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Glossary:
TSL tissue samulating lousd
NORMy,2 sensidivity in fres space
Com sensitivity in TSL | MORMxy.z
pce diode comprassion point
cF crost Eactor (1iduty_cycle) of the RF signal
ABCD modulation linsarizaton
Polarization o i rotation amund probe axis
Polartzation 4 |mummdmmwihhmmuﬁwmlummmm.
ie., 8 = 0 is normal to probe ixis
Connactor Angio rﬂMmewhdwpmbuWXBmmmw
Calibration is Performed According to the Following Standards:
a} IEEE S 1528-2013, *JEEE Recommanded Practicn for Determining the Pesk Spatial-Averaged Specific
mMnhwmmmeDﬂm-w

Absorpbon
Tochniques®, June 2013
] IECMLWWMMWWM[S&RIHMWMHM

¢} IEC82200-2 WEMMMWM{M {or wireless communication devices
used in ciose proxamity fo the human body (frequency range of 30 MHz to B GHz)", March 2010
1] mm.wwwhmmuaw

Methods jed and Interpretation of Parameters:
«  NORMyy.r- Assessad lor E-fiskd polanzation § = 0 {f < 800 MHz in TEM-cefl; { = 1800 MHz: R22 waveguadit).
NORMz,y.z are only infnrmediate values, |e.. he uncerainties of NORM.y.: does nol affect the E"-fisld
inside

. Wrwitmh:'w_wtmmwm.mmwu
i in immmmnu,mmdhhﬂWth

- m,yzmrnmmmmmmmwmumﬂmmmcw
wmwmww nﬂtdq:ﬂtdmmmlm
. PRPMHWMHWMMHMWHWMMNM

charactenstics

s ALy Bxy.r Crjs Deyr VRipE A B.C D are numerical assessed based on
the data of power sweep signal, o not depend on frequency nor
media. VIR is the maximum wwmmswanwmm

nmﬁ.y.z-wwmnmmmnuwiu ConvF. A requency
ConvE is used in DASY version 4.4 |MWMM¢MMMM:EHNN11M

MHz.

. WWMWmmnm;n.m#wmmm-umm
exposed by a paich anlenna.

. wmmmmmummumwwmumﬁp
l,mmncl!.Nnmnnnwhd.

. wmmmummthmwmmnmim
unCartainty requingd)
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ES300I - SNAIT Ocioher 1, 2015

Probe ES3DV3

SN:3337

Manufactured:  January 24, 2012
Calibrated: October 1, 2015

Calibrated for DASY/EASY Systems

[Nate: non-compatibla with DASY2 systemnl)
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ES30V3- SN-3337 Oclober 1, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337
Basic Calibration Parameters

Sensor X Sensor ¥ Sensor Z Une [k=2]
Mom (pViVim)) 1.10 0.96 1.00 +101%
DCP (mv]" 106.0 105.9 103.4
Modulation Calibration Parameters
[GiD Communication System Name A B c VR Unc'
dB | dByuv L] v (k=2)
o oW X 0.0 0o 1.0 000 | 1820 | #33%
¥ [T 0.0 1.0 183.2
z [T 00 1.0 167 3
The

ed uncertainty of measurement is stated as the standard uncerainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 85%.

* Tha uncertatos of Moim XY 2 do nof afect the E"-fekd uncerimety mside T5L (ses Pages 5 and 5}
:Mmm wncarisngy not egquared

ey smmhm.mmm“mmmmhmuhmﬁh
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ES30V3- 8N:3337 DOeclobaer 1, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Calibration Parameter Determined in Head Tissue Simulating Media

1 {MHz)© p-mu' w ConvF % | ConwF ¥ | ComnvFZ | Alpha® nl'r::j ;-H;J
150 52.3 0.78 763 7.53 763 004 | 120 | £133%
450 435 0.87 6.88 6.88 6.88 025 | 220 | +133%
835 415 090 B.32 632 6.32 049 | 145 | +120%
900 415 0.87 6.23 6.23 623 | 037 | 168 | +120%
1810 40.0 1.40 5.28 528 5.28 0.51 1.52 +120%
1900 40.0 1.40 523 523 523 08B0 | 116 | +120%
2100 308 1.48 528 5.28 528 0B2 | 135 | £120%
2450 39.2 1.80 466 4,668 4 66 080 | 126 | #120%

¥ Froguency virlkdity litve 300 MMz of £ 100 Mg only spphoes for DASY i 4 and Fgher (see Page 71, wise § & restncted 1o = 50 MHE. The
uncertainty i i R55 of B ConvF uncorainty st calibeation nequaency snd B uncarsinty for the indcated fequancy band. Frsguency vissaty
aviow B00 MHz is £ 10, 25, 40, 50 and TO MMz for Com asseasmants ot 30, 64, 128, 150 ond 220 MHr respociively, Abowe 5 GHz fequancy
waliclity cin D extindied 1 2 110 Miz,

¥ At trugquencian boelow 3 GHz, the valkdy of tsus parameters (¢ and o} can be relaned to = 10% if Sgued compensation formuls is appied 1o
msasired SAR vatuss. A freguoncies above 3 GHz. the validiy of Sssue parsenstnes [ ond =) s restricied 1o £ 5%. The urcenainty & the RSS of
s Com# uncedimerty for indaated tarpet issus parpmishars

4 Alpha/Dapth s determised dunng calbrason. SPEAG wartants thad ths remaining deviabon tus 1o the boundary eflect sfter compensation is
Alwarys lees tham + 1% Tor eequencess below 3 GMz and bilow = 7% for requencies between 3-5 GHz at any datance karger Than hall ihe probe 15
diaenatar rom the boundary

Curtificats Mo: E53-3337_Octi5 Page & of 11



ES30V3- SN:333T October 1, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Calibration Parameter Determined in Body Tissue Simulating Media

(M) © | ﬁr“ “tem | convex ComvF Y | ConvFZ | Alpha® m ;-';1
150 61.9 0.80 7.4 T.24 T.24 0.06 1.20 133 %
450 56.7 0.94 7.12 T.12 712 0.15 1.74 +133%
B35 552 0.7 .31 6.31 6.31 0.43 1.63 +120%
900 5.0 1,05 6.20 8.20 6.20 035 | 181 | £120% |
1810 533 1.52 4.94 454 4.94 0.54 1.48 £120%
1900 53.3 1.52 4.83 483 4.83 D45 | 178 | £120% |
2100 53.2 1.62 4.90 4.90 4.90 0.67 1.38 +12.0 %

| 2450 52.7 1.95 438 436 4.36 D8O | 144 | =120%

‘rmﬂ.mmu&dummn scspiins for DASY w4 ansl higher (ses Page 21, sise £ s resiziciod 10 = 50 Mkz The
uncestaaty i ie RSS of thie CorF uncestasty resquancy arnd (he uncansnty for the indcabsd fequency band. Frequency validity
Dolow 300 MHz n 2 m.aau.an-u 0 MHz for Conre® mssesaments 8 30, 84 128, 150 and 230 Mz apecively. Above 5 GHz requoncy
wlciy con be extended o 2 110 MHEz
" Al equencion balow 3 GHz, the velcty of Bssus parsmetors (x sod =) can be relaeed 102 10% il Sguid companaation formuss is apphed 1o
mansured SAR valises, Al irequencies above 3 GHE. the valaity of bepus pammstens (v and o} & maincied 1o @ 5% The uncertaety & ihe FESS of
ﬂwwﬂ'lﬂﬂﬂ‘-mm
e daderminad during calibeation. SPEAD wansris that the remaining deaation dus io s ey et ufter matin &

less than = 1% for raguoences bakow 3 GHE and beiow & 2% for insguencess befwenn 3-8 GHr af any distance larged than half ihe probe bip

it Brom [ bownilary
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ES30W3- SN33IT Oclober 1. 2015

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uneertainty of Frequency Response of E-field: £ 6.3% (k=2)
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ES30V3- 53337 Ociobar 1, 2015

Receiving Pattern (¢), 9 = 0°

f=600 MHz TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)
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ESI0V3E- SM333IT

Dynamic Range f(SARhead)
(TEM cell , fouu= 1900 MHz)
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Uncertainty of Linearity Assessmant: £ 0.6% (k=2)
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ES3DV3- SN:3337 Ociober 1, 2015

Conversion Factor Assessment

1= 900 MHz WGLS RS (H_conF) 1= 1810 MHz WGLS R22 (H_com)

L] u.-.k-.t "3:“ ll‘*-l-h - L -L . el E -;-‘ - L
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Deviation

-0 -08 -08 -D4 02 00 02 O4 06 OB 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cartificale Mo: ES3-3337_0ct15 Page 10of 11



Oclober 1, 2015

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3337

Other Probe Parameters

Sengsor Arrangemsent Trianguiar
Conneclor Angle (") 23
Mechanical Surface Detection Mode enabled |
| Opbical Surface Detection Mods disabled
Proba Overall Langth 337 mm
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diamaeter 4'mm
Probe Tip 1o Sensor X Callbration Poind Zmm
Probe Tip 1o Sansor ¥ Callbration Point Zmm |
"Probe Tip 1o Sensor Z Calibration Poin 2mm
Recommended Measurement Distance from Surface Imm

Centficate No! ES3-1337_Oct15 Page 11 of 11
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Glossary
DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
» DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

« Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

* The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

* DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurement.

* Common mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measurement.

* Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

» AD Converter Values with inputs shorted: Values on the internal AD converter
corresponding to zero input voltage

* [nput Offset Measurement. Output voltage and statistical results over a large number of
zero voltage measurements.

« Input Offset Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance.

» Input resistance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurement.

* Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated. '

= Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-1398_Mari5 Page 2af 5



DC Voltage Measurement
AD - Gonverter Hesoliution nominal

High Range: i1LSB = G.AuV, full -ange = -100...4300 mV
Low Ranga: 1LSB = BinY . full ranpe= -1 . _43mV
DASY measurament paramaters; Auto Zero Tme: 3 sez; Measuring fime; 3 sec
Calibration Factors X Y z
High Range 404177 +0.02% (k=2) | 404 150 + D.02% (k=2) | 403 823 + 0 09% (k=2)
Low Range 397359 +1.50% (k=2) | 3.99241 +1.50% (k=2) | 3.36904 +1.50% (k=2)
Connector Angle

| Connector Anale to be used in DASY system

j 19569 +1°

Certficate No: DAE4-1398_Mar15

Page G of §




B

nnandix (Additional azes
AppeEnaiX {ROQaional ass

1. DC Voltage Linearity

High Range Reading (pV) Difference (uV) Error (%)
Channel X + Input 1895%93.58 =110 -0.20
Channel X + Input 200C1.81 1.19 0.01
Channal X = Input -19988.75 2.81 -0,21
Channel Y + Input 19999417 -0.08 -0.20
Channel ¥ + Input ‘90eo. 73 -0.68 ~0.00
Channal ¥ = Input 20002 27 =074 000
Channeal Z + Inpurt 188894 .39 -0.01 0.00
Channei Z + inpui 19889 60 -1.B5 ~0.00
Channel Z = Input -20002.37 -0.85 0.00
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.37 -0.22 0.01
Channel X + Input 201.03 -0.14 -0.07
Channel X - Input -198.68 0.0 -0.00
Channel ¥ + Input 2000.16 -0.38 -0.02
Channe! ¥ + Input 199.64 -1.42 -0
Channel ¥ = Input -200.57 -1.B4 0.53
Channel Z + Input 2000.33 .14 -0
Channel Z + Input 190.88 -1.17 -0.58
Channel Z - Input -200.01 -1.12 0.56
2. Common mode sensitivity
DASY measurement parameters: Auto Zaro Time: 3 ses; Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (V) Average Reading (uV)
Channel X 200 -13.00 -14.85
- 200 16.87 14.7¢
Channal ¥ 200 8,85 214
- 200 =11.30 -11.41
Channel Z 200 718 7.52
-200 -2,35 -8.51
3. Channel separation
DASY measurement parameters: Auto Zera Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (1V) | Channel Y (V] | Channel Z (V)
Channel X 200 -368 -0.69
Channel Y 200 5.01 - -0.86
Channel Z 200 828 o074

Cartificate Mo: DAE4-1308_Mar &

Page 4 of E




4. AD-Converter Values with inputs shorted

NASY measirement paramatars: Ao Zen Time: 3 sec: Measuring tima: 3 sec

High Range (LSB) Low Range (LSB) l
Channel X 15953 16128
Channel Y 15864 17862
Channel Z 15845 14478
5. Input Offset Measurement
DASY measirement paramelars: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input 10ME2
i Averags {uV) min, OHsst (V) | mazx, Ofsst i) s -
{nv)
Channel X D22 -1.08 072 033
| Channel Y -1.19 1.94 -0.30 032
| Channel Z 1.48 2.11 0,01 032
6. Input Offset Current
Nominal Input dreuitry cffse: curent on all channals: <2514
7. Input Resistance (Typical values for infermation)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) 479
Supply (- Vee) 8
9. Power Consumption (Typical valuss for information)
Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vec) =0.01 -8 -6

Cetificate No: DAE4-1393_Mar15
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DIPOLE CALIBRATION DATA

SATIMO

The microwaye viskon company

SAR Reference Dipole Calibration Report

Ref: ACR.262.5.14.8ATU.A

SHENZHEN STS TEST SERVICES CO., LTD.

I/F, BUILDING 2, ZHUOKE SCIENCE PARK, CHONGQING
ROAD

FUYONG, BAO’ AN DISTRICT, SHENZHEN,CHINA

SATIMO COMOSAR REFERENCE DIPOLE
FREQUENCY: 835 MHZ

SERTAL NO.: SN 30/14 DIP0GS835-332

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

Summary:

This document presents the method and results from an accredited SAR reference dipole calibration

performed in SATIMO USA using the COMOSAR test bench All calibration results are traceahle
to national metrelogy institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref ACR2625.145ATUA
SATIMO

1 INTRODUCTION

This document contains a swunmary of the requirements set forth by the IEEE 1528, OET 63 Bulletin
C and CELVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to wverify 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

Seral Number SN 30/14 DIP0OG835-332

Product Condition (new / used) New

A vearly calibration interval 1s recommended.

3 PRODUCT DESCRIPTION

31 GENERAL INFORMATION

Satimo’'s COMOSAR Validation Dipoles are bult in accordance to the IEEE 1328, OET 65 Bulletin
C and CELTIEC 62209 standards. The product 15 designed for use with the COMOSAR. test bench
only.

Figure 1 — Sammo COMOSAR Validation Dipole

Fage: 4/11
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SAR REFERENCE DIPOLE CALIBRATION REPORT Fef ACR2625.14.5ATU.A
SATIMO

4 MEASUREMENT METHOD

The IEEE 1328, OET 63 Bulletin C and CELIEC 62209 standards provide requirements for
reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURNIOSS REQUIREMENTS

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

42 MECHANICAL REQUIREMENTS

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

5 MEASUREMENT UNCERTAINTY

Al uncertainties listed below represent an expanded uncertainty expressed at approximately the 935%
confidence level using a coverage factor of k=2, traceable to the Internationally Accepted Guides to
Measurement Uncertainty.

5.1 RETURNLOSS

The following uncertamnties apply to the return loss measurement:

Freguency band Expanded Uncertainty on Return Loss

400-6000MHz 0.1dB

52 DIMENSION MEASUREMENT

The following uncertainties apply to the dimension measurements:

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

33 NALIDATION MEASUREMENT

The guidelines outlined in the IEEE 1528, OET 65 Bulletin C, CENELEC EN30361 and CELIEC
62209 standards were followed to generate the measurement uncertainty for validation
measurements.

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

6.1 RETURNLOssS AND IMPEDANCE IN HEAD LIQUID
Fraquency. MHz
75 /B0 780 BOO BP0 B40 850 BAD 900 920 935
-10-
T
M IE
in
20-
95—
30-
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
835 -28.11 -20 51.602+3.610
62 RETURNLOSS AND IMPEDANCE IN BODY LIQUID
Fraquency. MHz
735 160 780 800 220 840 860 Ba0 9S00 920 935
-5
-10-
o
f:- -1 !'.,.
w
_20_
25
30-
Freguency (MHz) Return Loss (dB) Reguirement (dB) Impedance
835 -23 87 -20 4900+ 630
6.3 MECHANICAL DIMENSIONS
Frequency MHz L mm hmm d mm
required measured required measured required measured
300 42010 +1 % 6.35+1%
450 2900 +1 %, 6.35+1 %,
750 176.0 £1 % 6.35+1%
835 161.0 1 %, PASS PASS 36:1% PASS
Fage: 6/11
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900 149.0 #1 %, 833t 3.6+l %
1450 89.1+£1 %, 51.7+1%. 3.6+l %
1500 80.5 £1 % 50.0 1 %. 361 %.
1640 7901 %5 45.7 +1 % 3.6+1%.
1750 7521 % 42911 % 361 %
1800 72.0 %1 % 41.7 #1%. 3.6+1 %.
1900 68.0 1 %2 39.5 11 %. 3.6+1 %.
1950 66.3 +1 %5 38.5 11 %. 361 %
2000 64.5 *1 % 37.5%1%. 3.6+1 %.
2100 61.0 £1 %2 3571 %. 361 %.
2300 5551 % 32,611 %. 361 %
2450 51.5 #1 %a. 30.4 +1 % 3.6+1 %.
2600 43.5 £1 % 28811 %, 361 %.
3000 415 #1 % 250141 %. 3.6+1 %.
3500 37.021 %. 26.4 +1 %o 3.6+1 %.
3700 34.721%. 26.4 21 %, 3.6l %

7 VALIDATION MEASUREMENT

The IEEE Std. 1528, OET 65 Bulletin C and CELIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
return loss and mechanical dimension requirements. The validation measurement must be performed

against a liquud filled flat phantom, with the phantom constructed as outlined i the fore mentioned
standards. Per the standards. the dipole shall be positioned below the bottom of the phantom. with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1

Thiz document 5
The inforn:

be released i

hall not be reproduced, except i full ar in part, without
ontained hevein iz ro be used omly
whole er part withour weitten approval of L4 TIMO.

o the prrpose for which

HEAD LIQUID MEASUREMENT
Frez-u-ie:ncy Relative permittivity (g,') Conductivity (o) 5/m
required measured required measured
300 453 5% 0.87 £5 %
450 43.5+5% 0.87 25 %
750 41.9+5% 0.89 5%
835 415+5% PASS 0.90£5 % PASS
900 415+5% 0.97 25 %
1450 40.5 5% 1.205%
1500 404 5% 1.2315%
1640 402 #5 % 131#5%
1750 40.1£5% 1.3725%
1800 40.0£5% 14025 %
1900 40.0+5% 1405 %
1950 40.0£5% 14025 %
2000 40.0£5% 14025 %
Page: 7/11
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2100 39.845% 1.49£5 %
2300 39.545% 167£5%
2450 39.2:5% 1.80£5 %
2600 39.045% 19625 %
3000 38545 % 2405 %
3500 37.9:5% 291:5%

7.2 SAR MEASUREMENT RESULT WITH HEAD TIQUID

The IEEE Std. 1528 and CELVIEC 62209 standards state that the svstem validation measurements
should produce the SAR walues shown below (for phantom thickness of 2 mm). within the
uncertamty for the system validation. All SAR values are normalized to 1 W forward power. In
bracket, the measured SAR 15 given with the used input power.

Software OPENSAR V4

Phantom SN 20/09 SAMTI

Probe SN 18/11 EPG122

Liquid Head Liguid Valves: eps” : 42.3 sigma - 0.92

Distance between dipole center and liguid

15.0 mm

Area scan resolution

dx=8mm/dv=Bmm

Zoon Scan Resolution

de=fmm/dv=Em/dz=5mm

Frequency 835 MH=z
Input power 20 dBm
Ligquid Temperature 21°C
Lab Temperatire 21°C
Lab Humidity 45 %

Fre:,fznw 1.2 SAR [W/kg/W) 10 g SAR (W/kg/W)
required measured required measured
300 2.85 154
450 458 3.06
730 843 5.55
235 9.56 9.63 (0.96) 6.22 6.15 (0.62)
Q00 108 699
1450 29 16
1500 30.5 16.8
1640 342 184
1750 364 19.3
1800 384 201
1900 39.7 205
1950 405 209
2000 411 21.1
2100 436 219
2300 487 23.3
Page: 8/11
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2450 524 24
2600 55.3 24.6
3000 63.8 25.7
3500 67.1 a5

I~

e

P 1
4 B B M1 1416 78 0 2T M X I X
Zinm|

73

BODY 1LIQUID MEASUREMENT

Thiz document shall not be reproduced, except in fill or in part, without
The infermation contained herein iz fo be used only for the purpoze for whi
be released in whale or part witheur written appreval of S4TIMO.

Frer?‘:.:e:w Relative permittivity {g,) Conductivity (a) 5/m
required measured required measured
150 51.95% 0.805%
300 58.215 % 0.925%
450 5675 % 0.94 £5 %
730 5555 % 0.965 %
835 552459 pass 0.97 +5 % PASS
200 55.025% 1.05:5%
915 55,045 % 1.065%
1450 S40+5% 130=5%
1610 53.85% 140+5%
1800 533%5% 1.52£5%
1900 53.35% 152459
2000 53.335% 152 5%
2100 53.235% 1.62£5%
2450 52.7£5% 195+5%
2600 52515 % 216£5%
3000 52.015% 2.73:5%
3500 513%5% 3.31£5%
3200 49.0:10% 530210 %
3300 489:10% 5.42:10%
3400 487 +10% 55310 %
Page: 9/11
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3300 486 +10 % 5.65£10 %
3600 48510 % 577210%
3800 48.2+10% 6.0010 %
74 SAR MEASUREMENT RESULT WITH BODY LIQUID

Software OPENSAR V4

Phantom SN 20/09 5AMT1

Probe SN 18/11 EPG122

Ligqud Body Ligmd Values: eps” : 534.1 sigma : 0.97

Distance between dipole center and liguad

15.0 mm

Area scan resclution

de=EBmm'dy=Bmm

Zoon Scan Resolution

dr=8mm/dy=8m/dz=5mum

Frequency 835 MHz
Input power 20 dBm
Liquid Temperature 21°C
Lab Temperatuee 21°C
Lab Humidity 45 %

F'e:”f:“" 1 g SAR (W/kg/W) 10 g SAR (W, kg/ W]
measured measured
835 9.93 (0.99) 6.35 (0.63)

14-

1.2

a
?'I-\- \
% n&- 5
2. ™

g

e
ni-
!
nz- | | T~ | |
i i E W1z 13 16 12 W @ M oE 38|
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§ LIST OF EQUIPMENT

Equipment Summary Sheet
Equipment Manufacturer / 5 i Current Next Calibration
Description Madel Menthicatian Nor| (lns o Date
SAM Phantom Satimo SN.20masaMyy [Yalidated. Nocal  Vaidated.  No cal
required. Fequired.
COMOSAR Test Bench|  Version 3 NA Vakdakal Necal,  Nebdiiea: N 'l
required. Fequired.
Network Analyzer | RNOd€ & Schwarz SN100132 022013 022016
Calipers Carrera CALIPER-01 1212013 12/2016
Reference Probe Satimo EPG122 SN 18111 102013 10/2014
Multimeter Keithley 2000 1188655 1202013 12/2016
Signal Generator Agilent E4438C MY49070581 122013 122016
. Characterized prior to [Characterized prior to
Ampiilier futharcaomn Sl test. No cal required. |test. No cal required.
Power Meter HP E4418A US38261498 122013 12/2016
Power Sensor HP ECP-E26A US37181460 1212013 12/2016
Direcinal Cotples Narda 4216-20 01386 Characterized prior ta Characterized priar to
test. No cal required. |test. No cal required.
Temperature and ) ]
Humidity Sensor Control Company 11-661-9 812012 8/2015
Page: 11711
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SERIAL NO.: 8N 46/11 DIP 1G900-187

Calibrated at SATIMO US
2105 Barreit Park Dr. - Kennesaw, GA 30144
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SUPPEFY!

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

This document containg a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CELIEC 62209 standards for reference dipoles used for SAR measurement system validations

and the measurements thar were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 1900 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID1900
Serial Number SN 46/11 DID 1G900-187
Product Condition (new / used) Used

A yearly calibrarion interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFORMATION

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

only.

e

Figure 1 — Satimeo COMOSAR Validabion Dipole

Page: 410
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4 MEASUREMENT METHOD

The IEEE 1528, OET 65 Bulletin C and CEI/IEC 62209 standards provide requirements for
reference dipoles used for system wvalidation 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 returm 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 8td. 1528 and CELIEC 62209 standards specify the mechanical components and
dimensions of the validation dipoles, with the dimensions frequency and phantom shell thickness
dependent. The COMOSAR test bench employs a 2 mm phantom shell thicknesz therefore the
dipoles sold for use with the COMOSAR test bench comply with the requirements set forth for a 2

mm phantom shell thickness.

5 MEASUREMENT UNCERTAINTY

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

5.1 RETURN LOSS

The following uncertainties apply to the return loss measurement:

Frequency band Expanded Uncertainty on Return Loss
40060000 Hz 0.1dB

5.2 DIMENSION MEASUREMENT

The following un certainties apply to the dimension measurements:

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

5.3 VALIDATION MEASUREMENT

The guidelines outlined in the IEEL 1528, OLT 65 Bulletin C, CENLELEC IIN50361 and CCL/IEC
62209 standards were followed to generate the measurement uncertainty for wvalidation
measurem ents.

Soan Volime Exnanded TTncortainty
panded Uncertaint
lg 20.3 %
10g 20.1%
FPage: 510
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¢ CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frequency, MHz
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

=101
15—
3
= -20-
=
25—
_ED_
35—
-40-
Frequency {(MHZz) Reiurn Loss {(dB) Requirement {dB) impedance
1900 -32.90 -20 48.9 0+ 230
6.2 MECHANICAT DIMENSIONS
Frequency MHz Lmm h mrm drmm
required measured required measured required measured
300 420,0 %1 %, 250.0 £1 %, £.35 1%,
450 290,0 %1 %, 166.7 £1 %, £.35 1%,
750 176.0 %1 %, 100.0 £1 %, £.35 1%,
535 151.0 £1 %, 83,5 £1 %, 3.5 21 %,
00 1439,0£1 %, 83.3£1%. 3.6 1%,
1450 89.1%1 %, 51,7 £1%. 3.6 1%,
1500 80.5%1 %. 50.0 £1 %, 3.6 1%,
1640 79.0%1 %, 45,71 %, 3.6 1%,
17350 TS.2EL W 42,9 £1 %, 3.5 21 %,
1800 72.0%1 %, 41,7 £1 %, 3.6 1%,
1500 65.0+1 %. PSS 39.541%, Pass 361%. Pass
1950 66,311 %, 38.5£1%. 3.6 1%,
2000 64,5%1 %, 37.5 21 %, 3.6 1%,
z100 61.0£1 %, 35.7£1 %, 3.5 21 %,
2300 55.5%1 %, 32,621 %, 3.6 1%,
2450 51.5%1 %. 30.4 %1%, 3.6 1%,
2600 48,5%1 %. 28.8 1%, 3.6 1%,
a00n 41,51 %, 25.0 £1%. 3.6 %1%,
3500 3701 % 6.4 %1 %, 3.5 21 %,
3700 34,741 %, 26.4 %1%, 3.6 1%,

Page: /10
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T VALIDATION MEASUREMENT

The TEEE Std. 1528, OET 65 Buolletin C and CEVIEC 62209 standards state that the system
validation measurements must be performed using a reference dipole meeting the fore mentioned
retum loss and mechanical dimengion 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 digtance from the bottom surface of the phantom.

Eoftwan: OPEMEAR V4
Fluntorm EM 20409 SANTI
Probe BM 1811 EPG1 22
Lagusd

Dustanee betwee dipole cotler snd hoguid 10,0 mrn

Areg soan resolution dx=darendy="5ran
Loon Seim Fesolution dx=2ereny'dy="5mde=lman
Froquency 1900 MHz

Input power 20 dBm

Laguad T ernperufure Z1°C

Lab Terrporafure 21%C

Lab Hurrudity 45%

7.1 MEASUREMENT CONDITION

7.2 HEAD LIQUID MEASTUREMENT

Heud Liqued Values eps® | 398 siomm | 1.43

““I:LI::"* Refative permittivity (i) Conductivity (o] $/m
required measured required m easured
300 45345% 0.87+5%
450 435+5% 0.87+5%
750 4195 % 0.89£5%
835 415+5% 0.90£5 %
00 41.5+5% 0.97+5%
1450 40545 % 1.20£5%
1500 40.4 %5 % 1.23£5%
1640 40,2 45% 1.31+5%
1750 40,1 +5% 1.37+5%
1200 40.0£5 % 1.40£5%
1300 40.0 %5 % P55 1.40£5% P&SS
13950 40,0 5% 1.40£5 %
2000 40.0 £5 % 1.40£5%
2100 39.8+5% 1.49£5%
2300 39.5+5% 1.67+5%
2450 39.245% 1.80£5%
2600 39.0+£5% 1.96 £5 %
3000 385+5% 2,40 £5 %
3500 379+5% 2.91+5%
Page: %i0
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7.3 MEASUREMENT RESULT

The IEEE Std. 1528 and CEI/IEC 62209 standards state thai the system wvalidation measurements
should produce the SAR wvalues shown below (for phantom thicknesz 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.

This document shall vof be reproduced, excgpf in fill or in part, withod the writfen approval of SATIMO.
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Frequency - —
Hz 1 g SAR [W/kg /W) 1N g SAR (W kg/ W)
required measured required measured
300 2,85 1.94
450 4.58 3.08
730 8.49 5.55
835 9.56 6,22
00 10.9 6.99
1450 29 16
1500 30.5 16.8
1640 34.2 18.4
1750 36.4 19.3
igad 8.4 20,1
1500 39.7 29,65 (3.96) 20.5 20.24 (2.02)
1950 40.5 209
2000 41.1 211
2100 43.6 219
2300 48.7 23.3
2450 52.4 24
2600 55.3 246
2000 3.8 @57
3500 67.1 25
39?-\
B0
500
7 N
T \“\
T
Rl aN
200 S~
““-—-‘
| —
077 d
0 w1z 14 1820
T
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74 BODY MEASUREMENT RESULT

Software OPENEAR V4

Phantom SN 20009 SAMT1

Probe SN 1811 EFG122
Liquid Sody Liquid Values: eps’ : 52.% sigma : 1.50
Distance between dipole center and liguid 10.0 mm

Area scan resolution dx=8rm/dy=8mm

Zoon Hean Resoluwion dse=8rmm/dy=8m/d==5rmm
Frequency 1900 }MH=

Input power 20 dBm

Liquid 'I'emperature 210

Lab Terrperature 21°C

Lub Furnidily 45%

Fre&ﬁ"w 1 g SAR [Wikg/ v 10 gSAR [Wkg/WW)
measured measured
1300 40,74 (4.07) 21,43 (2.14)
[T ey e T
Swiace Hpioedldnis Drom s |1
!
L

Z.Cule Cortiol

& Lipper OF i

[0 Hmm [T fmm)

c:n.\
500 \\
= .
am N
% am \\
]
200 '“'-‘,_h_
[

¥, i
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8 LIST OF EQUIPMENT

Equipment Surnmary Sheet

test. Mo cal equirad.

Equipment Manufacturer / | . .o . Current Next Calibration
Description Modd ST T Calibration Date Date
SAM Phantom Satimo SN-20/0g-AaM71 [ aidated. Noeal o Walidated. Mo cal
required. Fequired.
) Validated. Mo cal alidated. Mo cal
COMOSAR Test Benct Version 3 A required. required
Network Analyzer Rmdez&\,i‘mwa” SN100132 02/2013 02/2016
Calioers Carera CALIPER-01 1272010 12/2013
Reference Probe Satimo EPG 172 SN 18/11 Characterized prio~to |Characterized priorto

test. Mo cal “equired.

Multimeter Keithley 200D 1188656 11/2010 11/2013
Sicnal Generator Agilent E44 35C MY49070581 12/2010 12/2013
| seneconn | oo |G o Gtz
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Calibration Laboratory of A
Schmid & Partner —

Engineering AG : 3
zq-ﬂugw?-l.m Zurich, Switzoriand ’%ﬁf

Accrodiied by the Swiss Accredilation Service (SAS)
Tho Swiss Accreditation Service is one of the signatories io the EA
Multilatersl Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, June 2013

bj IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to & GHz"

Additional Decumentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. No uncerainty required.

s Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
conneclor.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The rqrﬁad uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage

probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as tar as not given onpage 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dr = 5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
qupmmmmmndmumwud.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 302 1.80 mho/m
Measured Hoad TSL parameters (220=02)°C 3B2=0% 1.88 mha/m + 6 %
Head TSL temperature change during test <0.5°C - e
SAR result with Head TSL
SAR averaged over 1cm’ (1 g) of Head TSL Condition
SAR measunad 250 mW input power 13.8 Wikg
SAR for nominal Head TSL parmmatans. normalized o 1W 53,8 Wikg = 17.0 % (kn)
SAR averaged over 10 cm’ (10 g} of Head TSL condition
SAR measurad 250 mW input powar B.44 Wikg
SAR for nominal Head TSL parameters normalized to TW 25,4 Wikg = 16.5 % (k=2)
Body TSL parameters
The foliowing parameters and calculations wers applied.
Temperature Permittivity Conductivity
Hominal Body TSL parameters x20°C 527 1.95 mho/m
Measured Body TSL parameters (22.020.2) "C 500 +6% 2.04 mho/m = 8 %
Body TSL temperature change during test <05"C e e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.32 Wikg
SAR for nominal Body TSL parameters nomalized o 1W 51.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 om® (10 g) of Body TSL eondition
SAR measured 250 mW input power 6.19 Wikg
SAR for nominal Body TSL paramelers normalized to 1W 24.3 Wikg = 16.5 % (k=2)
Certficate No; D2450V2-868_Jun1s Pago 3ol @




Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance. transiormed 1o feed point B46(0+ 1501
Return Loss - 267 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.70+3085
Aefurn Loss - 276 dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) | 1153 ns

Aftar long temm usa with 100W radiated power, anly a slight warming of the dipols near the feadpoint can be measured.

The dipole is made of standard semingid coaxial cable. The center conductor of the feeding line is directly connecled to the
sacond am aof the dipola. The anenna is therafore shori-clrcuited for DC-signals. On soms of the dipoles, small end caps
are added 1o the dipole arms in order 1o improve matching when loaded according 1o the position as explained in the
*Measunsment Conditions® paragraph. The SAR dats are not affected by this change. The overall dipole length is still
according to the Standard.

Noexcessive force must be applied to the dipole amms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data
Manutactured by SPEAG
Manutactured on November 19, 2014
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DASYS Validation Report for Head TSL

Date: 11.06.2015
Test Laboratory: SPEAG, Zurich, Switzerlund
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: £ = 2450 MHz; o = 1,88 5/m; ¢, =38.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/EC/ANSI C63.19-2011)

DASYS2 Conliguration:
» Probe: ES3IDV3 - SN3205; ConvF(4.54, 4.54, 4.54); Culibrated: 30.12.2014;
« Sensor-Surfece: Imm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
+ Phuntom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
o DASYS252.8.8(1222); SEMCAD X 14.6.10{7331)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=3mm

Reference Value = 102.0 Vim; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.5 Wikg

SAR(1 g) = 13.8 W/kg: SAR(10 g} = 6.44 Wikg

Muximum value of SAR (measured) = 18.2 Wrkg
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0dB = 18.2 Wikg = 12.60 dBW/ikg
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL
Date: 10.06.2015

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 968
Communication System: UID 0 - CW; Frequency: 2450 MHz :
Medium parameters used: = 2450 MHz; o = 2.04 §/m; g = 50.9; p = 1000 kg/m
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANS] C63.19-2011)
DASY 52 Configurution:

+ Probe: ES3DV3 - SN3205; ConvF(4.32, 4.32, 4.32); Calibrated: 30.12.2014;

«  Sensor-Surface; Imm (Mechanical Surface Detection)

« Electronics: DAE4 Sn601; Calibrated: 18.08.2014

+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002

» DASYS2 52.8.8(1222); SEMCAD X 14.6.10(7331)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=53mm,. dz=5mm

Reference Value = 95.20 Vim; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 13.3 Wikg: SAR(10 g) = 6.19 Wikg

Maximum value of SAR (measured) = 17.5 Wikg

-4.40
-8.80
-13.20
-17.60

-22.00

0dB = 17.5 Wikg = 12.43 dBW/kg
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Impedance Measurement Plot for Body TSL
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