyzer | RNode Z"g‘vi"h‘”arz SN100132 02/2013 0212016
Calipers Carrera CALIPER-01 1212013 1212016
Reference Probe MVG EPG122 SN 18/11 10/2014 1012015
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator | Agilent E4438C MY49070581 1212013 1212016

e | | _svon Sk o
Power Meter HP E4418A US38261498 12/2013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 gg?’aﬁgeggffeggﬁgg’ gg?raﬁgeggffegzﬁ;?
Leuﬂﬁggtgfnzgf Cortrol Company 11-661-9 8/2012 8/2015
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Summary:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in MVG USA using the COMOSAR test bench. All calibration results are traceable to

national metrology institutions.
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%" Report No.: BL-SZ1730238-701

SAR REFERENCE DIPOLE CALIBRATION REPORT Reft ACR.75.13.15.SATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D2450
Serial Number SN 25/13 DIP 2G450-251
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528. FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

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

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, FCC KDBs. CENELEC EN50361 and CEVIEC 62209
standards were [ollowed to generate the measurement uncertainty for validation measurements.
Scan Volume Expanded Uncertainty

lg 203 %
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10 g 20.1 %
6 CALIBRATION MEASUREMENT RESULTS
6.1 RETURN LLOSS AND IMPEDANCE IN HEAD LIQUID
Frequency. MHz
2330 2400 2420 2440 2460 2480 2500 2520 2550
% V "
|
,50_ 1
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -26.46 -20 493 Q-4.7)Q
6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID
Frequency, MHz
2350 2330 2400 2420 2440 2460 2480 2500 2520 2550
]
40-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -23.34 -20 534Q-6.2Q
6.3 MECHANICAL DIMENSIONS
Frequency MHz Lmm hmm d mm
required measured required ed required ed
300 420.0 1 %. 250.0 £1 %. 6.35+1 %.
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450 290.0 1 %. 166.7 £1 %. 6.35 1 %.
750 176.0 1 %. 100.0+1 %, 6.3511 %,
835 161.0 1 %. 89.8 +1 %. 3.6 +1%.
900 149.0 £1 %. 83311 %. 3.6+1%.
1450 89.1+1%. 51.7+1 %. 3.6+1%.
1500 80.5 1 %. 50.0 £1 %. 3.611%.
1640 79,0 £1 %. 45,7 +1 %, 3.641%,
1750 75.2 £1 %. 42,9 +1 %. 3.6+1%.
1800 72.0+1 %. 41,7 1 %. 3.6+1%.
1900 68.0+1 %. 39.5+1 %. 3.6+1%.
1950 66.3 £1 %. 38511 %. 3.611%.
2000 64.5+1 %. 37541 %. 3641 %,
2100 61.0 41 %. 35,7 +1 %, 3.6+1%.
2300 55.5+1 %. 3261 %. 3.6+1%.
2450 51,5 +1%. PASS 30.4+1 % PASS 3.61%. PASS
2600 48.5 1 %, 28.8+1 %. 36+1%.
3000 41.5 1 %. 25.0+1 %. 3641 %
3500 37.0+1 %. 26.4 1 %. 3.6+1%.
3700 34.7+1 %. 26.4£1 %. 3.6 ¥1 %.

7  VALIDATION MEASUREMENT

The IEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards. the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fre'qw:ezncy Relative permittivity (g/') Conductivity () S/m
required measured required measured
300 453 5% 0.87 £5%
450 43545% 0.87+5%
750 419 5% 0.89+5%
835 A1.5+5% 0.90+5%
900 41515% 0.9715%
1450 405 £5% 1.20+5%
1500 404 5% 1.23+5%
1640 402 5% 1.3145%
1750 40.1 5% 1.37+5%
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1800 40.0 15 % 1.40+5%
1900 40,0 5% 140+5%
1950 40.0 £5% 1.40+5%
2000 40015% 14015 %
2100 39.8+5% 1.49+5%
2300 3954+5% 1.6715%
2450 39.2+5% PASS 1.80+5% PASS
2600 39.0%5% 19615%
3000 38515% 2405 %
3500 37915% 2914+5%

7.2  SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Ligquid Head Ligquid Values: eps” - 38.9 sigma : 1.79
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=5Sm/dz=5Smm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 2176
Lab Humidity 45 %
F'e"\‘n':fz"c" 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2,85 194
450 4.58 3.06
750 3.49 555
835 9.56 6.22
900 10.8 6.99
1450 29 16
1500 30.5 16.8
1640 342 18.4
1750 36.4 193
13800 38.4 20.1
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1900 39.7 205
1950 40,5 209
2000 411 211
2100 436 219
2300 48.7 233
2450 52.4 54.29 (5.43) 24 24.20(2.42)
2600 55.3 246
3000 63.8 25.7
3500 67.1 25
r
987~
8
s
- 5 AN
= ) N
wor | e ) ;m
e 0 5 0 % B30
T At -
7.3 BODY LIQUID MEASUREMENT
T Relative permittivity (¢, Conductivity (o) S/m
required measured required measured
150 61915% 0.8015%
300 58.25% 0.9245%
450 56.745% 0.9445%
750 55.55% 0.96 +5%
835 55.245% 0.97 5%
900 55.05% 1.055%
915 55.05% 1.06 5%
1450 54.0 5% 1.3045%
1610 53.85% 1.40£5%
1800 53.345% 1.5245%
1900 53315% 15215 %
2000 53315% 1.525%
2100 53.215% 1,625%
2450 5275% PASS 1.95+5% PASS
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2600 52.55% 2165%
3000 52,045% 2.7315%
3500 5135% 3.3145%
5200 49.0+10 % 5.30£10 %
5300 48.9+10% 5.42 +10 %
5400 48.7+10% 553110 %
5500 48.6+10% 5.65+10 %
5600 48.5+10% 577£10%
5800 48.2+10% 6.00£10%

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liguid Body Liquid Values: eps’ : 52.7 sigma : 1,94

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=Smm/dy=5Sm/dz=5Smm

Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21.7C
Lab Temperature 21°C
Lab Humidity 45 %
gt 1 SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 54.70 (5.47) 24.86 (2.49)
T T "
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8 LIST OF EQUIPMENT

Equipment Summary Sheet

,‘i“;‘;’;;;:;; Noga | [Mentification No. Canmtnam | i C;gmﬁm

SAM Phantom MVG SN-20/09-SAM71 :fc;ﬁfég‘_i blgs :’eﬂﬁfé?' Pl 2

COMOSAR Test Bench|  Version 3 NA | ;:ﬁfézq Ne el ?’:q'ﬁféff' N Sl
Network Analyzer | Rnode % Sowarz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 10/2014 1012015
Multimeter Keithley 2000 1188656 12/2013 1212016
Signal Generator | Agilent E4438C MY49070581 1212013 1212016

Tl T o e
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 fer;?'a,jgeggffegﬂﬁgf ggfraﬁfgsf?egﬁﬁ;?
Leurr':ﬁggt;fnasg? Control Company 11-661-9 8/2012 8/2015
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Summary:

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




Lin t No.: BL-SZ1730238-701

SAR REFERENCE DIPOLE CALIBRATION REPORT RV ACKSIRISSATIIN
Name Function Date Signature
Prepared by : Jérome LUC Product Manager 3/16/2015 ﬁ
Checked by : Jérome LUC Product Manager 3/16/2015 //5’
Approved by - Kim RUTKOWSKI Quality Manager 3M6/2015 | ucthad

Customer Name

SHENZHEN
BALUN
TECHNOLOGY
Co..Ltd.

Distribution :

Issue Date Modifications
A 3/16/2015 Initial release

Page: 2/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to
be released in whole or part without written approval of MVG,



Lun

L IEEERIOIRTIO o saevtevsintavedios s bunsstimteenbordorss deis s s on oo o x alioibns deatissin bt orisid s leiviive 4
/S B (52 (o 15 4 1 VR O IR WS TP P N g0 S U NP TR PPN P T 4
31 ROt DR SEIIIONL . &vesturvrasPiosmretpatebnydisss sovrsevs e dadsssonsabiamsdoas dasni e rasinsthogoarabhsmivts 4
31 General Information 4
4 | VIRaspremetit MBTOD L. cres o550t o s S S i o oo ol e is s = 1Py e 5
4.1 Return Loss Requirements 5
42 Mechanical Requirements 5
3 eSSl WO O AN 7o, 10 (i terees i st senrn s simege e sestopsnsssdedeitens s g vneas ko seswos b i 5
5.1 Return Loss 5
5.2  Dimension Measurement 5
5.3 Validation Measurement 5
6 Calibration Measurement RESUMS .........ocivieii it eesseenes 6
6.1 Return Loss and Impedance In Head Liquid 6
6.2 Return Loss and Impedance In Body Liquid 6
6.3 Mechanical Dimensions
T Valid e on AR ORI .o cciasons ot srose disssbonsdmmansssads ins soshais s vhssdods dbebads dusb v onsdedtuss 7
7.1 Head Liquid Measurement v
7.2 SAR Measurement Result With Head Liquid 8
7.3 Body Liquid Measurement 9
7.4 SAR Measurement Result With Body Liquid —— 10
& ' LSt OF EOIpPIC, .. e s sornes s Sstensdoss deshes B avasteiofosionsedoss b riateie-y bt oo speis dosle 11

SAR REFERENCE DIPOLE CALIBRATION REPORT

Report No.: BL-SZ1730238-701

Ref: ACR.75.13.15SATU A

TABLE OF CONTENTS

Puage: 3/11

This document shall not be reproduced, except in full or in part, without the written approval of MVG.
The information contained herein is to be used only for the purpose for which it is submitted and is not to-

be released in whole or part without written approval of MVG,



Lm Report No.: BL-SZ1730238-701

SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR.75.13.15.5ATU.A

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, FCC KDBs 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 2450 MHz REFERENCE DIPOLE
Manufacturer MVG
Model S1D2450
Serial Number SN 25/13 DIP 2G450-251
Product Condition (new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

Figure 1 — MG COMOSAR Validation Dipole
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4 MEASUREMENT METHOD

The IEEE 1528. FCC KDBs and CEVIEC 62209 standards provide requirements for reference
dipoles used for system validation measurements. The following measurements were performed to
verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICAL REQUIREMENTS

The IEEE Std. 1528 and CEVIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles. with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thickness therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2
mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

5.2 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

5.3 NALIDATION MEASUREMENT

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

lg 203 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT

I(Jg 20.1 %

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIQUID

Frequency, MHz
2380 2400 2420 2440 2480 2480 2500 2520 2550
[ | r

11, d8

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -26.46 -20 493 Q-4.7Q

6.2 RETURN LOSS AND IMPEDANCE IN BODY LIQUID

Frequency, MHz

2420 2440 2460 2480 2500 2520 2550

2350 2330 2400

SN, dé

40-
Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance

2450 -23.34 -20 53.4Q-6.2jQ

6.3 MECHANICAL DIMENSIONS

Frequency MHz Lmm hmm d mm
required measured required ed required ed
300 420,0 £1 %. 250.0 £1 %. 6.35%1 %.
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450 290.0 1 %. 166.7 £1 %. 6.35+1 %.
750 176.0 1 %. 100.0+1 %, 6.35+1 %,
835 161.0 £1 %. 89.8 +1 %. 3.6 +1%.
900 149.0 £1 %. 83311 %. 3.6+1%.
1450 89.1+1%. 51.7+1 %. 3.6+1%.
1500 80.5 1 %. 50.0 £1 %. 3.611%.
1640 79,0 £1%. 45,7 +1 %, 3641 %,
1750 75.2 £1 %. 42.9 £1 %. 3.611%.
1800 72.0+1%. 41,7 £1 %. 3.6+1%.
1900 68.011 %. 39.5+1 %. 3.6+1%.
1950 66.3 11 %. 38511 %. 3.6+1%.
2000 64.5 +1 % 37.541 % 3.641%
2100 61.0+1 %. 35,7 +1 %, 3,641 %
2300 55.511%. 3261 %. 3.6+1%,
2450 51,5 +1%. PASS 30.4 +1 %. PASS 3.611%. PASS
2600 48.5+1 %. 28.8+1 %. 3.6+1%.
3000 41,51 %. 25.0+1 %. 3.641%.
3500 37.0£1 %. 26.4+1 %. 3.6 +1%.
3700 34.7+1 %. 26.4 11 %. 3.6 1 %.

7  VALIDATION MEASUREMENT

The TEEE Std. 1528, FCC KDBs and CEIIEC 62209 standards state that the system validation
measurements must be performed using a reference dipole meeting the fore mentioned return loss
and mechanical dimension requirements. The validation measurement must be performed against a
liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned standards.
Per the standards, the dipole shall be positioned below the bottom of the phantom. with the dipole
length centered and parallel to the longest dimension of the flat phantom, with the top surface of the
dipole at the deseribed distance from the bottom surface of the phantom.

7.1 HEAD LIQUID MEASUREMENT

Fre&l;ezncv Relative permittivity (g/) Conductivity () S/m
300 453 5% 0.87 £5%
450 43 545% 0.87 5%
750 419 +5% 0.89+5%
835 A1.5+5% 0.90+5%
900 41515% 0.97+5%
1450 405 £5% 1.205%
1500 404 5% 1.23+5%
1640 40,2 £5% 13145%
1750 40.1£5% 1.37+5%
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1800 40.0 5% 14015 %
1900 400 5% 1405 %
1950 40,0 5% 1.40+5%
2000 40015% 14015 %
2100 39.8+5% 1.49+5%
2300 39545% 1.6715%
2450 39.2+5% PASS 1.80+5% PASS
2600 39.0%5% 1.9615%
3000 38515% 2.400+5%
3500 37915% 29145%

7.2 SAR MEASUREMENT RESULT WITH HEAD LIQUID

The TEEE Std. 1528 and CEVIEC 62209 standards state that the system validation measurements
should produce the SAR values shown below (for phantom thickness of 2 mm), within the
uncertainty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR is given with the used input power.

Software OPENSAR V4
Phantom SN 20/09 SAM71
Probe SN 18/11 EPG122
Liquid Head Liquid Values: eps” - 38.9 sigma : 1.79
Distance between dipole center and liquid 10.0 mm
Area scan resolution dx=8mm/dy=8mm
Zoon Scan Resolution dx=Smm/dy=Sm/dz=Smm
Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperature 2176
Lab Humidity 45 %
F"’:A‘:fz"“' 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2,85 194
450 4.58 3.06
750 3.49 555
835 9.56 6.22
900 108 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 193
1800 38.4 201
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1900 39.7 20.5
1950 405 209
2000 411 211
2100 436 219
2300 48.7 233
2450 52.4 54.29 (5.43) 24 24.20(2.42)
2600 55.3 20.6
3000 63.8 25.7
3500 67.1 25
r
Sozen
387~
8
34
s o % 23 0
— rrn y
7.3 BODY LIQUID MEASUREMENT
e Relative permittivity (/) Conductivity (o) S/m
required measured required measured
150 61915% 0.8015 %
300 582 5% 0.9245%
450 56,745 % 0.94 5%
750 55.55% 0.96 5%
835 55.2 5% 0.97 5%
200 55.0 5% 1.05%5%
915 55.0+5 % 1.06 +5%
1450 54,05 % 13015 %
1610 53.815% 1.405%
1800 533+5% 1.5245%
1900 53315% 1525%
2000 53315% 1.525%
2100 53.245% 1.6215%
2450 5275% PASS 1.955% PASS
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2600 52.545% 2.1615%
3000 52,045% 2.7345%
3500 51315% 3.3145%
5200 49.0+10% 530£10%
5300 48.9+10% 5.42+10%
5400 48.7+10% 553110 %
5500 48.6+10% 5.65£10 %
5600 485110% 5.77£10%
5800 48.2+10% 6.00£10%

7.4 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 SAM71

Probe SN 18/11 EPG122

Liquid Body Liquid Values: eps’ : 52.7 sigma : 1,94

Distance between dipole center and liquid

10.0 mm

Area scan resolution

dx=8mm/dy=8mm

Zoon Scan Resolution

dx=Smm/dy=5Sm/dz=Smm

Frequency 2450 MHz
Input power 20 dBm
Liquid Temperature 21.9C
Lab Temperature 21°C
Lab Humidity 45 %
F'e:n‘;ez"w 1 g SAR (W/kg/W) 10 g SAR (W/kg/W)
measured measured
2450 54.70 (5.47) 24.86 (2.49)
T "
Swnbw Fadued momiy T ’ /
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B
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’ N
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SAM Phantom MVG SN-20/09-SAMT71 :’eﬂﬁfég" Dl :’eﬂﬁf‘eﬁf" P 5

COMOSAR Test Bench|  Version 3 NA ;’:q':jff;id No cal ?’eﬂﬁfetzd' Na %l
Network Analyzer | Rnode % Sowarz SN100132 02/2013 02/2016
Calipers Carrera CALIPER-01 12/2013 12/2016
Reference Probe MVG EPG122 SN 18/11 1012014 1012015
Multimeter Keithley 2000 1188656 1212013 1212016
Signal Generator | Agilent E4438C MY49070581 1212013 1212016

R I e e
Power Meter HP E4418A US38261498 1212013 1212016
Power Sensor HP ECP-E26A US37181460 1212013 1212016

Directional Coupler | Narda 4216-20 01386 ?e’:’a'\‘jfgaszegﬂﬁgg’ gg?’aﬁf;‘:f?eggﬁ;;°
Leumggtgfnasg? Cortrol Company 11-661-9 8/2012 8/2015
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1 INTRODUCTION

s document contans a summary of the requirements set forth by the IEEE 1528, FCC KDBs and
CEVIEC 62209 standards for reference dipoles used for SAR measurement system vulidutions and

the measurements that were performed to verity that the product complies with the fore mentioned

standards,
2 DEVICE UNDER TEST
Device Under Tesl
Device Type COMOSAR 2600 MHz REFERENCE DIPOLE
Muanufacturer MVG
Maodel SID2600
Serial Number SN 23/13 DIP 2G600-254
Product Condition (new *used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION
31 INERAL INFORMATION

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

Figure 1 - M7 COMOSAR Validation Dipole

Page: 411
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4 MEASUBREMENT METHOD

The IEEE 1528, FCC KDBs and CETTEC 63209 standarils provide requirements for reference
dipiles used for sysiem vahdalion mensuremenis.  The [ollowine measurements were perlormsed 1o
vertly thin the product complies with the fore mentioned stindurds

41 RETUERN LOSS REOUIREAENTS
The dipole used for SAR sysiem validation meagsurements anid chechs must have a return loks of 20

dib or betler. The retum loss measirement shall be perfonmed agamsl a ligod lilled Dol phoaniom.
with the plantem consucted s outlmed mihe fore meniioned stiindurds.

4.2 MECTIANICAL RECHTREMERNTS

IThe IEEY %id. 153% und CELRBC 62209 standards specify the mechanicul components and
dimensions ol (he valdubon dipeles, with the dimenzions frequency and phianiom shell thiclosess
dependent,  The COMOSAR wa bench employs 0 2 mom phantom shell thckness iherefors the
diples sl T tse Wil Me CORMOSAR 1es Tencll comply with e regirenes s Gl o a 2
s phiamaom shell lhiickness

5 MEASUREMENT UMCERTAINTY

All uncertuimtics lsled below represcol an expanded imeerluinty expressed al approoamalely the 95%
caonlidenee level vsing a coveraee Dctor of k=2, raceable 10 the Intermationally Aceepied Cuides 1o
Menzuremn=nt Linceriaml v

51 RLTUIRM LOsS

The Following uncenaintios apply 1o the reium loss measurement

Fregoency hand Expanded Lncertainty un Returm Loss
A-GO00M 1. n.1de

51 DIMEMWSION MEASUREMEN

e ollowing unceramties apply 1o tie dimension messtrements:

Lenigtli (i) Expinndid Uineertsbily an Lsisth

3 -300 1105 mam

53 VALIDATION MEASUREMENT

The gudelmes oullimed in the IRER 1528 FOC EDHEs, CENELLDC ENSIEGT apd CEDIC /2209
stimdards were followed o generate the measurement uncertiuty for valulibon measurements,
Seum YVolune Expunded e rianiniy

g 0.3 Y

Pagas 301
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20.1 %

|(lg

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE IN HEAD LIOUID

Freoescy. MH:

= =X 5 > SN X %) ) U - ()

0Ho

Frequency (MHz) Return Loss (dB) Requirement (dB)

Impedance

2600 - 20,66 -20

51.0€2+ 94,40

62 RETURN LOSS AND IMPEDANCE IN BODY LIOUTD

Freousres Wiy

53 & X =4 X0 260

20 a0 Pacl b JED 2530

&

Frequency (MHz) [ Return Loss (dB) Requirement (dB)

_Impedance

!
2600 2217 -20 A79Q + 750
6.3 MECHANICAL DIMENSIONS
Frequency M Lmm hmm o mm
required messured requiced : measured réquirad measured
00 | 20021 % 250.081'% 53521 %

FPage: o]}
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mvE SAR REFERINCE DIPOE C AL P TI0N EEPOILT WA LA LA
a=] OO+ W Tem, 73] 5. AASEIH
T = TR 100,041 —
Bih IET#] % ESH 1 1galm
40 EASA £ % LR PLES Af=1%
1450 AL 41 % 51781 % 1E2l%
1500 EO5 1 % 500l 15218
EE40 T3l T ASTHI % 1641w
sn o141 LV R-ThE Y AGL1
1R Tl f L7 e % d6zl%
100 BEI+1 % 39,541 3641%
] FEI LW 30545 % EE
200 (A FIE 3:151:3'1 1as1%
20y ELO %L W, 36781 521N
2158 ELY W LA Th=ie
2450 S5LE41W, 0,4 £ W 1E21R
JEan 155+ % BhES IR ELL % FAZE 4=l PSS
000 A1521% 15041 % IEz1%E
1500 IT0LLH, ThA £ 3Ez1A
amo 4. 731 A T4 £l " Aps1'E
T VALIDATION MEASURFMENT

The IEEL Std. 1524, FOC kDG and CEVIEC 62205 standards state il the syvseemn vulidation
incasirements st e perfommed wsmig o relermee dipale meeting il fore menfioned oot loss
andl mpechameal dimension requirements,  The validoing messurement must be perlirmed agansd a
lipuid Filled Man phaoen, with the phamom comstructed as omlined in the Tore mentioned stmdards,
Per the standards. the dipole shall be postioned below Uhe botlom af the phantom. with the dipole
Jength centered sand parallel 1o the Tongest dunension of the Matl phasiton, with the top surface ol the

dipole at e deseribed distance Gorm the baltom surfiee of the phantom.

mr:r:v Relative permitthity fe.'} Conucaiity (a) /m
300 A o7 15
150 H555w A7 85
750 A1l EE 0B %
s 415 455 0a045%
oM A1 5 5N D575 %
1450 DELEN LansS W
1800 LhE T 1134%
1640 maaste 131 455

| wisw 135
Page: VI
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1R O NEE 19085 %

130 o Tweaw |

1450 048 140085 '

a0 A0 5 % LAD 85 %

1100 A 1,48 85 %

300 515N 1ETE5 %

250 T 5% 1601 £5%

TR F|WNLER FEss 18685 % PASE

| am mitsh || awaw |
2590 ATH 2,50 5

7.2 SAR MEASUREMENT RESULT WITH HEAD LI

The TEEE Std 1328 and CEVIRC 62209 ataninrds state v e systan validation tssinenisins
showld produce the SAR values shown bolow (for phantom (hickoess ol 2 mm ) within the
uncertainly for the svstem validation. Al SAR valies are pomomlized w 1 W forward power. [n
brachel, the mensired SALR = prven wilh the used mpol power.

| Foltyenre | OFEMSAR V&
Fhamlsm SO VI SAMT]
| Probe S ERGID
Libguiid Head Liguid Values. eps - 383 s - | 03
Tristance betwien dipobes centér und Tigued R T
A o resc i ion = Hmm-’d}'-'{mm
Ao SoEn Fesnluion b= Sy S U Smm
Frequency A
Inp & power Ih 8w
Liqusd Tempemiur T
© Lub Tempeniure A
] Lub Disnichay [T
F“r;“,‘l‘::"“" 1 SAR (W) kW) 10 g SAR (g W
Gl XBS 144
Ao 458 1me
0 LR 545
nis 958 [P
L] 184 Gas
50 1 16
150 aps 168
11D 0.2 184
1750 F Ehid 193
1800 38,4 0
FPape! 801

i vl ksl v b el s i i) v i . sl i sl syt ol A4077
T derboammuison oo heoms o i by snd o o e e Lo kil i dn ol il Ly vmr o
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1900 387 205
3 J350 =i | _—A—L‘; > IE 7 5‘;— i 3
2000 A11 21,2
2100 e 219
2300 48.7 234
2450 52.4 24
2600 553 5737 (5,74 246 2468 (2,97)
000 CER 5.7
3500 6§71 L | 25 |

:

!

e SRS

‘ Tm L

o |

m":::‘" Ralative parmittivity {e) Conductivity (o) $/m
qul d d requi d Jrect
150 619 5% .80 25 %
300 3B215% 092t5%
450 H6.745% 0.5925%
750 35545 % Q.96 5%
835 552 45 % 0.8715%
900 S50 5% 1.0525%
915 BOLS% 1.06£5%
1450 MO5% 13035 %
1610 538 45% 140 £5 %
18040 $3315% 1.52£5%
1900 33315% 152125%
2000 33315% 152 £55%
2104 S3245% 16235%
" 2450 | saasw | | awasw | .
Page: %11
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26401 7.5 45 W FASS TIE$S W PSS
S!J-Lii.] 1 'ﬂ r:ﬁ‘-'- I - T 2-'-‘.3-1‘.5‘*1 1
35040 LERE EELEL T
52001 3,0 010 W 53002305
33 AR 410% 541 210%
S0 ABT 110 % S53£10%
5500 A8 .6 110 ju 565 110%
S £B.S £I0% 577 0%
En?-i?f.-H] 1 x_arnn i r :_ntau'-; ;

74 SAR MEASUREMENT RESULT WITH BODY LU

Solfbwarne CIFENSAR V4
| Phantom SN 200 SAMT]
| Prote S IR BRGEZD
| Laguid Hody Ligiud Valies eps 316 snmma r 221
| Dastance batwean depele conter and Hgud L
' Aren wsem resolilion =B dv-=Hmmi
| Zoon Zoan Resoltion der=Smmdy=Smmdz=Smm
| Fregueney 26001 WfHz
| Inpiz power i) dFm
s Lowjuial Temnpasrinare e
| Lok Teoperature 2]+
[ Lab Huenidiny A5 "
Freguency
e 1 g SAR (W kW) 10 g SAR {indlg W)
LTI nereasa e o
PLLE 7452 |5TE) 2530 | TS5

Faggay M 1
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SAM Eramiom Wy S 20MG-SAMT ';:i:i‘f"ﬁ Flagdl "i_jj:_'f:;” Bl )

COMOSAR TastBench|  Versond rA e Rl ::q'!_‘f;"ig“' hip )
Fastworis Aralyer ﬁ'”“;ﬁ'm“m sMTOOT3z 22013 022016
Calipars Carrera CALIPER-01 122013 120ma
Ralerarce Probe My EPG122 5N 1811 T4 12 s
rudimeter Kelthiey 2000 1180ESE 1253 132ma
Sanel Generator | Agilent E4435C MY AD070S51 Y HE 1M E

R BN P e
Fwer Mater HP E4418A LiS38z61408 12003 1IHE
Fower Serso: HP ECP-E26A USaFIE{ 480 1202072 1276
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F.7 5 GHz Waveguide

SAR Reference Waveguide Calibration Report

Ref: ACR.75.15.15.SATU.A

SHENZHEN BALUN TECHNOLOGY CO.,LTD.

BLOCK B, FL 1, BAISHA SCIENCE AND TECHNOLOGY
PARK, SHAHE XI ROAD,
NANSHAN DISTRICT, SHENZHEN, GUANGDONG
PROVINCE, P.R. CHINA 518055
MVG COMOSAR REFERENCE WAVEGUIDE
FREQUENCY: 5000-6000 MHZ
SERIAL NO.: SN 30/13 WGA24

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

AN
R Nl v —
2 i~ |ACCREDITED|

by

03/16/2015

Summary:

This document presents the method and results from an accredited SAR reference waveguide
calibration performed in MVG USA using the COMOSAR test bench. All calibration results are
traceable to national metrology institutions.
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1 INTRODUCTION
s document eontams a summary of the reguirements set Borth by the TEEE [52% and CRIIED
AI200 spanpdards: lor reference wavepeides used Tor AR memswroment systam validations and fhe

messimemenls thal were perlimmed o verly that the product complies with the Dire moentiomed

sturidards,
F] DEVICE UNDER TEST
Device Under Test
[rwice Tvpe O I0E AR SR-n R A1 REFERISCE W AVEGLUINE
Manuleturer MY G
Miidel SWGSSO0
Seral Niumber SN K13 WiGEAZS
Prodisct Condition {new | used) | Tlsed

A wearly calibranion anterval is recommended.

3 PRODLCT DESCRIPFEION

3.1 GENERAL INFORMATION

MVGs COMDSAR Validation Waveguides wre bailt in necordance w the IEEE 1528 and CELVIEC
0220% stamdards.

4 AMEASTURFEMENT METIFOD

The IEEE 152% amd CENTEC 62209 standards provide veguipemants for relerence waveguides wsed
For syslem validaiion merswremientz, The follawing measurements were performed Lo veri fy that the
product complies with the fore menbioned standards.

4.1 RETURMN LOSS REQLIREMEN TS

The waveguide esed e SAT system validiion measoagements and chacks must have a reen loss ol
-8 I3 or batter. The roturm loss measuremcnt dhall be performed with matching layer placed in the
open end ol the wovegwde, wilh the wavegwde and medching lever m diecl contact wilh the
phutorm shiell s outlined in the fore mentioned stunidards

42 MECHANICAL REOLIREMENTS

The TEEE 152% and CELTEC 622009 standards spéeily the mécTancal dimensions of the validation
waveguide, the specilied dimensions are a5 shown in Seelon 02 Figore 1 shows how tha
dimensions relute o tie phoysicl construction of the woavestide,

Page a1
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3 MEASUREMENT UNCERTAINTY

Al uncertamiies lsted below represenl an expanded imoerimiy expressed ol approcamalely the 5%
coplidenee level uging o covermes Tctor ol k-2, imeeable 1o the Inemationally Accepted Guidis 1o

hleasirement Uncertainty

51 BETURN LOSS

e lallowang uneeriamlies apply to the rélinm loss measurement:

Frequeney boamd

Expanded Uncerainty oo Helum Loss

AN0-GO00N H

(.0 di

52 DIMENSION MEASLREMENT

e Lollowing uncertinties apply Lo the dinension megsurements:
-} !

Length (i)

Expamded Uneertainty on Length

3 - 3

005 mm

23 VALIMATION MEASUTREMENT

“The guidelings outlined m the IEEE 1528 and CEVTEC 62208 standards were followed 10 generite
iz measirement wneer sty lor validation memsurements,

| Sean Vilamie Expandes Uncertainiy |
| 1g 2013 %a [
g 2011 4 i
6 CALIBRATION MEASUREMENT RESULTS
G0 BETURN LSS I THLAD LICRUTTT
Syigumy. M-
L BN W ®N S 5w W

Trtieny gl o AT
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SAR REFERENCE WAVEGUIDE CALIBRATION REPOKRY R ACRTI104SATU &
Frequency (MIHz) | Returm Loss (dB) | Requirement (dB) Impedance
5200 -9.7% -8 2060 -9.1;0
S400 -10.54 -8 8970+ 123j0
3600 15010 -8 8.1 - 9.8§0
3800 1304 -8 S4.0 €1 - 23 4501
6.2 RITTURN LOSS IN BODY LIOQUID
Firoguees NH:
5T S S0 =] e A 50 Al %0
<
Frequency (MHz) | Return Loss (dB) | Requirement (dB) Impedance
| 5200 -9.20) -8 25.7Q + 106 jQ
34400 -9.92 -8 95RO X8)Q
5600 1389 -% 353 0-02i0
5800 -11.91 -8 360 L) - 27.2 0
63 MECHANICAL DIMENSIONS
e 1 LT W (mam. Lo (rmnd) Wi (nan) T (mm)
_.'\Ih;“ Roguit A sy LTI Meusw Ragiie Masiure | Eogui Aeasiny Roquue |5 T
Y - d 4 d d d d d d d {
e 40,39 = P iy £ & R 03= DARR Ol AW = o
| 20| prec || VCL aus, | PED 1 alenl) SO ) g il oo d
v 1035 4 A & nie S 8103 A o ul g =
Ss) 013 PASS o3 PASS 013 PASE AT PAS 43 ASSE

* The tolerance for the matching layer is included i the retumn loss measurement.

Fage: 013
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(O v mattow comiatned vt 12 00 M wad oy Ko the Janpose By wldod IF L oudithed dnied Ls o Ao
e meveasedd 1y whofe ov pord wi o weew esseal af 100



Lm Report No.: BL-SZ1730238-701

SAR REFERENCE WAVEGR IDE CALIBRATION REPORT S5 ACR TR MEATTLA

mvG

haaReviin i v ar

Figure 11 ¥ alidation Wavepuide Dimensions

7 VALIDATION MEASUREMENT

The TEEE Std. 1528 and CEVIEC 62209 stundards state ihat the system validation measuarements
must be performed using a reference wovesuide mecting the fore mentioned return loss and
mechmmical dimension reguirements,  The validabion mensorement must be perfommed with the
mumching laver ploved i the open and of the wavegode, with the waveguide and motching layer in
dirser comtact wilh the phaitan shell

7 3 I o IR

m:;:;""" Relative permittivity (] Conductivity (o) 5fm
5000 36,2 +10 % 4,45 £105%
100 36,1 #10 4 456 +10%
L2 36.0+50% PSS 456 £10% Pdgs
3300 35,9 £10 % 4,76 £50%
B2l A58 210 W PASS 486 +i) 5 PASE
500 35.6 110% 497 £10%
SHI0 IE5210% PASS 507 £in% PASS
5700 I5.410% 517 +0%
800 A531I0H PASS 527T+ID% PASS
ZE00 35,2 sE0"% 530S
(o] 451 e10% 548 +in W

Al those frequencics, the largel SAR valoe can nol be genenc. Hercunder 5 he largel AR value
deéfimed by AIVG. wallini the imcertimty Tor the syvetem vilidation, Al SAR valies dre oomoulized
i 1 W net power. In bracket, Ure mensured SAR 15 griven with the used wpul power.
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| Softwiare OPENSAR V3

| Phantom SN 20VB SAMTI

| Probe SNSI] EPGI22

| Liguid Head Liguid Values 3200 MHz eps’ 3644 sigma 470

Head Lignd Values 3400 MHz eps’ 35 59 sigma
Head Liguid Values 3600 M2 eps’ 35
Head Liguid Values 3800 MHz2: eps’ 34.95

| Distance between dipole wavepuide and liguid

1 mm

| Area scan resolutiom

- Bmm/dy <Smm

| Zoon Scan Resolution

de=dmmdy=4m/dz=Zmim

Frequency 200 MHz
SHNMH2
SO0 M2
SEUU M 2
! Inpul power 20 Em
Liguid Temperature 21°C
[ab Temperature 2 ¢
Lab Humidity A5
| Frequency (MI1z) 1 g SAR (Wkg) 10 g SAR (Wikg)
[ reyuired measured required measured
1 5200 159.00 157.80 (15.78) 36.90 53.01 (5.50)
| 5400 166.40 162.69 (16.27) 38.43 56.17 (5.62)
| 5600 173.80 171.22(17.12) 59.97 58.57 (5.86)
| 5800 181.20 179,53 (17.95) 61.50 60.55 (6,05)

.

e '
1 1
el - “ ) “
i |
f-) - “+ 4 “+
welteN] 4 1‘
5 |
W 1] T
) { (] (LR | .
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SAR MEASUREMENT PLOTS @ 5400 MHz

! —

|
|

SAR MEASUREMENT PLOTS @ 5600 MHz
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T3 BODY LIOUID MEASHREMENT
m::_;m Ralativa permitivity fr'] Condurtraty (ol 5/m
vhilmd eniaauneel reejiidred EaasUTed

SHKI 8.0 £40 % PASS 5 3050 % PSS
53M 3110 % SA2 A0 5
Sl aETAI0 N [ =453 430 PASE
5504) AR G410 555 #2305
Sl M5 410 % PBhss £47410% PASS
SRU0 FLEES L FRSS A ODEI0 PASS

74 sSAR MEASUREMENT RESULT WITT BODY | 1cE 1D

Saftware UFENSAR W4

Phanlom | S

Prihe 07 RE] BIG AT

Liguid Aoy Lugued Valtes 5000 Ml epe S0 o sgme 5 11
Body Ligud Yalwes S MHz: epe 5101 spms . 5 5+
Bady Lugupd Vales 5600 MHz: eps' 40 Hmmma 585
Alody ]_.Lq'uui oalk s SR WIT T mne 4E 59 FEIME [ ah

Diistance between dipole woaveguide and liquid

mm

Adea scan resaluton

e By dy=dmm

Lo Bean Besolutio

b dmmmady=lmide=2mm

|"!"a:||ucm.‘], R TRN I
S0 MR 2
SN
| o g
gt power % B
Liguid Temperaurs 21 *E
Lab Temperature I
Lah Humidity 4%

Froguancy (AHz) | g SAR (W 'kg) 10 g SAR (Wikgl
measired st
52 15512 (15.51) 54,66 (5,473
S400 162,00 (16.21) 5646 [(5.65)
S 167.13 (16.71] 57,75 (5.79)
il 17319 (17.32) S930 (5933

Hipa: M4
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_BODY SAR MEASUREMENT PLOTS @ 5800 MHz
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B ACECTAOS LLEATH A

B LIST OF BOUIPMENT

Equipment Summany Sheet

el e e
Flat Prandom MVG sh-anmgsanry R o - g
COMOSAR Test Bench|  Versions A "’:"J'u';’ra;zd Mccal fq'f;;“ M cal
[ —— L ?ﬁ“‘“"“?’z ST 2013 TG
Calipars Carfera SALIPER-I 14213 13N E
Refaranoe Prabe My EPG122 SN 181 1072014 1o/
Mutimetar Kaithiey 2000 1188655 122013 12006
Signal Generaio Agilesd E44350 I A807 0581 122013 122meG
Arpilies Authemomm i sty whey g el
Prwer Metar 48 Eda1aA |saags1 50 {21213 {2EmE
Fower Sersor HE ECP-EZaA USaT 181460 123 12r1a
Cirectional Coupier Mards 4546-20 CHs E;E’H&ES::E?HEE;:E %TT;E:F&%E;LD
L‘:m';l‘:; :RE' Contral Company 11810 B0tz B{E
Pape: 1515
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