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Appendix C
Calibration Certificate
- PROBE
- DAE
- 835 Mz, 1900 Mz, 2450 Miz DIPOLE

- Dielectric Assessment Kit DAK-3.5 Calibration Certificate

SGS Kaea Co., Lid # 18-34, Sanbon—dong, Gunpo—s, Gyeonggi—do, 453—040 KOREA t+82 31 4285700 f+8231 427 2370 wwww.kr.sgs.com/ee

Memberof SGS Graup(Saciéte Générde ce Survellance)



Report File No.:  F690501/RF-SAR002044-A3
SGS Date of Issue : 2013-02-12
| Page : 116 /171

- PROBE Calibration Certificate
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Behwalmarischer Kalibrierd)
Schmid & Pariner g Sarvics suisse dialennage
Engineering AG Snrvizio svizzers dl taratsra
Znisghiusstrsssn 43, 8004 Zusrich, Switzeriand 5 guiss Callbration Service
Agnradiing by tha Swiss Accredlafon Senece [SA5) Anoreditation Ma.: SCS 108
The Swiss Acoreditation Service s ome of e signatories to e EA
Multilslarsl Agresment for the meognition of calbration certificates
Glossary:
TEL fisswa simulating liquid
MORMyx v,z sansitivity in free space
ComifF sensitivity in TSL / NORMLy,Z
Do diode compression pain
CF crest factor (1duty_oycke) of the RF signal
ABCD modulation dependant linearization parametars
Palarization p p rodation around proba axis
Polarization & & redation around an axis thad is in the plane normal o probe axis (st messurement centar],

le., B =03 normal to probe axis

Calibration is Performed According to the Following Standards:

g)

b}

IEEE Sid 1528-2003, "IEEE Recommendad Practice for Datermining the Peak Spatial-Averaged Specific

Absorption Rate (SAR) in the Human Heed from Wireless Communications Devices: Measurarmenl

Technigues®, Decamber 2003
IEC B2200-1, “Procedurs 1o measure the Specific Absarplion Rate (SAR) for hand-held devices used n close
procimily b the ear (frequency rangs of 300 MHz fo 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMz, i, 2: Assessed for E-field polarization & = 0 (f = 900 MHz in TEM-cell; f = 1800 MHz: R22 waveguida).
MORM,y,z are only intermediata values, i.e., the uncersinties of NORM,y,z dose not affect the £ field
uncertainty inside TSL (see below ComaF).

MORMx .z = NORM .2z * frequancy_regponse (see Freguency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2, The uncartainty of the frequancy response is included
in the skaled wnoertainty of ComdE.

OGPy, .z DCP are numarical linearization paramaters assesaed besad on the data of power aweep with CW
signal {no wnceralnty required). DCF does not depend on frequency nor rmedia,

PAR: PAR & the Peak 1o Average Ratio that is not calibrated but determined based on the signal
characterstios

Axy.z By yz; Caypz; Oxyz VRx 2z A, B, C, D are numerical Enearizalion paramelers assessed based on
the data of power sweep for specilic madulation signal. The parameters do nol depend on frequency nor
media. VR & the maximum calibration range expressed in RMS voltage across the diode,

ConwF and Boundary Effsct Paramefers: Assessed in flat phantom using E-fisld {or Temperature Transfar
Standard for f < 800 MHz) and inside wevaguide using analytical fiald distributions based on power
measuraments for f = B0 MHz. The same satups are used for essassment of the parametars applied for
poundary compensation (alphe, depth) of which typical uncerainty walues are given. These paramelers ane
used in DASY softwara to improve probe sccuracy closa 1o the boundary, The sensitivity in TSL coresponds
o NORMy, .z * ConvF wherseby the uncertaginty carresponds 1o thal given for ConvF. A frequency dependent
Cone is used in DASY versian 4.4 and higher which allows exdending the validity from £ 50 Mz o £ 100
MHz

Sphancal isotropy (30 dewiation from (sotropy): In a field of low gradiants realized using a flat phantom
exposed by a patch antenna.

Fenger Qfsal: Thi senser offset corespomds b the offset of vilual measurement cener from the probe tip
{on probe axis). Mo tolerance required.

Cortificaie Mo; EX3-2062_Feb13 Fage 2 af 11

# 18-34, Sanbon—dong, Gunpo—s, Gyeonggi—do, 453—040 KOREA t+& 31 4285700 f+8 31427 2370 www.kr.sgs.cam/es

Memberof SGS Graup(Saciéte Générde ce Survellance)



Report File No.:  F690501/RF-SAR002044-A3
SGS Date of Issue : 2013-02-12
| Page : 118/171

EXIDV — SNIREZ Fabruany 4, 2013

Probe EX3DV4

SN:3862

Manufactured:  February 2, 2012
Calibrated: February 4, 2013

Calibrated for DASY/EASY Systems
{Note: non-compatible with DASY2 systam!)

Cemificate Mo EXF-38682_Fabi3d Paga 3o 11
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EXID0d— Sh-mE2 Febeuary 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Basic Calibration Parameters

Sensor X Sansar Y Sensor X une (k=2}
Morrm {uivimy T 0.42 043 0.37 + 10,1 %
OGP (mv) 1023 a0 101.2
Modulation Calibration Parameters
1 [n] Communicalien System Name A B C 7] [T Unce
dB dBv Y dg my (=2}
a W X 0.0 0.0 1.0 o0 | wmEs | £33%
¥ 0.0 0.0 1.0 150.7
Fi 0.0 0.0 1.0 166.9

The reported uncertainty of measurament is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution carresponds to a coverage
probability of approximataly 95%,

:'l'ho uncartaEniies of MomX Y 2 do nof affect e EX-Rsld uncertanty inside TSL {sea Pages 5 and B}
;. Mumrical lingarization parsmeter: urncataity not requined.

mﬂ;itmﬁn&d uging e . desiaton from Inear response applying rectangular diiibuion and & espresssd o (he aquare of the:
wa

Cortificate No; EX3-3862_Fab13 Page 4 of 11
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EXADVE- SM-I062 February 4, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Head Tissue Simulating Media

Relative | Conductivity Depth Onat.
| 1{MHz}® | Pesniltivity" {Zm) EonvE X | GonvEY | ComFZ | Alpha | (mm) {k=2]
B35 41.5 0.90 2.98 8.98 .06 021 1.19 120 %
800 41.5 0.97 9.0 .80 9.69 018 1.52 1120% |
1750 401 1.37 am B.T1 a7 024 1.12 +12.0 %
1800 40.0 1.40 8.38 B.36 8.36 037 0.80 $120%
2460 9.2 1.80 .41 T 71 0.28 1.08 2120 %
5200 36.0 4.66 4.92 403 4.92 0.40 1.80 131 %
5300 35.9 4,76 4,87 467 487 0.40 1.80 131 %
G600 5.6 4.96 445 445 449 0.50 1.80 131 %
5500 255 5.07 4.5 a5 425 | 050 | 180 | £131%
SEQD 35.3 5.27 4,09 408 | 409 0.50 1.80 +131 %

qul.rumruﬁdb'uf! 100 M unhrunpiﬂshnﬂ.ﬁ'r‘ﬂ 4 and higher (see Fage ), oo & s restricted o + 50 MHZ Tha urcatainty & tha RES
of the: ConvF uncerianty ot calbrabon fi nd e by far the band.

FN*&QMMMH GH.LIM-ﬂﬁwulimuu parameters o and o) can be refacsd o & 1lﬂ||fiquum1wﬂmnl‘mnulu appied o
measured B4R values. Al faquancias abose 3 OHz, T validly of Sseue paramelens [k and o) B restricied i = 5% The uncerainty is the RSS of
the Con® uncarainty Tor indcated arget Fasus pammealee,

Canilicate Moo EX3-38452_Fab13 Peege 5 of 11
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EXEDvE- Sh:3062 Fabruary 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth Unct.

1{MHz] % | Permittivity” | {Sim)" EonvFX | ConvFY | ConwFZ | Mpha | [mm) th=2)
B35 55.2 D.a7 9.78 576 9.76 027 1.11 2120 %
BOD 55.0 1.08 088 9.68 966 | 030 | 100 | =120%
1750 534 1.48 8.0 8.08 BO8 | 038 | o081 | sizo%
1800 535 1.62 7.72 772 .72 030 | 0OE | =120%
2450 52.7 1.08 7.25 735 725 | 080 | oS0 | £120%
5200 40.0 5.30 4.26 436 4,26 050 | 180 | £131%
5300 8.3 542 4.8 4.18 4.18 050 | 180 | +131%
5500 48.6 5.65 280 349 3.0 050 | 180 | £131%
5E00 8.5 577 373 373 5.73 050 | 180 | £131%
5BO0 48.2 8.00 4.04 4.04 4.04 0E0 | 160 | +131%

© Frequancy validity of + 100 MHz anly anplies for DASY w4.4 and bigher (see Page 2), eisa it i restricted 1o+ 50 Mz The encarainty & tha RSS
of the: Com# uncerianty at calbration frequency and e unceriainty for the indicaled frequency band

‘mtwmma GHEz, \he waliGity of issus parameters (cand o] can b nelaxed & 0% if igued compensaion formula s applied bo
measued AR vales. A frequancias above 3 GHz, W valicily of tisaue paramelers (e and o) is restricled o & 3%, The uncertainty is the RSS of
the ConvF uncermanty tor incicated [anget liesus paramete.

Carificate Mo EX3-3862_Fabi13 Paga & of 11
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February 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Other Probe Parameters

Saensor Arrangamant Triangular
Connector Angle (%) Fi3
Mechanical Surface Detection Mode anabled
Opbcal Surface Detection Mode disablked
Probe Cwarall Length 337 mm
Probe Body Diarmetar 10 mm
Tie Length 9 mm
T Diamater 26 mm
Probe Tip fo Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 v
Probe Tip fo Sensor Z Calibration Paint 1mm
Recammeanded Measwement Distance from Surfece Zmm |

Certificate Mo: EX3-3362_Feb13

Page 11 af 11
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- DAEA4 Calibration Certificate

F R ORI T D P D LN LT GO RIS STVILIE AR NPT R BN LA IR S uunrul e |mm|u|.wu:dlru L A BT RRE R T ]
Al calibrations. hawe been conducted in the ciosed laboratory faclity: environmen! temperature (22 £ 37°C and humidiy < T0%.
Calkraticn Equipment used [MATE critical for calbeation)
Frimary Slandards o # Cal Dale (Cerificabs Ma.) Scheduled Calibraton
ey Mulimater Type 2001 SN: De102TR ZESap=11 [MNo:11450) Sap-12
Sacondary Standards o # Chack Dats (n housa) Schedulad Chack
Calibrator Box V2.1 SE UWE 053 AA 1001 06-Jan-12 {in house check) In housa cheack: Jan-13
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Calibration Laboratory of e Schwelzerischer Kallbrierdi
: st ) r mrst
Schmid & Partner S Service suisse d'étabonnage
E.l'l |ﬂEEI‘| AG T = Servizio svizzero di taratura
Iu.lpagulmun?:!,lm Zurich, Switrarland {mﬁ Swiss Callbrabion Service
ile
Accrediled by the Swiss Accredilalion Senice [Sa5] Accraditation ko.: SCS 108

The Swiss Accreditation Serdcs is one of the signatonies (o the EA
Multilatersl Agresment for the recognition of calibration centificates

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 Vaoltage Measurement Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds fo 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 tast and require no uncertainty.

s«  OC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurament.

s Comman mode sensitivity: Influence of a positive or negative common mode vaoltage on
the differential measuremeant,

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

«  AD Converter Values with inputs shorfed: Values on the internal AD converter
corresponding 1o 2ero input voltage

o (npul Offset Measurement: Output voltage and statistical results over & large number of
zero voltage measuremeants.

«  [nput Offsat Currant! Typical value for information; Maximum channel input offset
current, not considering the Input resistance.

s [npul restsfance: Typical value for information: DAE input resistance at the connactor,
during intermal auto-zeroing and during measurement,

« Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is genarated.

o Powsr consumption: Typical value for information. Supply currents in various operating
modes.

Cerificate Ma: DAE4-1340 Juli2 Pape 2 of 6
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DC Voltage Measurement
AD - Corvarter Resolution nominal
High Fangea: LSB = BApl, full range = -100_. . +300 m\
Loy Fiapnge: LSB= Bin\ | full range =  -1.......+3mV
DASY rmesuremen| paramelers: Aulo Zero Tene: 3 gac, Massuring time: 3 gac
Calibration Factors X Y z
High Range 404 816 + 0.1% (k=2) | 404267 £ 0.1% (k=2) | 404.287 £ 0.1% (k=2)
Low Range 3.098926 + 0.7% (ke2) | 398671 +£0.7% (k=2) | 308083 £0.7% (k=2)
Connector Angle
| Connecior Angle to be used In DASY system 258°+ 1 * |
Cenificate Mo: DAE4-1340_Jul12 Faga 2ol S
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Appendix
1. DC Veltage Linearity
High Range Reading (p\) Difference (uV) Error (%)
Channel X + Input 190550 7T -5.51 .00
Chanmel X + Input 20000.25 0.37 0.00
Channal X = Input ~19887.085 335 00z
Channal ¥ # |nput 18e891.217 -4.81 .00
Chanmel ¥ + Input 19997.26 -2.76 .01
Chanmel ¥ - Ingpuit -20001.32 -0.88 0,00
Channel 2 + Input 109890.17 -5.81 .00
Channel Z + Input 19990.03 -0.92 000
Chanmil Z = Ingut -20002 23 -1.65 0.0
Low Range Reading (pV) Difference (uV) Error (%)
Channal X + Input 2001.07 018 0.01
Channel X * |nput 234 0.0 001
Chanmnel X - Input -188.70 -0.048 0.04
Channel + Input 2000.52 04 4002
Channal ¥ + Input 20069 -0.39 .18
Channel ¥ = Ingiit -1BE.48 0.21 010
Channel Z + |mput 2000.53 -0.29 0.0
Channel £ + Imput 20008 118 40,68
Chaninel Z - It -200.30 -1.84 0.80
2. Common mode sensitivity
DASY measurement paramelers: Aulo Zero Tirme: 3 sec; Measuhng lime: 3 sac
Comman mode High Range Lo Ramge
Imput VYoltage [mi) Average Reading (pV) Average Reading (V)
Channel X 200 -6.54 6,70
- 200 9.80 818
Channal 200 =1.45 1,57
- 200 0.42 043
Channel 200 2.74 223
- 200 4.7 -4.84
3. Channel separation
DSy redsurement paramelars: Aulo Zem Time: 3 sec, Measuring lime: 3 sec
Input Voltage (m\V] | Channel X (pV) | Channel ¥ {pV) Channel Z {uV)
Channel X 200 ; 017 T ase
Chanmel ¥ 200 5.57 007
Chanmnel Z 200 9.54 4.08
Cerificate Mo DAES-1340_Jul12 Paga 4 of 5
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4, AD-Converter Values with inputs shorted

DASY maasurement pararmaters: Aulo Zero Time: 3 sec, Measuing lime. 3 sec

High Range (LS8) Low Range (LSB)
Channel X 16036 14867
Channel 15054 14821
Channel Z 16767 164835

5. Input Offset Measurement
OASY measuremant perameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

Input 1080
Average (uV) | min. Offset (V) | max. Offsst (V) | S [:::]'I"‘“”
Channel X -1.25 -2.24 -0.14 0.35
Channel ¥ =150 238 0.08 043
Channel £ 363 -4.85 -2.65 042
6. Input Offset Current
Merringl Inpul cincuitry offset curent on all channels: <258
7. Input Resistance [Typical values for mformalion)
Zaroing [kOhm) Measuring (MOhm)
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values far informatien)
Typical values Alarm Level (VDC)
Supply (* Vee) 78
Supply (- Voe) T8
8. Power Consumption (Typical values for infarmation)
Typhcal values Switched off (mA) | Stand by (ma) Transmitting (m#A]
Supply (+ Vec) +0.01 + +14
Suppily |- Vee) =D -8 ]
Cartificate Mo: DAE4-1340_Jul12 Page 5 of §
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- 835 Mk Dipole Calibration Certificate
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l:alibfutim Laboratory of @;«,}3 Schwalzarischar Katibeigrinngt
Schm!d & Partner Service suisse délalann e
Engineering AG Servizio avizzers di taratura
Zeughausstrasse 43, 5004 Zurich, Switzarland ’%ﬁhﬁ Swiss Calibration Service
Accreditod by the Swiss Accredilalion Sendice (SAS) Accredtation Mo, SCS 108

The Swiss Accreditation Seevice s one of the signatories to the EA
Muiltilaberal Agresmment Tor the recognition of calibration cortidicates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x.y.2
A not applicable or not measurad

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "I[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices; Measurement Technigues", Decembear 2003

b) IEC 622058-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-hald
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technolegy (FCC OET),
"Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
Electromagnetic Fields; Additional Information for Evaluating Cempliance of Mobile and
Forable Devices with FCC Limits for Human Exposure to Radiofraquency Emissions”,
Supplement C (Edition 01-01) to Bulletin &5

Additional Documentation:
d) DASY4/S System Handbook

Methods Applied and Interpretation of Parameters:

= Moasurement Conditions: Further details are available from the Validation Report al the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated.

= Apntenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
paint xactly below the center marking of the flat phantom section, with the arms oriented
parallel 1o the body axis,

* Feed Point impedance and Retum Loss: These paramaters are measured with the dipole
positioned under the liguid filled phantom, The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflacted power, Mo uncertainty reguired.

= Flactical Delay: One-way delay between the SMA connector and the antanna feed point,
Mo uncertainty reguirad.

SAR measured; SAR measured at the stated antenna inpul power.

«  SAR normaiized: SAR as measured, nomalized to an input powear of 1 W at the antenna
connector,

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

The raported uncerainty of measurement is stated as the standard uncertainty of measurament
multiphed by the coverags factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

SGS Kaea Co, Lid
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Measurement Conditions
DASY syster configuralion, as far &s mot given on page 1.

DASY Varsion DASYS VEEH.1

Extrapolation Adgvanced Exirapotation

Phantem Maodular Flat Phartom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution de, dy, dz =5 mm

Frequancy B35 MHEz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Tempearature Permittivity Conductivity

Mominal Head TSL parameters 22.0°C 416 Q.90 rife'm

Measured Head TSL paramatars (220 +0.2)°C 406 = 6 % 0.89 mhofm £ 6 9%

Head TSL temperature change during test =05 s
SAR result with Head TSL

SAR averaged over 1 cm” (1 g) of Head TSL Condition

5AR measured 250 mW input power 234 mw g

SAR for nominal Head TSL paramelans nerialized o TW 9.39 mW fg = 17.0 % (k=2)

SAR averaged over 10 cm” {10 g) of Head TSL condition

SAR measured 250 mW input power 1583 mW (g

SAR for nominal Head TSL parameatens narmalized 1o 1W 6.14 mW fg £ 18.5 % (k=2)
Body TSL parameters

The: following parametars and calculations were applied.

Temperature Parmittivity Candustivity
Mominal Body TSL paramelers 220°C BE.2 0,97 mha/m
Measured Body TSL parameters {22.0 +0.2)°C 543486 % 100 mho'm + 6 %
Body TSL temperature change during test < 0.5"C -

SAR result with Body TSL

SAR averaged over 1 em’ {1 g) of Body TSL Condition

SAR measured 250 mW inpul power 240mW g

S5AR for nominal Body TSL parametars normakized b TW 9.35 mW /g = 17.0 % (k=2)
SAR averaged over 10 em” (10 g) of Body TSL candtion

SAR measured 250 mW input poswer 1.56 mW /g

SR for nominal Body TSL pararmelans noarialized to TW B9 mW [ g = 16.5 % (k=2)

Cerdlicale No: DA3EV2-480_Mayi2 Pape 3ol B
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Appendix
Antenna Parameters with Head TSL
Impedancs, ransformed bo fead poing 4380 -65H
Aatum Loss - 252 dB
Antenna Parametars with Body TSL
Impadance, transformed to feed paint 455 0-74(0
RAetum Loss -21.2dB
General Antenna Parameters and Design
| Elsctrical Delay (one direction) | 1381 ns |

After long tarm wsa with 100W redated powear, only & slight warming of the dipole near the feadpaint can bs messured.

The dipole is made of standard semirigid coaxlel cable. The center conductor of the feeding line & directty connected o the
secand amy of the Sgole. The antenng & therefore shor-circuited for DG-ssgnale. On some of the dipoles, small end caps
are adsded 10 the dipole ams in onder 1o improve matching when leaded according to the pasiion as explained in ha
"Measurement Conditions” paragraph. The SAR data are not alfecied by this change. The overall dipole bengih is still
according bo the Standand.

Mo excessive foree must be applied fo the dipole arms, becayse they might bend or the: soldered conmactions near the
feedpoint may be darnaged

Additional EUT Data

Manufacturad oy SPEAG
Manufactuned on May 18, 2003
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DASYS Validation Report for Body TSL

Drate: 16.05.2012
Test Laboratory: SPEAG, Zurich, Switzedand
DUT: Dipole 835 MHz; Type: DB3SV2; Serial: DE35VI - 5N: 490

Communication System: CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 1 mho/m; g, = 54.3; p = 1000 }cg.l'rn3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEABECIANST C63.19-2007)
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e
Garihr_'atlun Lﬂbﬂ"m of A‘{‘M}"k Schwalzerisoher Kalibrierdienst
Schmid & Partner : Servioe sulsse d'étalonnage
EI'IQiF‘IEEFiI'IQ Al S Servizio svizzera di taratara
Zaiighauasirasss 43, B004 Zurich, Switzerland E: Ewi Ii
8 i a {'*W 55 Callbraticn Service
Angneciod by the Swiss Ascradilation Service (SAS) Acoreditation Mo.: SCS 108

The Swiss Accreditation Service is one of the signatorias o the EA
Muitilaberal Agresment for the recognition of calibratian certilicates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / MORM x,y.z
MiA, not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommeanded Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, Decembear 2003

b) IEC 622091, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the sar (frequency range of 300 MHz to 3 GHz)",
February 2005

g) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposura to Radiofrequency
Electremagnetic Fields; Additional Infarmation tor Evaluating Compliance of Mobile and
Fortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/S Systam Handbook

Methods Applied and Interpretation of Parameters:

= 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.

+  Anfenna Parametars with TSL: The dipole is mounted with the spacer to position its fead
point exactly balow the centar marking of the flat phantom section, with the arms ariented
parallel to the body axis.

= Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under tha liquid filled phantom. The impedance stated iz trangformed from the
measurement at the SMA connactor to the feed peint. The Return Loss ensures low
reflected power. No uncertainty required.

= Elactrical Defay: One-way delay between the SMA connector and the antenna feed paint.
Mo uncertainty required,

*  SAR measured: SAR measured at the staled antenna input power.

*  SAR normalized: SAR as measured, nomalized to an Input power of 1 W at the antenna
connector,

+ SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
naminal SAR rasult,

The reporied uncertainty of measurement is stated as the standard uncertainty of measuremant
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 95%.

Certilicala Ma: D1900V2-5d033_May12 Page 2ol 8
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Measurement Conditions
DASY systemn configuration, &5 far as not given on page 1.
DASY Version DASYS V5281
Exfirapolation Advanced Extrapolation
Phamtom Modular Flat Fhaniom
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dy, dy, dz =5 mm
Frequency 1500 MHz + 1 MHz
Head TSL parameters
The following paramaters and celculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220C 40.0 1.40 mbio'm
Measured Head TSL parameters {(22.0=03)°C 405 £ 6 % 1.37 mha'/m 6%
Head TSL lemperature change during test < 0.5 G -
SAR result with Head TSL
SAR averaged over 1 em” (1 g) of Head TSL Canditian
S5AH measurad 250 miW mput power SEHmW g
SAR Tor norminal Head TSL parameters nommalized o 1W 39.4 W fg = 17.0 %% (ke2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 MW input power 513mW.g
SAR for naminal Head TSL pararmeaters noamalized to 1W 20.7 mW /g + 16.5 % (k=2)
Body TSL parameters
The following paramatars and calculations were applied.
Temperaiune Permittivity Conductivity
MNeminal Bady TSL parameters 2200 53.3 1.62 mihaim
Measured Body TSL parameters 22.0=0.2)"C BZO+E% 152 mhao'im = 6 %
Body TSL temperature change during test =05%C =
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condilian
SAA measured 250 mW input power 1000 MW f g
5AR for nominal Body TSL parametars nommalized bo TW 39.9 mW { g = 17.0 % (k=2)
S4R averaged over 10 cm” (10 g) of Body TSL condition
SAR measured ZE0 MW inpul poeser 53T mW/g
SAR for nominal Body TSL paramaters nomakzed o 1W 21.2mW /g = 18.5 %% (k=2)
Certificate Nec D1800V2-5a033_May12 Pags 30 B
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Appendix
Antenna Parameters with Head TSL
Impedance, transfarmad 1o feed point B1BQ+ 330
Return Loss - 28.6 dB
Antenna Parameters with Body TSL
Impedance, ransfommed to faad paint 4750+ 360
Fiatum Loas - 27.0dB
General Antenna Parameters and Design
Elacirical Delay (ons direction) 1.186 ne

Aftar long tarm wse with 100% radiated power, enly a slight warming of the dipole near the feedpoint can be measuned

The dipode | made of standard gemirgid copxial cable, The center conductor of the feeding line is direclly connected to the
second arm of the dipale. The antenna is thenefore shor-circuited for DC-slgnals. On some of the dipoles, small end caps
are added to the digele amms in order ts improve matching when loeded acoording 1o the position as explained in the
"Measurement Conditions® paragraph, The SAR data are not affected by this change, Thir overall dipols length is still
acoonding to the Standard,

Mo exeessive foroe must b applied b the dipole arms, because they might bend o the solderad connections near the
Teadpoint may be damaged.

Additional EUT Data

hManufsctured by SPEAG
Manukacthened on March 17, 2003
Cadificate No: D1900W2-50033 May12 Pape 4 of B
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DASYS Validation Report for Head TSL

Date: 23.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI%00Y2; Serial: D1900V2 - SN: 54033

Communication System: CW; Frequency: 1900 MHz

Medinm parameters used: [ = 1900 MHz; o = 1.37 mho/m; g = 40.5; p = 1000 kg.-'m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEABEC ANST C63,19-2007)

SGS Kaea Co., Lid # 18-34, Sanbon—dong, Gunpo—s, Gyeonggi—do, 453—040 KOREA t+& 31 4285700 f+8 31427 2370 www.kr.sgs.cam/es

Memberof SGS Graup(Saciéte Générde ce Survellance)



Report File No.:  F690501/RF-SAR002044-A3
Date of Issue : 2013-02-12
Page : 1457171

Carificate No: D1900V2-50033_May12 Page G of 3

SGS Kaea Co., Lid # 18-34, Sanbon—dong, Gunpo—s, Gyeonggi—do, 453—040 KOREA t+& 31 4285700 f+8 31427 2370 www.kr.sgs.cam/es

Memberof SGS Group(Saciéte Générde ce Surveliance)



Report File No.:  F690501/RF-SAR002044-A3

SGS Date of Issue : 2013-02-12
! Page : 146 /171

DASYS Validation Report for Body TSL

Date: 23.03.2012
Test Laboratory: SPEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 54033

Communication System: CW; Frequency: 1900 MHz

Medium parameters used: £ = 1900 MHz; ¢ = 1.52 mho/m: & = 52.9; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEMBEC/ANST C63.19-2007)
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- 2450 Mz Dipole Calibration Certificate
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Calibration Laboratory of e, Sehwaizaristhar Kallbriseanst
) S
Schmid & Partner e Service aulass d'stalonnags
Engineering AG ey Sewvizio svizzero di taratura
Zeughsussirasss 43, 5004 Zurich, Switperland W Swiss Calioration Service
Accredited by $ia Swiss Accreditation Service (SAS) heceraditalion Mo SCS 108

The Swiss Accreditation Servics I8 ans of the sigralories to the EA&
Bultilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sansitivity in TSL / NORM =,y
MSA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE 5td 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62208-1, "Procedure to measure the Specific Absomption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds; Additional Information for Evaluating Compliance of Mobila and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

« Antenna Parameters with TS5L: The dipole is mounted with the spacer to position its feed
point exacily below the center marking of the flat phantom section, with the arms orented
parallel to the body axis.

s Feed Point Impedance and Retum Loss: These paramaters ara measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
maasurement at the SMA connector to the feed point. The Retum Loss ensuras low
reflected power. No uncertainty required.

«  Elecirical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty reguired.

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

«  SAR for nominal TSL parameters: The measured TSL parameters are used to caloulate the
nominal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution comesponds fo a coverage
probability of approximately 95%.

Cartificate Mo: D24S0W2-734_May12 Page 2of &
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Meaasurement Conditions
DASY systenm configuralion, as far &8 nol given on page 1.
DASY Version DASYS WEZ B
Extrapalation Advenced Extrapotation
Phantam Modular Flat Phartom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution di, dy, dz =5mm
Fraguency 2450 MHz = 1 MHz
Head TSL parameters
Thig followng parametars and calculations ware applied.
Temperature Parmittivity Conductivity
Morminal Head TSL parameters 22.0°C 492 1.80 mkctm
Maasured Head TSL paramatars (22.0 +0.2) *C 403 + 6% 1.85 mho'm £ 6 %
Head TSL temperature change during test < 0.5 °C nee -
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condition
SAR measured 250 mW Input poser 13.3mW g
SAR for nominal Hesd TSL paramelars redrrlized 1o 1W 52.8 mW /g = 17.0 % (k=2)
SAR averagad ovar 10 em” {10 g) of Head TSL condition
SAR measured 250 mW Input power BASmMW /g
SAR tor nominal Head TSL paramedons narmalized 1o 1W 24.7 mW ig = 16.5 % (k=2)
Body TSL parameters
The following paremetars and calculations werns applied.
Temperature Permittivity Candustivity
HNominal Body TSL paramelers 22.0°C 52.7 1.95 mha'm
Measured Body TSL parameters {(22.0+£02)"C 523+6% 129 mhodm £ 6 %
Body TSL temperature change during lest < (Q5"C
SAR result with Body TSL
SAR averaged over 1 em® (1 g) of Body TSL Condition
S8R measured 250 mW input power 127 mW fg
SAR for noménal Body TEL parametans normelized to 1W 50.2 W g = 170 % (k=2)
SAR averaged over 10 am® (10 g) of Bady TSL condition
S4H messured 250 mW Input power o5 mW g
SAR for nominal Body TSL parametars normalized to 1W 23.6 mW ! g = 16.5 % (k=2)
Cerificate Mo; D24802-734_ May12 Page 3od 8
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Appendix
Antenna Parameters with Head TSL

Impadancs, ransfammaed 1o faed paint S330+38K

Retum Loss -264 dB
Antenna Paramatars with Body TSL

Impadancs, transformad to feed point 4990 510

Relum Loss - 25.8 B
General Antenna Parameters and Design

| Elecirical Delay jone direction) | 1153 ns

At keng tearn use with 100 radiated power, only a slight warming of the dipale nesr the faedpoint 2an be measured.

The dipobe is rade of standard semingid coaxial cable. The center conductor of the feeding line s directly connected o bhe
secand arn af the dpale. The amenna is tharelore shor-circuiled lor DC-signals. On some of the dipales, small end caps
are addad 1o the dipole arms in order o improve matahing when loaded according 1@ 1he pasilion as explained in the
“Measurement Conditions® pargraph, The SAR data are not affecbed by this change. The overall dipale length is sl
according to the Standard.

Mo excessiva forea must be applied to the dipola arms, bacause thay might berd or the soldared connactions near the

fesdpaint miay ba damagad.

Additional EUT Data

Marnufsctnad by SPEAG
Manufactunad on May OF, 2003
Cedificate Mo: D2450W2-734_May12 Page 4af 8
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Dielectric Assessment Kit DAK-3.5 Calibration Certificate
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Calibration Laboratory of L) 3
-y ory S Behwsizanschas Kalibriordisnst
chmi artnar 3 Sarvice suisss d'italonnage
Engineering AG 2 k Sarvizio svizzera di taratura
Zeughaussirasse £3, BI04 Zurich, Switzerland fﬁ“ Swiss Callbration Service
Apcmaditad by e Swise Accradilalion Serdes (SAS) Acoreditation No.: SCS 108

The Swiss Accraditalion Service i one of the signatories 1o the EA
Multitsleral Agresment for the recognition of calibration certificates
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Description of the dielectric proebe

Dielactric probes are used to measure the diglectric parameters of tissue simulating media in a wide
freguancy range. The complex permittivity g = (e'eq) - j(eeg) is determined from the 5 parameters
measured with a vector network analyzer (WVNA) with software specific to the probe type. Tha
parametars of interest e.g. in standards [1, 2, 3] and for other applications are prasanted are calculated
as follows:

iHaIat;\ra] permittivity €' (real part of & = (g'feg) - j(£"en) where g, = 8.854 pF/m is the permittivity in free
Space

Conductivity o =21 f&” g,

Loss Tangent = (%)

The OCP (open ended coaxial) is a cut off section of 50 Ohm transmission line, similar to the system
described in [1, 2, 3, 5], used for contact measuramant The matarial is measured either by touching the
probe to the surface of a solld/gelly o by immearsing it into a hquid media. The electromagnetic fields at the
probe end fringe into the matarial to be measured, and its parameters are determined from the change of
the 5, parameters. Wilh larger diameter of the dielectrics, the probe can be used down to lower
frequencias.

The flange surrounding the active area shapes the near field similar 1o a semi-infinite geomelry and is
inserted fully into the measured lossy liquid.

The probe is connected with a phase and amplitude stable cable to & VNA which is then calibrated with
Opan, Short and a Liguid with well-known parameters.

All parts in the setup influencing the amplitude and phase of the signal are important and shall remain
stable.
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Handling of the item

Before usage, the active probe area has to be cleaned from any material residuals potentially
contaminating the reference standards. The metal and dielectric surface must be prodected o keap the
precision of the critical mechanical dimensions. The connector and cable guality are critical; any
movemeants between calibration and measurament shall ba avosded.

The temperature must be stable and must not differ from the material tampearature,

Methods Applied and Interpretation of Parameters

The calibration of the dielectric probe system is done in the staps described below for the dasired

fraguency range and calibration package (SAR, Sami-solid / solid, MAI matarial). Because the standard

calibration in step 3 is critical for the results in steps 4 fo 8, the sequence 3 o B is repeated 3 times. As

a resull, the result from these 3 sets is represented,

1. Configuration and mechanical / optical status,

2. Measurement from 20 to 300 MHz are performed in 5 MHz steps, and from 300 to 6000 MHz in 50
MHz steps.

3. Standard calibration with Air / Short / Water (optional: ethanol or provided load). If the shor providad
appears to have a lower contact quality, the best available short Is used for this calibration.

The default calibration is selected as follows (except if different calibration is required):

DAK and Agilent QCP: open / ghort / de-ionised water (approx. 22 °C)

MPL OCP: open / 4 shorts / pura ethanol (approx. 22 °C)
The cable used in the setup stays in a fived position, ie. the probe is fixed and measuring from the
top in an angle of lyp. 20° fram the vertical axis. For Agilent probas, the refresh function (air
standard) is used pravious to the individual measuremants in arder to compensate for possible
deviations from cable movernants. After insertion of the probe into a liquid, the possible air bubbles
are remaved from the active surface,

4. Measurement of multiple shorts if not already available from the calibration in the previous step.
Evaluation of the deviation (graphic presentation of the complex gquantities and magnitude over tha
frequency range) from the previous calibration short. The specific probe short will be used il
provided. This assessment shows the short quality and ability to define a short circuit at the and of
the probe for the YINA calibration in the setup, which is usually most eritical to obtain and influencing
the resulis deducted from the 5., measurement.

5. Measurement of validation llquids Pure polar liguids are used: methanal, ethanal, water {if not used
for the previous callbration). 0.5 liter guantities are measurad to reduce the influsnce of raflactions.
Evaluation of the deviations from the targat. The targets base on traceabls data which have been
daterminad for the specific measured temperature, These values have also been verified with
precision methods. The deviation of the measurement is graphically presented for permittivity and
conductivity or loss tangent (depending on the frequency range, due to the low losses at low
frequencies). The walidation with pure liguids of this type is possible at any time, due 1o tha low [oss
parameters in comparison with lossy liquids, it is suited to give information on the calibration quality.
A direct conclusion on the measurement accuracy for lossy materials is nol nacassarily possibla due
to the different 5,4 parameter ranga at the spacific fraguancy.

6. SAR calibration: Measurament of loessy liguids (Head tissua and Muscla tissue simulating liguid), 0.5
litar quantiies are maasured to reduce the influence of reflections. Evaluation of the deviation from
the target. The targats base on multiple measurements with presision reference probes or differant
evaluations such as transmission line or slotted line methods. Although the dielectnc values are not
precisely matching the target values of the SAR standards at all frequencles, they are close enough
to give & direct indication on the measurement accuracy when measuring axact target values.

7. Semi-solid / solid material calibration: Measurements of lossy broadband semi-solid gel with
parameters close to the head tissue farget. Evaluation of the average deviation from the target, The
fargets base on multipla measuremeants (on the same material batch at identical temperature) on
convex and planar surfaces with precision reference OGP, Although the dielectric values are not
precisely matching the target values of the SAR standards, thay are close enough 1o give a direct
indication cn the measurement accuracy for this parametar range on semi-solid and alastic
homogenaous and isotropic material.

Measurements of a low loss block of microwave substrate with planar surfaces (relative permittivity
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approx. 13). The target bases on muliiple measurements with precision reference probes or other
methods. Due to tha low lossas, the loss tangent is evaluated instead of the conductivity.

The measurament on semi-solid £ solid materials is sensitive to the guality and planarity of the prabe
contact area, such as air gaps due to imperfect probes. Lower paramaters may resuit.

. MRI material calibration: Measurement of 0.1 mol'L NaCl / water solution (typical conductivity 0,96

Sfm) at 64 MHz. Evaluation of the deviation from the targetl. The targets base on numerically
available values for specific temperature and multiple measuremeants with precision reference probes
or differant evaluations such as fransmission ling or slotted line methods.

Measuramant of LGM (low conductivity fat tissue simulating medium with typical relative permittivity
12, conductivity 0.04 S'm at 64 MHz). Evaluation of the deviation from the targat. The targets have
bean evaluated from multiple measurements with precision reference probas.

Representation of the uncertainty: Together with the above deviations in tha graphical represantation
ower the freguency range in Appendix A, the worst case uncertainty (k=2) of our best reference OCP
measunemeant capability to 6 GHz is shown (7 mm pracision OCFP). This represents the capahility of
the setup and the lossy materials used, including the precision of the measured material and the
influence of lemperature deviations. The uncertainty of the measurement depends on the 5.,
measured which varies with multiple parameters: the probe size, the frequency and the liquid
dislaciric parametars, The uncertainty for a smaller probe under test is higher and may also depend
an the software usad, and its settings. Temperature and operator influence was minimizead.

10. Summary assessment of the measured deviations and detalled commenis.

Dielectric probe identification and eonfiguration data

Itermn description
Probe type 4 OCP Open-ended coaxial probe
Probe narna SPEAG Dielectric Assessment Kit DAK-3.5
Typs Mo - SM DAK 040 CA
Senal No 1046
Description Cpen-ended coaxal prabe with flange
Flange diameler: 18.0 mm
Dislectric diameter: 3.5 mm
Material: stainless stasl
Connactor 1 PC 3.5 pos.
Software version DAK Measurement Solver 1.4.201.11
Calibration Type: Air { short / water (set fo measuned waler temp.)
Proba type: "DAKI.E" (software setting) —
Further settings WA bandwidth setting: 30 Hz
Accessories
Cable Huber & Suhner Sucoflex 404, SN: 1695, length 1 m,
PC3.5 nag. — PCA.E neg.
Short DAK-3.5 shoring block, type SM DAK 200 A ]
. Contact area coverad with cleanad Cu stripe
Additional items used during measurements
Adapter 1 PCA5 pos. — PCT (VNA side) |
| Adapter 2 PCA.5 pos. — PC3.5 neq. (probe sida)
Motes

= Beafore the calibration, the connectors of tha probe and cable were inspectad and cleaned.

-

Probe visual ingpection: according to reguiramants

» Short Inspection: according to the requirements

SGS Kaea Co, Lid
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Calibration Results
The fallowing tables provide material-specific uncertainties for the calibrated dislactric probe

Frequency Range (MHz) Material P = relativa permittivity within devigtion for frequency renge

= conductivity within deviation Tos fregquency range

Danviation < 2.5 % Daviation < 6 % Dendation = 10 %
200 - 400 Methanol P o P [ P G
400 - 1000 Methanol P c P c = G
1000 - 2500 Mathanol P c P c F C |
2500 - 4000 Meathanol P c P c P c
4000 - 6000 Methanol P C F G F c |
Fregquency Renge (MHz) Material P = relative permittivity within desvdation for frequency range

C = conductivity within deviation for fraquency range

Dviglion = 2.5 % Deviation = 5 % Devialion = 10 %
200 - 400 HSL P wae P [ P c
400 - 1000 HSL F P [+ P c
1000 - 2500 H5L F [{=] P c P -
2500 - 4000 HSL P [[5] P G P -
4000 - 5000 HSL P c P - P c
Fraquancy Rangs (MHz) Material P = ralative permittivity within deviation for frequency range

C = conductivity withen deviation for frequency rangs

Drewiation < 2.5 % Devigtion < 5§ % Deniation < 10 %
200 - 400 MSL P -- P [¥ P [¥
400 - 1000 MSL P --- P [& P c

| 1000- 2800 MSL P icy P C 3 C

2500 - 4000 - MSL P C F C F o
4000 - G000 MSL P c P [ P [3]
Interpretation

F: Parmittivity deviation within the folerance range
C: Conductivity deviation within the tolerance range
(P}, (C): Avaraged value is within, single measurements may partially exceed the tolerance range
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Appendix A:  Detailed Results
A1  Probe appearance and calibration sequence

A1 Appearance
The OCP appearance is fully according 1o tha expaciations:

AA.2 Calibration sequence

The fallowing seguance was repeated 3 times in the low freguency range from 200 = 300 MHz in 5 MHz
steps and in the high frequency range from 300 o 6000 MHZ in 50 MHZ steps

Air

Short 1 short, then immediate varification with a secand short

Water De-ionizad water, tamparaiura maasured and set in the software

Mathanol Pure methancl, temperature measured and set in the software

Liguids  Maasuremeant of further liquids (e.g, Muscle and Head simulating tissuwe)

Claaning Probe washed with water and ethanol at the end of the sequence.

Shorts 4 additional separate short measurements o determine the deviaticn from the ariginal

Evaluation of the additional shorts from the calibrated (ideal) short point at the left edge of the Smith Ghart,
represented as magnitude over the frequency range (fig. 2.1.x) and in palar reprasantation (fig. 2.2.x).

Evaluation of the Liguid measurements and reprasentation of the permittivity, conductivity and loss tangent
from their reference data al the measurament temperature. The results of each of the 3 calibrations is
shown in the appendix for each material (fig. 3f) in black, red, blue, The red dashed ling shows the
uncariainty of the referance material parameter determination,
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A6  Uncertainty

The above quantities have been shown In the figures together with the uncertainties (k=2) as dashed lines.
These lines represent the measurement capability for a 7mm flanged OGP, including uncernainties from
refarence probe, its calibration, material reference data and temperature differences during the
measurements. Each material is reprasented with the uncertainty characteristic to it Therafore the shawn
limits vary with the parametars of the measured medium. The following table gives a summarized warst
case ovarview for classes of materials.

Cluantity Fraquency range Expanded | Remarks
LM,
Permittivity J00MHz ... 6GHz |30% Liguids
20 MHz 4.5 % Polar liquids, e.g. Ethanal, Methanal, Ethanedici
a0 MHz ... 6 GHz 32 %
66 MHz ... 8 GHz 3,8 % Planar kow loss subsirate
100 MHz 50% Tisswe simulating lguids:
Conductivity |20 MHz 4.8 % Head and Body tissue simulating liquids

30 MHz ... 3 GHz 37 %
3GHz...84Hz 67 %

20 MHz ... 1 GHz 7.4 % Aquades MaCl solutions with 8" = 1000
1 GHz ... 6 GHz 23% Moderate Loss polar liquids, e.g. Ethanal, Methanaol,
Ethanedicl
1 GHz ... B GHz 8.7 % Liguids
Loss Tangent |20 MHz ... 65 MHz | 0.07 Paolar liquids
65 MHz ... 300 MHz |02
300 MHz ... 1 GHz  |0.05 Liquids
00 MHz .. 6 GHz | 0.015 Planar low l0ss subsirate, &g, permittivity = 10

Table 6.1 Uncertainty for evaluation with Fmm OCP

For low loss media, the conductivity deviation at low frequencies is subject to a large uncemainty. In such
cases, tha loss tangent daviation may giva a better indication on the performance of a probe.

MNote: OCP with smaller diameter of the surface dielectric will have higher uneertainly. The uncerainty in
practical use may change also with the operator (quality of the calibrations, tlemperature and homaogeneity
of the materials usad).
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]-THE END-
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