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APPENDIX D. PROBE CALIBRATION DATA

Calibration Laboratory of Bchwaitariachar Kalibelsndsne:
Schmid & F’Eﬂn&! Service suisse d'élalonnago
Engineering AG Sorvizio svizzoro di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accroditation Sorvice is one of the signatores to the EA
Multilatersl Agreament for the recognition of calibration certificates

ciient  AGC-CERT (Auden) Cortificate No: EX3-3953_0Oct13
CALIBRATION CERTIFICATE |
Object EX30V4 - SN:3953

Calibration procdurs(s) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calieaton data: October 15, 2013

This calibraton cerdifcala documents [he iracaabadty io naticnal siandands, which realize ihe physscal unils of measurementis (51}
The measuremants and he uncerainieas wih confidencs probabity are given on the following pages and are part of the codificaln.

Al calibrations have bean conducted in the closed Waboratory faciity: emadmnnmant temperatune (22 = 3)°C and humidiy < T0%

Calibration Equipment used (MATE cntical for calibration))

Primary Standards = Cal Date (Certificate No.) Schoduled Calibration

Power meter E44198 0841293874 0d-Apr-13 [Na. 217-01733) Apr-14

Powar sansor Ea412A MY41408087 04-Apr-13 [Na. 217-01733) Apr-14

Riforance 3 o8 Avienuatar | SN 55054 (3c) 04-#pr-13 (Ha. 217-01737) Apr-14

Referance 20 dB Aftenuatcr | 58 55277 (20x) 04-Apr-13 (Na. Z17-01735) Apr-1d

Ristornnce 30 dB Attonuator | 5N 55120 (300) 04-Agr-13 (Na. 217-01738) Apr-14

Raderance Probe ES30V2 SN 3013 28.Dec-12 (No. E53-3013 Dec12) Doc13_

DAEA 5H: 660 4-Sep-13 (No. DAE4-660_Seap13) Sep-ié

Secondary Standards D Check Dals (in house) Scheduled Check

FF gonorator HF BE48C US3B42U01700 -89 (in house check Apr-13) In housa check: Agr-15

Network Analzer HP B763E | US37300585 18.01.01 (in house check Oct.13) i here chack: Ddl-14
Mame Functicn Signatune

Calibraied by Laif Kiysner Labaratany Technican W%‘ﬁ
| Approved by Katia Pokowic Technacal Monager Jﬁ é; :

| Issued: October 15, 2013
| This calibration cerificate shall not be reproduced axoopd in full without writien approval of 1ha laboratary.
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Calibration Laboratory of

Schweizerischer Kalibrierdionst
Schmid & Partner Service sulsse d'dtalonnage
Engineering AG Servizio svizrero di laratura
Zeughaussirasse 43, 3004 Zurich, Switzerland Swiss Callbration Service
Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ene of the signatories 1o the EA
Multilstersl Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liguid
NORMzx,y.z sensitivity in free space
ConvF sensilivity in TSL / NORMx,y.z
DCP diode comprassion paint
CF crest factor (1/duty_cycle) of the RF signal
A.B.CD modulation dependent linearization parameters
Polarization @ p nofation arcund probe axis
Polarization 3 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),
ie., & = 0 s normal o probe axis
Connecior Angle information used in DASY system to align probe sensor X to the robot coordinate system

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: Measuremeant
Techniques™, June 2013

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

Methods Applied and Interpretation of Parameters:
»  NORMzx.y.z: Assessed for E-field polarization 8 = 0 {I < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
MNORMzx,y.z are only intevmediate values, i.e., the uncertainties of NORMz,y.z does not affect the E*field
uncertainty inside TSL (see below ConvF),

»  NORM[fx.y.z = NORMzx.y.z * frequency_response (see Frequency Response Charl). This linearization is
implementad in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
In the stated uncertainty of ConvF.

« DCPx,y.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
gignal (no uncertainty required), DCP does not depend on frequency nor media,

+ PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal

characteristics

o Axyz Bxy.z Cxy.z; Dey.z; VRxy.z: A, B, C, D are numerical inearization parameters assessed based on
thi data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS vollage across the diode.

+ ConvF and Boundary Effect Parameters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for | > 800 MHz. The same setups are used for assassment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These paramelers are
used in DASY4 software to improve probe accuracy chose to the boundary. The sensitivity in TSL comesponds
1o NORMx .z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz to £ 100
MHz.

s Sphevrical isotropy (3D deviation from isolropy): in a field of low gradients realized using a flat phantom
exposed by a patch antenna.

+ Sensor Offset: The sensor offset cormesponds to the offset of virfual measurement center from the probe tip
{on probe axis). No tolerance required.

+ Connector Angle: The angle is assessed using the information gained by delermining the NORM:x (no
uncertainty raquired).
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EX30V4 - Sh:3853 Octaber 15, 2013

Probe EX3DV4

SN:3953

Manufactured:  August 6, 2013
Calibrated: October 15, 2013

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ systeml)
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EX3DV4- SN:3953 Oclober 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3953

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
| Morm (u\viWim)5)" 0.53 0.55 0.48 +10.1 %
| DCP {mVv)" | 97.7 086 87.0

Modulation Calibration Parameters

| uiD Communication System Name A B C 7] VR Unc
| dB dBvVV dB mV (k=2}
o CW X 0.0 0.0 1.0 0.00 172.9 3.0 %
¥ 0.0 00 | 1.0 168.8
| F 0.0 o0 | 10 162.5

The reported uncertainly of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage faclor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

* The uncertaintes of NamX.Y.Z do not affect the E”-fisld uncenainty inside TSL (see Pages 5 and 6)

Y NuUmencal lindanEaion porsmsl e LmCEtainty nol requined

* Uncestainty is dotermined wsing the max. deviation from linear response applying rectangular detnbuton and i eepressad for the squane of the
field vakie.
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EXIDNV4- SN:3853 Dciober 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3953

Calibration Parameter Determined in Head Tissue Simulating Media

2 Relative : Enndm:li‘u]tr Depth Unct.
fiMHz)® | Pormittivity (8im) " ConvFX | ComvFY | ConvFZ | Alpha® | (mm) h=2) |
835 415 0.90 997 | 967 | 997 | 035 | 095 | £120% |
800 415 0.97 9.72 9.72 872 0.32 1.03 £120%
1810 40.0 1.40 8.26 B.26 8.26 0.47 0.72 £120%
1900 40.0 1.40 817 817 8.17 0.38 0.78 £12.0%
2100 39.8 1.49 |  8.35 8.35 8.35 0.45 0.71 +120%
2450 39.2 1.80 | 738 7.39 738 0.46 0.70 £120%
5200 36.0 4.66 5.24 5.24 524 0.35 1.80 £131%
5300 359 4.76 5.09 5.09 5.09 0.30 1.80 131 %
5500 35.6 4.96 4.96 4.96 4.96 0.35 1.80 +131%
5600 35.5 5.07 4.83 4.83 4.83 0.30 1.80 +131%
5800 35.3 5.27 4.67 4.67 4,67 0.40 1.80 £131%

¥ Froquency valdity of + 100 MHz only apples for DASY w4.4 and higher (soe Page 2], eisa it Is restricied to £ 50 MHz_ Tha uncestainty |s the RSS
of the ConvF uncantanty at calibration frequancy and the uncanairty for the inticated frequency band

' At frequencies bolow 3 GHz, the validity of Hssue parameters (¢ and o} can be relaced 1o = 10% if Bquid compensation fomula is apphed to
measured SAR values. A2 frequoncios above 3 GHz, the valdity of tssue panamaters (= and o) i restricied to = 5%. The uncedtainty is the RSS of
the ConvF uncenainty for indicated target tssue parameters.

o AlphaDepih are delermined durng calibration, SPEAG warmants thal the remaining deviation due 1o the boundarny effect afier compensation (s
abways less than £ 1% for frequancies below 3 GHz and below + 2% for frequencies between 3-6 GHz a any distance larger than half the probe tip
diameter fromm this Boundary
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EX3DV4- SM:3853 Ociober 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3953

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz)© P-Rn:ﬂ:ii:l.ly' cc?gmm:]tym ConvF X ia::umn ConvFZ | Alpha® Tmﬂql }'L'lei
835 55.2 0.97 9.91 | 9.91 991 | 025 1.18 | +120%
900 55.0 1.05 964 | 964 964 0.27 113 | +120%
1810 533 1.52 7.97 7.87 7.87 0.26 1.01 | £120%
1900 533 1.52 7.80 7.80 7.80 0.21 1.20 | $120%
2100 53.2 1.62 8.06 8.06 806 | 036 082 | +120%
| 2450 52.7 1.95 7.35 7.35 7.35 0.80 055 | +120%
5200 48.0 5.30 4.37 4.37 4.37 0.40 190 | £131%
5300 489 5.42 411 411 4.11 0.45 190 | 131%
| 5500 48.6 5.65 3.81 3.81 3.81 0.50 180 | #134%
5800 485 5.77 3.57 3.57 3.57 | 055 100 | +1314%
5800 48.2 6.00 381 3.1 381 0.50 190 | £131%

“ Freguency valicity of = 100 MHz onty applies for DASY v4.4 and higher (sea Page 2). alse it i restricied to 2 50 M-z The uncertainty is the RSS
of (he Con uncestaingy a1 cablration frequency and the uncertainty for the indicated frequency band.

Al frequencies balow 3 GHz. the validity of tissue parsmaters (¢ and ) can be relaxed o + 10% if guid compansation formula is sppled to
measeed SAR valses. Al frequencies above 3 GHz, the validity of tissue paramelees (= and n) is restncted 1o + 5% The uncerainty is the RSS of
e ConnF umcestainty for indicated aegel tssus parameates.

® AlphaDepth aro determinad during calibration. SPEAG warmants 1hat th remaining deviabon dus 1o tha boundary effect afler compansatsn i
abways less than £ 1% for frequancies below 3 GHz and below £ 2% for irequencies batween 3-8 GHz at any distance larger than half the probe bp
diameter from the boundary.
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EX3DV4- 53853 October 15, 2013

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

L

14

Freguency response [normalized)
i
[=}
A
.

1000 1500 2000 2500 3000

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DVé- SM:3053 Oetober 15, 2013

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
- 7 - : - 5

Tot X Y z Tet . - :
g |
E —'_..,' e o o . -Elfl‘ s;'“‘b‘--v-""‘"'-!!;tl
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Roll [7]

Uncertainty of Axial Isotropy Assessmant: £ 0.5% (k=2)

Cerificate No: EX3-3853_0c13 Page 8 of 11

The results sfiown

g st report refer only to the sample(s) tested unless otherwise stated and the sample(s) are retained for 30 days only. The document is
, this docu

cannot be reproduced except in full with our prior written permission. The document is available on request and the brief information

Tel : (86-755) 29081955 Fax: (86-755) 26008484 Http /Avwawv.age-cert.com E-mail: agc@agc-cert.com
Add: 2F. , No.2 Building, Huafeng No.1 Technical Industrial Park, Sanwei, Xixiang, Baoan District, Shenzhen




[ Py
NGC ez FrN
AlieeaiqE oflnbal Compllange Report No.:AGC00866140801FHO1

Page 89 of 106

EX3DV4- 3N:-3053 Ociober 15, 2013

Dynamic Range f(SARc.q)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:3853 October 15, 2013

Conversion Factor Assessment

T'= 835 MHz, WGLS R (H_convF) 1= 1800 MHz WGLS R22 (H_com)
40

|
F- 2

g £ =

£

= L a - L= - '. X "w 1% = - x i L -
Ll 2
L] -

LX)

e Rl ey reanue

Deviation from Isotropy in Liquid
Error (i, 3), f =900 MHz

-0 -08 -08 D4 -02 DO 02 04 OB OB 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX30DV4- 5M:3853 October 15, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3953

Other Probe Parameters

i Sensor Arrangement Triangular

| Connector Angle (*) 205 |

| Mechanical Surface Datection Mode enabled |
Optical Surface Delection Mode : disabled |

| Probe Overall Length 337 mm |
Probe Body'ﬁuamamr ~ 10mm |
Tip Length == g mm |
Tip Diameter | 2.5mm
Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Paint 1 mm

i Recommended Measurement Distance from Surface 2 mm
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APPENDIX E. DAE CALIBRATION DATA

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerand

Schweizerischer Kalibrierdienst
Sarvice sulsse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service

Accradited by the Swiss Accreditalion Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agresmant for the recognition of calibration cerificates

ciient  AGC-CERT (Auden) Cenificate No: DAE4-1398_Oct13
|CALIBRATION CERTIFICATE |

Otject DAE4 - S0 000 D04 BM - SN: 1398

Calibeation procedure(s) QA CAL-06.v26
Calibration procedure for the data acquisiion electronics (DAE)

Calibration date: Oclober 10, 2013

| Thig calibrabon cestificate documents the raceability to naticnal standards, which realize the physical units of measuremants (51}
The measuraments and the uncenanbes with confidence probability ane given on tha Tollowing pages and ane part of the certificale

All calibrations have been conducied in the closed kaboratory Tacility: enviconment temparatune (22 = 3)°C and humidity < 70

Calibration Equipment used (MATE critical for calibrathon)

Primary Standards lipg Cal Date (Cerificate No.) Scheduled Calitration
Kesthiey Multimeter Type 2001 | SM: 0810278 01-0et-13 (Me: 13978) Ceat-14
Secondary Standards | oe Chack Date (in housa) Schaduled Check
Auto DAE Calibration Linit SE WS 053 AA 1001 07-Jan-13 (in house check) In house check: Jan-14
Calibrator Box V2.1 | SE UMS5 DOG AA 1002  O7-Jan-13 (in howusa check) In house check: Jan-14
Mama Functian Signaturs
| Calibrated by: R.Mayoraz Techniclan ﬁ‘m
Approwed by Firy Bomholn Deputy Technical Manager /ﬁé—"_
P A

Isgued: Ociober 10, 2013 [
| This calibration certificate shall nat be reproduced axcept in full without witten approval of the laboratory: |
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A,
Calihn_rati on Laboratory of ;@t S Schwelzerischer Kallbrierdienst
Sch m:ld & E'artner 2 G Service suisse détalonnage
Engineering AG T Servizio svizzero di taratura
Zoughaussirasse 43, 8004 Zurleh, Switzerland £ J:F-,‘\\ & s Swiss Cafibration Sorvice
Rl TR
Accredited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificates

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
comesponds to the full scale range of the voltmeter in the respective range.

» Conneclor 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 Linearify: 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 commaon 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 shorfed: Values on the intemal AD converter
corresponding to Zero input voltage

s Input Offset Measurement. Output voltage and statistical results cver a large number of
zero voltage measurements,

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

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

» Low Batfery 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.
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DC Voltage Measurement
AJD - Converter Resolution nominal

High Range: 1LEB = BApV, full range = -100...+300 mV
Low Range: 1ILSB = BinV , full range = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sac
Calibration Factors X Y Z
High Range 404,147 + 0.02% (k=2) | 404.125 £ 0.02% (k=2) | 403.593 = 0.02% (k=2)
Low Range 3.97351 = 1.50% (k=2) | 3.99134 + 1.50% (k=2) | 3.06993 £ 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 1850%+ 1%
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 199093.80 .96 0,00
Channel X + Input 20001.48 0.96 0.00
Channel X = Input -19986.33 1.89 0.01
Channel Y + Input 199893 .57 -0.83 0.00
Channel Y + Input 19098.87 (.65 0.00
Channel Y - Input -20000.78 0.61 0.00
Channel 2 + Inpit 190004 78 0.34 0.00
Channel Z + lnput 10080, 79 0.74 -0.00
Channel Z - Input -20001.29 -1.08 0.01
Low Range Reading (uV) Diffarance (uV) Error (%)
Channel X + Input 2000.47 0,40 0.02
Channel X + Input 201.47 0.11 0.05
Channel X = It -198.29 0.26 013
Channel Y + Input 2001.20 0.29 0.01
Channal Y + Input 200.83 -0.60 -0.30
Channal ¥ - Input -198.98 -0.44 0.22
Channel Z + Input 2001.13 0.29 0.01
Channel Z + Input 200.34 -1.05 0.52
Channal Z - Input -189.72 -1.09 0.55
2, Common mode sensitivity
DASY measurement parameters: Aulo Zero Time: 3 sec: Measuring time: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (uV)
Channel X 200 -13.30 -14.96
- 200 15.86 14.26
Channel ¥ 200 858 853
- 200 -10.64 -10.82
Channel Z 200 7.28 735
- 200 .79 =10.00
3. Channel separation
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (V) | Channel Y (uV) Channel Z (uV)
Channel X 200 - -2.78 -1.69
Channel Y 200 412 - -2.08
Channel Z 200 9.54 238 -
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channal X 15962 16491
Channel ¥ 15951 16621
Channel Z 15854 15212

5. Input Offset Measurement
DASY measurement! parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

Input 10ME
Average (pV) min. Offset (uV) | max. Offset (uV) Sl ?::;ntlon

Channel X -0.35 -1.45 0.36 0.33
Channel ¥ -1.44 -2.26 -0.41 0.33
Channel Z -2.29 -3.89 -0.99 0.46

6. Input Offset Current
Maminal Input circuitry offset current on all channels: <25fA

7. Input Resistance (Typical values for information)

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) +7.9
Supply (- Vcc) -T.6

9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (maA)
Supply (+ Vecc) +1.01 +6 +14
Supply (- Vec) =0.01 -8 B
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APPENDIX F. DIPOLE CALIBRATION DATA

SATIMO

The microwave vision company

SAR Reference Dipole Calibration Report

Ref: ACR3189.13.SATU.A

ATTESTATION OF GLOBAL COMPLIANCE CO.
LTD.

1&2F, NO.2 BUILDING, HUAFENG NO.1 INDUSTRIAL
PARK, GUSHU COMMUNITY XIXTANG STREET

BAOAN DISTRICT, SHENZHEN, P.R. CHINA
SATIMO COMOSAR REFERENCE DIPOLE

FREQUENCY: 2450 MHZ
SERIAL NO.: SN 46/11 DIP 2G450-189

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

ACCREDITED
Calibration CERT #2246.02

11/714/13

SHPMATY:

This document presents the method and results from an accredited SAR reference dipole calibration
performed in SATIMO USA usirg the COMOSAR test bench. All calibration results are traceable
to national metrology institutions.
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SAR REFERENCE DIPOLE CALIBRATION REPORT RfnGRa B2 S a Ty
SATIMO
Name Funclon Date Signahire
FPrepared by : Jéréme LUC Product Manager 11/14/2013 .:)’525‘
Checked by - Jéréme LUC Product Manager 11/14/2013 ;%’
Approved by - Kim RUTK OWSKT Quality Manager 117142013 | Aatheuihd
Customer Name
ATTESTATION
- OF GLOBAL
SEEI RS COMPLIANCE
CO.TTh.
Issue Date Modifications
A 11/14/2013 Initial release
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SATIMO SAR REFERENCE DIPOLE CALIBERATION REPORT Ref: ACR 318313 3ATI A
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR312.0.13.34TU A

SATIMO

1 INTRODUCTION

This document contains a summary of the requirements set forth by the IEEE 1528, OET 65 Bulletin
C and CEVIEC 62209 standards for reference dipoles used for SAR measurement system validations
and the measurements that were performed to verify that the product complies with the fore

mentioned standards.

2 DEVICE UNDER TEST
Device Under Test
Device Type COMOSAR 2450 MHz REFERENCE DIPOLE
Manufacturer Satimo
Model SID2450
Serial Number SN 46/11 DIP 2G450-189
Product Condition {(new / used) Used

A yearly calibration interval is recommended.

3 PRODUCT DESCRIPTION

3.1 GENERAL INFCRMATION

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

——r—

Figure 1 — Satimo COMOSAR Validaton Dipole
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR3180.1354TU A&

SATIMO

4 MEASUREMENT METHOD
The IEEE 1528, OET 65 Bulletin C and CEI/IEC 62209 standards provide requirements for

reference dipoles used for system validation measurements. The following measurements were
performed to verify that the product complies with the fore mentioned standards.

4.1 RETURN LOSS REQUIREMENTS

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

4.2 MECHANICATL REQUIREMENTS
The IEEE Std. 1528 and CEIYIEC 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.

3 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 un certainties 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

3.3 VALIDATION MEASUREMENT

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

measurem ents.
Scan Volnme Expanded Uncertainty
lg 20.3 %
10g 20.1 %
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: ACR318.9.13.5ATU.A

SATIMO

6 CALIBRATION MEASUREMENT RESULTS

6.1 RETURN LOSS AND IMPEDANCE

Frequency, MHz
2380 2400 2420 2440 2460 2480 2500 2520

S11,dB

Frequency (MHz) Return Loss (dB) Requirement (dB) Impedance
2450 -30.98 -20 47.3 2+ 0.1 j&2
6.2 MECHANICAL DIMENSIONS
Frequency hHz Lmm hmm d mm
required measured required measured required measured
300 420.0 £1 %, 250.0 £1 %. .35 +1 %,
450 290.0 11 %, 166.7 1 %. 6.35+1 %.
730 176,041 %, 100.0 +1 %, 6,351 %.
835 161.0#1 %, 89.8 +1 %, 3.6 %1 %,
Q00 143,01 %, 83.3 41 %, 3.6 %1 %,
1450 99,1 £1 %, 51741 %, 3641 %,
1500 80.5 1 % 50.0 £1 % 3611 %,
1640 79.0 £1 %, 45,7 +1 %, 3.6 %1 %,
1750 75.2+1 %, 42,9 +1 %, 3.6 %1 %,
1500 72,041 %, 41,7 +1 %, 3.6 %1 %,
1500 63,0 £1 %. 39.5£1 %, 3641 %,
1350 66,3 1 % 38.5 %1 % 3611 %,
2000 64,5 +1 %, 37541 %, 3.6 %1 %,
2100 61.0 +1 %, 35741 %, 3.6 %1 %,
2300 55.5 %1 %, 32,6 +1 %, 3.6 %1 %,
2450 5151 %, PASS 3041 %, pass .61 %, PASS
200 48.5 £1 % 28.8 11 % 3611 %,
3000 41,5 +1 %, 25.0 +1 %, 3.6 %1 %,
3500 37.0%1 %. 26.4 1 %, 3.6 %1 %,
3700 34.7¢1 %, 26.4 1 %, 3.6 %1 %,
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SAR REFERENCE DIPOLE CALIBRATION REPORT Fef: ACR312.9.13.34T0 &

SATIMO

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
retum loss and mechanical dimension requirements. The validation measurement must be performed
against a liquid filled flat phantom, with the phantom constructed as outlined in the fore mentioned
standards. Per the standards, the dipole shall be positioned below the bottom of the phantom, with
the dipole length centered and parallel to the longest dimension of the flat phantom, with the top
surface of the dipole at the described distance from the bottom surface of the phantom.

7.1 MEASUREMENT CONDITION

Software OPENBAR V4

Phantomn BN 20409 BAMTI

Prohe SN 1811 FPR172

Liquid Head Liquid Values: eps’ : 38.6 sigma : 1.82
Distance bebween dipole center and liquid 10.0 mm

Area scan resolution dz=8mm/dy=8mm

Zoon Scan Xesolution de=8rmm/dy=8m/dz=5rmm
Frequency 2450 MH=

Input power 20dBrr.

Liguid Ternperalure 21°C

Lab Temperature 21°C

Lab Humidty 45%

7.2 HEAD LIQUID MEASUREMENT

Fre:ﬂt:—inw Relative permittivity (") Conductivity [3) $/m
required measured required measured
301 45,3 %5 % 0.87+5%
451 43.5+5% 0.87+5%
73] 41.9+5% 0.89+5%
§33 41,515 % 0,90 13 %
907 41.5+5% 0.9745%
14z0 40.5+5 % 1.2045%
1500 40,45 % 1.2345%
1640 40,2£5 % 1.3145%
17E0 40,1 +5 W 1,37 +5 %
laco 40,0 £5 % 1.40 45 %
19c0 40,0 £5 % 1.40 45 %
1920 40,0 £5 % 1.40 45 %
2000 40,0 £5 % 1.40 45 %
Z1Co 33,613 % 1.49 153 %
2300 39.5%5% 1.67+5%
2420 39.2%5% P&SS 1.80 45 % P&SS
2600 39.0+5% 1.96 £5 %
30c0 38.5+5% 2,40 £5 %
33C0 379X W 2,915 %
Page: 710
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SARREFERENCE DIPOLE CALIBRATION REPORT Reft ATR318.5.135T0.4

SATIMO

73 MEASUREMENT RESULT

The IEEE Std. 1528 and CEI/IEC 62209 standards state that the system validation measurements
should produce the SAR value: shown below (for phantom thickness of 2 mm), within the
nncertainty for the system wvalidation. All SAR values are normalized to 1 W forward power. Tn
bracket, the measured SAR is given with the used input power.

Frequen
:ﬂ - i 1 g SAR [W/kg/W) 10 £5AR [W/Kg/W)
required measured required measured
ann 2,85 1.94
450 4,58 3.06
750 2.49 5.55
833 9.56 £.22
ano 10.9 £.499
1450 29 16
1500 30.5 16.8
1640 34,2 18.4
17=0 26,4 122
la00 38.4 2011
1800 39.7 20,5
1930 40.5 209
20l 41.1 211
2100 43.6 219
2300 48,7 233
2430 52.4 54,40 (5.44) 24 23.75(2.28)
2600 553.3 246
2000 3.8 25.7
3500 £7.1 25
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Ref ACRIIZ91Z3ATUA

74 BODY MEASURFMENT RESULT

Software OPENSAZ V4
Thantom BN 20/00 BAIT1
Probe SN 1811 EPG122
Liquic Body Liquid Valuss: eps’ : 52.0 sigma : 1.94
Distance between dipole center and ligquid 10.0 mm
Area scanrezolution dz=8Brmm/dv=8mm
Zoon Scar. Resolution dz=8mm/dy=8m/dz=5mm
Frequency 2450 MH=
Tnupul powsr 20 dBin
Liguic T emperature 21°C
Lab Termperature 21°C
Lab Hurmdity 45%
Fre&:";w 1 g SAR [W/kg/W) 10 g SAR [(W/kg/W)
measured measured
2450 54,19 (5.42) 24,96 (2.30)
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SAR REFERENCE DIPOLE CALIBRATION REPORT Ref: sACR318.5.13.3470 4

SATIMO

8 LIST OF EQUIPMENT

Equipment Summary Sheet

Equipment Manufacturer / Identification No Current Next Calibration
Description Model | Calibration Date Date
SAM Phantom Satimo SN-20/co-Samyq [faidated. Nocal —alidated. - No cal
required. equired.
: Validated. Mo cal alidated. No call
COMOSAR Test Bench Version 3 RN required, required.
Network Analyzer Rh"dez&vic'“wa” SN100132 02/2013 02/2016
Calioers Carmrera CALIPER-01 1242012 12/2013
Reference Probe Satimo EPG122 SN 1g/11 |Charactenizec prior to |Characterized prior to
test. Mo cal required. |test. Mo cal required.
hultimeter Keithley 2000 1188656 1142012 11/2013
Signal Genorator Mgilont E4438C R 40070531 12720170 1272013
Amplifier Aethercommm SN 046 Characterizec pn'_orto Characterized pri_orto
test. Mo cal required. |test. Mo cal required.
Power Meter HP E44134 538261498 1142012 11/2013
Fower Sensor HE ECP-ELGA, =3 0181460 11420100 112013
Directional Coupler | Narda 4215-20 01386 Eharade”zec prior to \Characterized prior to
ast. Mo cal required. |test. Mo cal required.
Tempersture and - "
Humidity Sensor Control Company 11-661-9 32012 32014
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