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Glossary:

TSL tissue simulating liquid

NORMx.y,z sensilivity in free space

ConF sensitivity in TSL / NORMX,y, 2

DCP dicde compression point

Paolarization p @ rotation around probe axis

Polarization & B rotation around an axis that is in the plane normal to probe axis (at

measurement center), .., 8 = 0is normal 1o probe axis

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “|EEE Recommended Praclice for Determining the Peak Spatial-
Averaged Specific Absorpticn Rate (SAR) In the Human Head from Wireless
Commurications Devices: Measurement Techniques”, December 2003

b) 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

Methods Applied and Interpretation of Parameters:
s NORMbx.y.z: Assessed for E-field polarization 8 = 0 {f < 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMX,y.z are only intermediate values, |.e., the uncertainties of
NORMx,y.z does not effect the E’-field uncertainty inside TSL (see below ConvF).

= NORM(Dxy.z = NORMx.y,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions |ater 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 (no uncenainty required). DCP coes not depend on fraquency nor media.

* ConvF and Boundary Effect Parameters: Assessed in flat phanlom using E-flield (or
Temperature Transfer Standard for f < 800 MHz) and Inside waveguide using analytical field
distributions based on power meesurements for f > B00 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close o the boundary. The sensitivity in TSL corresponds to
NORMz,y.z = ConvF whereby the uncenainty 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.

= Sphenical solropy (3D deviation from fsofrogy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna,

« Sensor Offsel: The sensor offsat corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). Mo tolerance required.
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DASY - Parameters of Probe: ET3DVG SN:1788

Sensitivity in Free Spaoe“ Diode Comprassinna
NormX 172 +104%  pVAVIm)* DCP X ol mv
NomY 1.66 £ 10.1%  pVAVIm)P DCP Y 93 mV
NomZ 170 £10.4%  wVIAVIm) DCPZ 94 mV

Sensitivity in Tissue Simulating Liquid (Conversion Faclors)

Flease see Page 8.

Boundary Effect

TSL 900 MHz Typlcal SAR gradient: 5 % per mm
Sensor Cenle: to Phantom Surface Distance 37 mm 4.7 mm
BAR, [%] Without Corraction Algorithm 6.2 A3
SARL, %] With Comeclion Algorithm 0.4 1.0

TEL 1810 MHz Typical 3AR gradient: 10 % per mm
Sensor Certer 1o Fhantom Surface Distance 3.7 mm 4.7 mm
SAR,, [%) Without Corraction Algonthm 12.0 8.1
SAR,, [%] With Carraction Algasithm 02 0.1

Seansor Offset

Probe Tip to Sensor Canler 2.7 mm

The reported uncartainty of measuremant 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%.

* The unceramtes of Mol Y, 2 da not affect the E”-fisid unzerainty naica TSL (ser Page 0}
¥ Misrarisal lnsarzation panameatan wnguriarly nol requined
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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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Receiving Pattern ($), 9 = 0°

f = 600 MHz, TEM Ifl110EXX 1= 1800 MHz, WG R22
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Uncertainty of Axial lsotropy Assessment: £ 0.5% (k=2)
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Input Signal [kY]

Error [dE]

Dynamic Range f(SAR;.4)

(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearily Assessment: £ 0.68% (k=2)
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Conversion Factor Assessment

{ =900 MHz, WGELS RY (haad) = 1810 MHz, WGLS R22 (head)
15 . S 30,0 P AT T
30 250
E 2.8 E S
E 20 T
s 3 150
E 15 E'
E‘ 10 E 1 1
0.5 5.0 4
L] 0.0 - } !
i} Fal | & 11 1] 20 40 &0
z[mm] 2{mm]
—@—Anolytical  —&— Mansumsments —@— Analyical —0— Maasurmmants

F [MHz] 1||I':II=I:|1I1r{JM‘I‘.I!It TEL Parmittivity Conductivity Alpha Depth CanvF Uncartainty

800  +50/2 100 Head 415¢85% 007 15% 022 328 654 +110% (k=2)
1810 +50/+100  Head 400:5% 1401 5% 058 215 528 % 11.0% (k=2)
2000 +50/= 100 Hend 40.0:5%  1.40:5% 060 223 487 £11.0% (k=2)
2450 250/ 100 Head 392+5% 1.8045% 081 239 458 +118% (x=2)
800 + 50/ + 100 Body 550 +5% 1.05+ 5% 028 2594 63T +11.0% (k=2)
1810 250/=2 100 Body 533£5% 1.5225% 063 239 475 & 11.0% (k=2)
2000 + 50/ +100 Elbdjr 533+ 5% 1.52 + 5% 0DE3 233 436 +11.08% (k=2)
2450 +50/=100 Body 527+5% 1052 5% 061 258 417 #11.8% (k=2)

© This walidity of 4 160 MHz on'y applies for DASY w4 and kigher (sos Page 7). The uncertainty is the RSS
of tha Corm™ uncertainty at calibration frequency and the uncertalnty for the indicated frequancy bard.

Cartificale Mo: ET3-1788 Sepl? Pege 8el9

©2008 SPORTON International Inc. SAR Testing Lab
This report shall not be reproduced except in full, without the written approval of Sporton. Rev. 04



=mrovie. FCC SAR Test Report Test Report No_: FA841815B

ET3DVE SN:1788 September 26, 2007

Deviation from Isotropy in HSL
Error (4, ), f = 000 MHz

Error [dB]

i
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oo.0-0.20

Unceriainty of Spherical lsolropy Assessment: $ 2.68% (k=2)
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wmﬁ

ET3DVE - SN:1787

CaSbranon procedureis) A CAL-01 w6 and QA CAL-23.v3
mmuhmmm

Caibraton catin August 26, 2008

Condstion of the calbratod itom. [N Tolerance

Thes caibranion cembcats doouments the iraoeatdny © nasonl SEaiaTs, which reasis e shyscal eres ol mossiremanss (31
Tha massuremant pra [ uncskainiss wit confidence probabibly @ gheon on e IoSowing B30 and are pan of e canricass

AR CEEDIAON. NEveE bean CONCLCIAT i 1he tSotad Aoraiony hacldy: arirnment lomperstnee (22 ¢ 3)"C and humisiey < To%

Cadibrason Equipment usod (MATS antical for casbrnticn)
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Multilateral Agresment for the recognition of calibration cerificates

Glossary:

TsL tissue simulating liquid

NORMx, v,z sansitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression point

Polarization @ ip rotation around probe axis

Polarization & 5 rotation around an axis that is in the plane normal to probe axis (at

measuremeant center), i.e., 8 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

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

Methods Applied and Interpretation of Parameters:

« NORMxy, z: Assessed for E-field polarization & = 0 (f < 800 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i e, the unceriainties of
NORMzx.y.z does not effect the E%-field uncertainly inside TSL (see below ConvF).

* NORM(lx,y.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 scfiware versions later than 4.2, The uncertainty of
the frequency response is included in the stated uncertainty of CanvF.

+ DCPyxy.z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required), DCP does not depend on frequency nor media,

= ConvE and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f = 800 MHz. The same setups are used for
assessment of the paramelers applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary, The sensitivity in TSL corresponds 1o
NORMyx,y,z * ConvF whereby the uncertainty corresponds o 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 Spherical isotropy (30 deviation from isotropy): In a field of low gradients realized using a
flat phantom exposed by a patch antenna,

= Sensor Offsel; The sensor offsel corresponds to the offsat of virtual measurement center
from the probe tip (on probe axis). No tolerance required.

Certificale No: ET3-1787_Augli Page 2o/ 8
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DASY - Parameters of Probe: ET3DV6 SN:1787

Sensitivity in Free Space® Diode L'Zt:nl'rmressit:-nB
MormX 1634104%  pVIVim) DCP X 80 mV
NormY 167 £101%  WVIVim) DCP Y 93 mv
NormZ 28 s100%  uVIVImMY OcPZ 82 mvy

Sensitivity in Tissue Simulating Liguid (Conversion Faclors)

Please see Page 8.
Boundary Effect
TSL 900 MHz Typleal SAR gradisnt: 5 % par mm
Sensor Center to Phantom Surface Distance 3.7 mm 4.7 mm
SAR,, [%] Without Comection Algonthm 113 75
SAR. ™) With Comection Algortthm 0.8 0.5
TEL 1750 MHz Typical SAR gradient: 10 % per mm
Sensor Center o Phantom Surface Distance 37T mm 4.7 mm
BAR,, [%] Without Correction Algorfthm 10.1 B.5
SARL, [%] With Cormection Algarithm 08 k-3
Sensar Offsat
Proba Tip 1o Sansor Centar 2.7 mm

[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
|corresponds to a coverage probability of approximately 95%.

® T uncenmnges of Mo Y 2 do mol affect B B Seld unoortsrty raide TSL (see Page &)
¥ Numirical insarzaton sameneter. uhcenay nol reguined

Cartificals Mo: ET3-1T87_Awgld Paga&afg
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

k3

Frequancy response [normalized)
=
]

0
0oa
0.7
(i3
0.5
o 500 1000 1500 2000 2500 3000
1 [MHz]
——TEW —o—R22
Uncertainty of Frequency Respense of E-field: £ 6.2% (k=2)
Catificala Noc ET3-1787_Aug08 Page Sof 9
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Ermor [dB)]

August 26, 2008

Receiving Pattern (¢), 3 = 0°

f =500 MHz, TEM ifi110EXX 1=1800 MHz, WG R22
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o Lt 1l 1

(i} - - - —&— 30 MHz

0.4 == 100 MHEZ
02 i B0 M
J‘;E —8— 1500 MH:z
<4 —i— 2500 MHz
il

LB

4.0

Uncertainty of Axial Isotropy Assessmient: £ 0.5% (k=2)
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Dynamic Range f(SARyg.4)
(Waveguide R22, f = 1800 MHz)

1.E+D5

=

1.E+03

Ingut Signal [4V]

TE+D2

1.E+

1. E+00 !
00001 0 oo 0.1 1 10 100
SAR [mwW/em”]

== not compensated = comipansaied

0.001 0,04 a4 | 10 104
SAR [mWiem']

Ungertainty of Linearity Assessmant: 2 0.6% (k=2)
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Conversion Factor Assessment
1= 900 MHz, WGLS R (haad) f=1750 MHz, WGLS R22 (head)
4.0 300
* 250
Vi z
Siaa < 20
20 % 150
14
100
10 + E‘
- 50
oo - on
Q 40 &0 o 10 20 an 40
{mm] z[mm]
+Ahd,t|.l == Magpuresmonty =0=Analylical  =—0=— Moasuremants
{[MHz)  Vislicity [Mpa]® TSL Parmitivity Conductivity Alpha Depth _ Comv Uncerainty
900 250/£100  Head 415:5% 097:5% 030 280 B06 = 11.0% (W=Z)
1750 =50/2100 Head 401:5% 107 5% 0S5 21 53 = 11.0% (k=2)
1650 +50/= 100 Hoad 400=5% 1.40=5% 058 186 501 + 11.0% (k=)
2450 e 50/ = 100 Head 382 = 5% Ttﬂﬂ:ﬁﬂ orr 1.57 .48 !T‘B‘-ﬁik'?]
000  +50/¢100 Body SS0£5% 1.0585% 031 208 501 +11.0% (k=2)
1750 =50/ 100 Body 53d4:5% 140:5% 060 220 473 = 11.0% (=2)
1950 =50/ 100 Body S33:25% 152:5% 068 185 449 = 11.0% (=2)
2450 =50+ 100 Ener B2 T=25% 1685 = 5% 080 1.5% IT8 = 11.0% (k=2

£ The waildity of & 169 Mg only spplies for DASY wi.4 and higher (sse Page 7). The umcertsingy is the RES
of the Comy® yngertainty st caliiration frequency and the uncerainty lor e ndecaied frequency Band,

Caetficats N ET3-1787_Augll
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Deviation from Isotropy in HSL
Error (4, 8), f = 800 MHz

Errar [dB]

- L]
-1 000 A0 W-0.80-0.60 W-060-0 47 W0 400 30 W-330-0.00

@0.00-020 WOXN-020 Q040060 BOS-0B0 WOE-1.00

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cenificate No: ETE17E7_Aughl Page & of 8
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Zoughausstrasse 43, 8004 Zurich, Switzerland RN Swiss Calibration Service
Accrecied by (ha Swiss Accradiation Serdcs (SAS) Accreditation No.: SCS 108
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Muttitateral Agreament for the recognition of calibration corificatea

cient  Sporton (Auden) Cortificate No: DAE3-577_NovD8
|CALIBRATION CERTIFICATE

Ctiact DAE3 - SD 000 D03 AA - SN: 577
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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.

s The following parameters as documented in the Appendix contain technical information as a
result from the performance tesl and require no uncerainty.

s 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
measurament.

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

s Channel separation; Influence of a voltage on the neighber channels not subject to an
input voltage.

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

s Input Offset Measurement: Output voltage and statistical results over a large number of
Zero vollage measurements.

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

* [nput resistance: DAE input resistance al the connector, during internal auto-zeroing
and during measurament.

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

= Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
AD - Converter Resolution nominal
High Range: IL5B = 6.1V . full range = -100...+300 mV
Low Range: 1LSB = BinV, full ange = -1...... «ImV
DASY measuramant paramatars: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors x ¥ z
High Range 404 437 +0.1% (k=2) | 403.882 +0.1% (k=2) | 404.321£0.1% (k=2)
Low Range 3030985+ 0.7% (k=2) | 3.94600 £ 0.7% (k=2) | 394542 £ 0.7% (k=2)
Connector Angle
Connector Angle 1o be used in DASY system 268°+1*
Cenificate No: DAE3-5TT_MNovid Page dof &
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Appendix
1. DC Voltage Linearity
High Range Input (uV) Reading (uV) Error (%)
Channel X + Input 200000 200000.5 0.00
Channal X + Input 20000 20006.28 0.03
Channel X = Input 20000 -19907.96 0,01
Channel ¥ + Input 200000 194999.8 0.00
Channal ¥ + Input 20000 20003.35 0.02
Channal Y - Input 20000 -20003.31 0.02
Channel Z + Input 200000 200000.3 0.00
Channal Z + Input 20000 20006 28 0.03
Channel Z - Input 20000 15000 42 0.00
Low Range Input (uV) Reading (uV) Error (%)
Channel X + Input 2000 2000 .00
Channael X + Input 200 200.54 032
Channal X = Input 200 -129.81 019
Channel ¥ + Input 2000 2000 0.00
Channel ¥ + Input 200 199.30 <031
Channel Y = Inpart 200 -201.03 0.52
Channel Z + Input 2000 2000 0.00
Channel Z + Input 200 189,42 -0.29
Channel Z - Input 200 -200.73 0.36
2. Common mode sensitivity
DASY mesasurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Camman mode High Ranga Low Range
Input Valtage (mV) Avarage Reading (uV) Average Reading (uV)
Channel X 200 13.38 13.83
- 200 -13.53 -13.82
Channel Y 200 -5.55 -6.00
= 200 5.08 5.66
Channel £ 200 -1.00 0.72
- 200 0,80 -0.52
3. Channel separation
DASY measuremant parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltags (mV) | Channel X (uV) | Channel ¥ (pV) Channel Z (pV)
Channel X 200 - 1.66 0.50
Channel ¥ 200 180 . 3.85
Channel Z 200 -0.95 0.48 -
Certificais No: DAE3-5TT_MovD8 Page 4 of 5
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4. AD-Converter Values with inputs shorted

DASY measurement paramelers. Auto Zerg Time: 3 sec; Measuring time: 3 sec
High Range (LSB) Low Range (LSB)

Channal X 15867 16080
Channel Y 15851 16385
Channel Z 16197 16100

5. Input Offset Measurement
DASY measuremeni paramelers: Auto Zero Time: 3 sec; Measuning time: 3 sec
Input 10ME

Average (4V) | min. Offset (1V) | max. Offset (1) | ' E:]l'"’“"

Channel X 1.13 -1.22 229 0.58
Channel ¥ -1.51 -2.99 0,83 0.52
Channel Z 0.02 0.89 092 0.38

6. Input Offset Current
Mominal Input circuitry offset curment on all channeds; <2504

T lnEl.l‘I Resistance

Zeroing (MOhm) Measuring (MOhm)

Channel X 0.2000 198.6
Channel ¥ 0.2001 1940.4
Channel Z 0.2000 1988

8. Low Battery Alarm Voltage (verified during pre test)
Typical values Alarm Level (VDC)
Supply [+ Vec) : +79
Supply (- Vec) -T.B

9. Power Consumption (venfiad during pre tes)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply [+ Vec) +0.0 +6 +14
Supply (- Vee) -0.01 -8 ¥}
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