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Appendix B

Uncertainty Analysis
Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram

la b c d le=f(dk) |a i= k
cxgle
o S = Section in [Tol Prob.  |Div. Ci 1g Vi
I Qmpone [ - -
nEaalny Compa P58 | Dt i) U % [vem

Probe calibration E21 6.0 N 1 1 6.00 -
| Axial isatropy EZ22 0.5 R 1.73 on 0.20 -
hemispherical isotropy E22 26 R 1.73 on 1.06 =
|Boundary effect E23 1.0 R 1.73 1 0.58 -
Linearty E24 0.6 R 1.73 1 0.35 -
System detection limit E25 10 R 1.73 1 0.58 L
Readout electronics E26 03 N 1 1 030 L
Response lime E27 08 R 173 1 0.46 -
Integration time E28 26 R 1.73 1 150 -
RF ambient Condition -Noise E&1 3 R 1.73 1 1.73 -
[RF ambient Condition - reflections E&1 3 R 1.73 1 1.73 -
Ficke postioning-mestapical E62 04 R 173 1 023 -
tolerance

Probe positioning- with respect to

phantom EB3 29 R 173 1 167 -
Max. SAR evaluation E52 1.0 R 1.73 1 0.58 -
Test sample positioning E42 118 M i 1 1.18 19

Device holder uncertainky E41 36 M 1 1 3.80 =
Output power variation -SAR drift

i aarndnd 663 5 R 1.73 1 289 L]
[Phantom uncertainty (shape and

ihickness tolerances) E3.1 6.6 R 1.73 1 a8 =
Liquid conductivity - deviation from E32 5 R 178 054 1.5 -
target values

Liguid conductivity - deviation from E32 1.91 N 1 064 1922 a
target values

Liquid permittivity - deviation from

target values E33 5 R 1.73 06 1.73 -
Liquid permittivity - deviation from

target values E33 1.91 N 1 06 1.15 9
(Combined standard uncertainty RSS 9.80 54840

Expanded uncertainty iy

(95% CONFIDENCE INTERVAL) he2 faet
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Uncertainty Analysis
Measurement uncertainty for 3 (llz to 6 (llz averaged over 1 gram

a b c d e=fldk) |a I= k
cxgle
[—— ot Section in [Tol Prob.  |Div. Ci 1g Vi
ompone -

hty Gompo P1528  |(%) Dist. (1a) (%) |(vem
Probe calibration E21 655 N 1 1 B.55 =
Axial isotropy E22 05 R 173 on 0.20 =
hemispherical isotropy E22 286 R 1.73 omn 1.06 L]
Boundary effect E23 20 R 173 1 1.15 =
Linearity E24 08 R 173 1 035 L
System detection limit E25 1.0 R 173 1 0.58 L]
[Readout electronics E28 03 N 1 1 030 Ld
Response time E27 08 R 173 1 0.46 L]
Integration time E28 26 R 173 1 1.50 -
[RF ambient Condition -Moise EB1 3 R 173 1 1.73 L
[RF ambient Condition - reflections EBA1 3 R 1.73 1 1.73 L]
Probe posfioning- mechanical
el aranics EB2 1.5 R 173 1 0.87 -
Probe positioning- with respect to
phantom E63 29 R 1.73 1 1.67 L
Max, SAR evaluation ES2 4.0 R 173 1 23 -
Test sample positioning E4.2 1.18 ] 3 1 1.18 19
Device holder uncertainty E41 36 N L] 1 360 -
Cutput power variation -SAR drift
e eastrairiant 6683 - R 1.73 1 289 -
[Phantom uncertainty (shape and
thickness tolerances) E31 6.6 R 1.73 1 s -
Liquid conductivity - deviation from
target valuss E32 5 R 1.73 0.64 1.85 L
Liigutd SO Etivity « devition from E32 191 N 1 0.64 122 8
target values
Liquid permittivity - deviation from E33 5 R 1.73 08 1.73 o
target values
Liquid permittivity - deviation from
et s E33 1.91 N 1 08 1.15 9
Combined standard uncertainty RSS 10.48 71454
Expanded uncertainty -
(85% COMFIDENCE INTERVAL) Kr2 2020
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Appendix C
Calibration Certificate

- PROBE

- DAE

- 2450 Mz, 5000 Mz DIPOLE
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rtificate
‘“w“ S Schweizerischer Kalibrierdionst
= c Service suisse d'étalonnage
g Servizlo svizzero di taratura

i: =z

Swiss Calibration Service

Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA

for the

of

Client

SGS (Dymstec)

Certificate No: EX3-3862_Feb13

CALIBRATION CERTIFICATE

Object EX3DV4 - SN:3862

Calibration procedure(s) QA CAL-01.v8, QA CAL-14.v3, QA CAL-23.v4, QA CAL-25.v4
Callibration procedure for dosimetric E-field probes

Calibration date: February 4, 2013

This ifi the o national which realize the physical unds of measurements (SI).

The and the with confs y are given on the following pages and are part of the certificate.

Al have been in the closed laboratory faciity: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (METE critical for calibration)

Prmary Standards o Cal Date (Certificate No. Scheduled Calibration
| Power meter E44198 6841293874 29-Mar-12 [No. 217-01508) Apr-13

Power sensor E44124 MY41498087 29-Mar-12 (No. 217-01508) Apr-13

Raference 3 dB Aftenuator SN: 55054 (3c) 27-Mar-12 [No. 217-01531) Apr-13

Raference 20 dB Attenuator SN: B5086 (200) 27-Mar-12 (No. 217-01525) Apr-13

Reference 30 dB Attenuator SN: 55128 (30b) 27-Mar-12 [No. 217-01532) Apr-13

Reforence Probe ES30V2 SN: 3012 28-Dec-12 {No. ES3-3013_Dec12) Dec-13

DAE4 SN: 660 20-Jun-12 {No. DAE4-660_Jun12) Jun-13

Secondary Standards D Check Date (in house)

RF generator HP 8548C US3642001700 4-Aug-88 (in house check Apr-11)

Network Analyzer HP B753E US37390585 18-Oct-01 (in house check Oct-12)

MName Function
Casbrated by: Claudio Leubler Laboratory Technician |
Approved by: Katja Pokovic Technical Manager /Z’? ﬁ ¢
Issued: Febmuary 4, 2013

This i shall not be rep: axcapt in full without written approval of the

Certificale No: EX3-3862_Feb13

SGS Koea (o, Ltd.
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Schwaizerischer Kalibriordienst
Sorvice suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredied by the Swiss Acereditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Sorvice is one of the signatories to the EA
\g for the of
Glossary:
TSL tissue simulating liquid
NORMzxy.z sensitivity in free space
ConvF sensitivity in TSL / NORMx,y.z
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A.B.C.D P dent linearization p
Polarization ¢ « rotation around probe axis
Polarization 8 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Praclice for Datarmnnlng the Peak Spaual Averaged Specific

Absorption Rate (SAR) in the Human Head from Wi ions Devices: |
Technigues”, December 2003

b) IEC 52209-1 “Pi dure to the Specific Ab Rate (SAR) for hand-held devices used in close
p y to the ear (freq range of 300 MHz 10 3 GHzJ February 2005

Methoﬂs Applied and Interpretation of Par t

NORMz,y,z: d for E-field polarization & = 0 (f < 8900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORM,y,z are only intermediate values. i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

. NORWOX,}' z = NORMx.y,z * freq Y (see F P Chart). This fi
n DASY4 soft Ialer than 4.2, The unoeﬁalnty of the frequency response is lndudad
in the stated unl:erlalnty of ConvF.
+« DCPxy.z: DCP are i i based on the data of power sweep with CW

signal (no uncertainty required). DCP does nnl 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 Dxy.z; VRx.y.z: A B, C, D are numerical li i based on
the data of power sweep for specific signal. The s do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

«  ConvF and B y Effect F in flat using E-field (or Temperature Transfer

Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements 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 pruhe ac:cumcy close to the boundary. The sensitivity in TSL comesponds
to NORMSz.y,z * ConvF whereby the to that given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and hngher whu:h allows extending the validity from £ 50 MHz to £ 100
MHz.

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

* Sensor Offset: The sensor offset corresponds to the offset of virlual measurement center from the probe tip
(on probe axis). No tolerance required,
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EX3DV4 - SN:3862 February 4, 2013

Probe EX3DV4

SN:3862

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN:3862 February 4, 2013

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

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Une (k=2)
! Norm ffwsvnnﬁ‘ 0.42 043 0.37 +10.1%
DCP (mV) 102.3 98.0 101.2

Modulation Calibration Parameters

[V} Communication System Name A B c D VR Unc
dB | dByvuv dB mv (k=2)
0 oW x| oo 0.0 1.0 000 | 1525 | #3.3%
¥| oo 0.0 1.0 150.7
F 0.0 0.0 1.0 188.9

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%.

:meumm of MormX, Y, Z do not affect the E*-fiekd uncertainty inside TSL (see Pages 5 and 6),
i ired

'Unwrimhummmmumudwid.:n{m linear response applying g jon and is for the square of the
fietd valua.
Certificate No: EX3-3862_Feb13 Page 4 of 11
SGS Korea Qo Ltdl. #18-34,Sanban—abng, Qunpo—4, Gyeongoi—do ,463-M0 KOREAL 8231428 500 f+& 31 47 2370 www ke sgscam/e

VETDero RSSSFOLO DaaeGaaaE Gesureace)



ReportFile No.:  F690501/RF-SAR002108-A4

Date of Issue : 2013-08-28
Page : 85/120
EXIDV4- SN:3862 February 4, 2013

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
f(MHz)® | Permittivity" (sim)" ConvFX | ConvFY | ConvFZ | Alpha | (mm) (k=2)

835 41.5 0.90 9.98 9.98 9.98 0.21 119 | +120%
900 415 0.97 9.89 9.89 9.89 015 | 152 | +120%
1750 40.1 1.37 871 8.71 871 024 | 112 | +120%
1900 40.0 1.40 8.36 8.36 8.36 037 | 080 | +120%
2450 392 1.80 741 7.41 7.41 028 | 105 | +120%
5200 36.0 4.68 4.92 492 492 040 | 180 | +13.1%
5300 359 4.76 4.67 467 4.67 040 | 180 | +£131%
5500 356 4.95 4.48 4.48 4.49 050 | 180 | £131%
5600 355 5.07 425 4.25 425 050 | 180 | +131%
5800 353 5.27 4.08 4.08 4.09 050 | 180 | +131%

© Fraquency validity of + 100 MHz only applies for DASY vd 4 and higher (see Page 2), else i is restricled to + 50 MHz. The uncerainty is the RSS
of the ConvF at qp y and the inty for the indicated band.
F At frequencies below 3 GHz, the validity of tissue parameters (¢ and o) can be relaxed 1o * 10% if kquid compensation formula is applied to
measured SAR values. Al frequencies above 3 GHz, the validity of lissue parameters (& and o} is resiricted to + 5%, The uncartainty is the RSS of
the ConvF uncerainty for indicated target tissue paramaters.
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EX3DV4- SN:3862 February 4, 2013

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

Calibration Parameter Determined in Body Tissue Simulating Media

1 (MHz) © P-?ml:tﬂwm' °“'{§)"_ﬁfr""" ConvFX | ConvFY | ConvFZ _m_&_?-:_:q& lilklczii
835 55.2 0.97 9.76 9.76 9.76 0.27 111 | +120%
900 55.0 1.05 9.66 9.66 9.66 0.30 1.00 | $120%
1750 534 1.49 8.08 8.08 8.08 038 | 081 | £120%
1900 53.3 1.52 7.72 7.72 7.72 030 | 096 | +120%
2450 52.7 1.95 7.25 7.25 7.25 080 | 050 | £120%
5200 49.0 5.30 426 428 4.26 050 | 190 | +131%
5300 48.9 542 4.18 4.18 4.18 050 | 190 | +131%
5500 486 5.65 3.89 3.89 3.89 050 | 190 | +£131%
5600 48.5 577 373 373 a3 050 | 190 | £131%
5800 48.2 6.00 4.04 4.04 4.04 050 | 190 | #131%

"memywmmm1uuqunmyappmmrmsvndmmmpmz:_muummwHH:. Tha uncartainty is the RSS
of the ConvF at and th for the indicated band

'Nmmnmmaaﬂnhmmmmnmttﬁu}unMrelludtoﬂmailliq'ummwmmmmewto
measured SAR values. Al frequencies above 3 GHz, the validity of tissue parameters (¢ and o) is restricled to £ 5%. The uncerainty & the RSS of
the ConvF uncertainty for indicated target tissue paramaeters.
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EX3DV4- SN:3862 February 4, 2013

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

TTTT

T

1.0

=
™

Frequency response (normalized)

07

T T T T T T T T T T T T TT
-

[r 7,5 i A NS S Y A S5 O T N A e IO NN I S O Y I O |

of F R of E-field: £ 6.3% (k=2)

| Y P
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EX3DVd- SN:3862 February 4, 2013

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
R= g ey
™ - 15 -
w V62 0e od o w A P
= ns s i ns
il o Bt sl )
0 [} 0] ] (] .
Tt ¥ ¥ z Tot % ¥ z
0sf
g
'l'g‘.' L e o~ e 3 e A
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TRTEE SRR RN T R S SN I SO T A0S A NPUR ST IRN (5 S PR S WA AT S
ko -1bo 2o s 100 10
Rol [7] o
. »
1ok eds e 30Tk 1T
Uncertainty of Axial Isotropy A +0.5% (k=2)
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EX3DV4- SN:3862 February 4, 2013

Dynamic Range f(SARpeaq)
(TEM cell , f = 900 MHz)

10842
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1074k
1
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uw r
44 |
r e
5.1 L
3 T |
102 102 101 100 107 102 102
SAR [mWem3]
L 3]
nct compensated compensated
y of L y A t: £ 0.6% (k=2)
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EX30V4- SN:3862 February 4, 2013
Conversion Factor Assessment
f= 835 MHz, WGLS R9 (H_comvF) = 1900 MHz WGLS R22 (H_comF)
:!-L o]
i -

AR
SAR

8d -~
- 10
100 -
o8 = ‘L
T S N N PSRy 1 O E Oy R A PR IR e
o 10 = © = " o @ & w B o ®m B W W &
= i slem) :

Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz

-0 -08 -06 -04 02 00 02 04 05 08 10

inty of Spheri +2.6% (k=2)
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EX3DV4- SN:3862 February 4, 2013

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (%) 713
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 8 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1mm
Recommended Measurement Distance from Surface 2mm
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- DAE4 Calibration Certificate

Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner SN Service suisse d'étalonnage

Engineering AG 2 3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Er ‘\.53‘ Swiss Calibration Service

by the Swiss A Senvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
A for the of

cliet ~ SGS (Dymstec) Cartificate No: DAE4-1340_May13

CALIBRATION CERTIFICATE

Object DAE4 - SD 000 D04 BJ - SN: 1340

Calibration procedure(s) QA CAL-06.v26

Calibration Equipment used (M&TE crilical for calibration)

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 28, 2013

This. the o national . which realize the physical units of measurements (S1),
The and the with p ty are given on the following pages and are part of the cerificate.
All calibrations have been conducted in the closed facility: (22 2 31°C and humidity < 70%.

Primary Standards |iD# Cal Date (Certificate No.) Scheduled Calibration
Keithiey Multimeter Type 2001 | SN: 0810278 02-0ct-12 (No:12728) Oct-13
Secondary Standards |io# Check Date (in house) Scheduled Check
Auto DAE Calibration Uniit SE UWS 053 AA 1001 07-Jan-13 (in house check) In house check: Jan-14
Calibrator Box V2.1 SE UMS 006 AA 1002 07-Jan-13 (in house check) In house check: Jan-14
Name Function Signature
I : Eric Hainfeld Technician =
e =
Appraved by: Fin Bomholt Deaputy Technical Manages = .
SR s
Issued: May 28, 2013
This i ificate shall not be except in full without writien approval of the lal
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Calibration Laboratory of
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Engineering AG
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Schweizerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura

43, B004 Zurich, Swiss Callbration Service
by the Swiss itation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
e i Sor e of
Glossary
DAE data acquisition electronics

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

coordinate system.

Methods Applied and Interpretation of Parameters

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

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

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

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

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

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

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

e Input Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements.

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

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

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

«  Power consumption: Typical value for information. Supply currents in various operating
modes.
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DC Voltage Measurement
AJD - Convertar Resolution nominal
High Range: 1sB= B.pV, full range =  -100...+300 mV
Low Range: 1LSB = B1nV, full range= -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y Z
High Range 404.548 + 0.02% (k=2) | 404.470 + 0.02% (k=2) | 404.562 + 0.02% (k=2)
Low Range 3.98550 + 1.50% (k=2) | 3.96123 £ 1.50% (k=2) | 4.01505 + 1.50% (k=2)
Connector Angle
Connector Angle to be used in DASY system 2560°+1° —|
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (V) Error (%)
Channel X + Input 199998.32 243 0.00
Channel X +Input 20002.47 203 0.01
Channel X = Input -19998.98 2.03 -0.01
Channel Y + Input 1998997.70 1.83 0.00
Channel ¥ + Input 19998.45 -1.90 -0.01
Channel Y - Input -20002.56 -1.52 0.01
Channel Z + Input 195599.09 3.10 0.00
Channel Z + Input 19998.93 -1.37 -0.01
Channel Z - Input -20004.14 -3.09 0.02
Low Range Reading (uV) Difference (V) Error (%)
Channel X + Input 2002.39 1.58 0.08
Channel X + Input 201.78 0.64 0.32
Channel X - Input -188.30 0.48 -0.24
Channel Y +Input 2001.37 0.65 0.03
Channel Y + Input 200.79 -0.20 -0.10
Channel Y - Input -189.15 -0.30 0.15
Channel Z + Input 2001.45 0.74 0.04
Channel Z + Input 199.68 -1.47 0.73
Channel Z = Input -200.11 -1.24 0.63
2. Common mode sensitivity
DASY measurement parameters: Auto 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 2.10 0.13
- 200 1.82 -0.25
Channel Y 200 -13.32 -13.31
-200 12.50 12.53
Channel Z 200 -11.10 -11.03
-200 8.58 B8.38

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 - -0.45 -3.45
Channel Y 200 5.42 - 0.38
Channel Z 200 10.51 39 -
Certificate No: DAE4-1340_May13 Page 4 of 5
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4. AD-Converter Values with inputs shorted

DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15826 15920
Channel ¥ 16272 15667
Channel Z 16043 16075

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

Input 10MO
Average (V) | min. Offset (uV) | max. Offset(uv) | S ';';‘_\‘,f;“"““

Channel X -0.72 AT77 0.73 0.38
Channel Y -1.29 -3.22 -0.26 0.36
Channel Z 215 -3.00 147 0.39

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

7. Input Resistance (Typical values for information)

Zeroing (kOhm) Measuring (MOhm)

Channel X 200 200
Channel Y 200 200
Channel Z 200 200

8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vee) +7.9
Supply (- Vec) -76

9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vec) +0.01 +6 +14
Supply (- Vee) -0.01 -8 9
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- 2450 Mz Dipole Calibration Certificate

Calibration Laboratory of S, Schweizarischer Kallbrierdienst
Schmid & Partner %‘U gﬁ Service suisse d'étalonnage

Engineering AG T Servizio svizzero di taratura
Zeughausstrasse 43, B004 Zurich, Switzerland "@“ Swiss Calibration Service

by the Swiss Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
for the of calibrati

cient  SGS (Dymstec) Certificate No: D2450V2-892_Jul12

CALIBRATION CERTIFICATE

Otject D2450V2 - SN: 892

Calibration procedure(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz

Calibeation date: July 09, 2012

This i the to national . which realize the physical units of measuremants (S1).
The and the ith confid p y are given on the following pages and are pan of the certificate.
All calibrations have been conducted in the closed | y facillty: (22 + 3)°C and humidity < 70%.

Calibration Equipment used (MATE critical for calibration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Power meter EPM-442A, GEI7480704 05-0ct-11 (No. 217-01451) Oct-12

Power sensor HP B481A. Us37292783 05-0ct-11 (Mo, 217-01451) Oct-12

Reference 20 dB Attenuator SN: 5058 (20k) 27-Mar-12 (No. 217-01530) Apr13

Type-N mismatch combination SN: 5047.2 / 06327 27-Mar-12 (No. 217-01533) Apr-13

Referance Probe ES30V3 SN: 3205 30-Dec-11 (No. ES3-3205_Dec11) Dec-12

DAE4 SN: 901 05-Jun-12 (No. DAE4-801 _Jun12) Jun-13

Secondary D # Check Date (in house) Scheduled Check

Power sensor HP B4B1A MY41002317 18-0ct-02 (in house check Oct-11) In house check: Oct-13

AF ganerator A&S SMT-06 100005 04-Aug-89 (in house check Oct-11) In house check: Oct-13

Network Anatyzer HP B753E US3T300585 54206 18-Dct-01 (in house check Oct-11) In house chack: Oct-12
Name Function Signature

Calibrated by: Israe El-Naoug Laboratory Technictan

OM €L 90&0(.!.6\
Approved by: Katja Pokovic Technical Manager %/;z

Issued: July 9, 2012

This calibration cortificate shall not be axcapt in full without written approval of the laboratory.
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Calibration Laboratory of ol Schweizerischer Kalibrierdienst
Schmid & Partner 5%.‘ Service sulsse détalonnage
Engineering AG =N Servizio svizzera di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland a‘-/?:.\w‘; Swiss Calibration Service
Al
A ited by the Swiss Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
for the recognition of

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2003, “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
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
Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

b

c

Additional Decumentation:
d) DASY4/5 System 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.

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

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

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

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

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate 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 corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.8.1
Extrapolation Advanced Extrapolation
Phantom Medular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and cal were applied.
Temp Permittivi c y
Nominal Head TSL p 220°C 392 1.80 mho/m
M Head TSL p. (22.0£0.2)°C IBO+E% 1.85 mho/m 6 %
Head TSL temperature change during test <05°C — e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 135mW/g
SAR for nominal Head TSL parameters normalized to 1W 53.2mW /g = 17.0 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 250 mW input pawer 624mW /g
SAR for nominal Head TSL parameters normalized to 1W 24.8 mW /g £ 16.5 % (k=2)
Body TSL parameters
The following par: and calculations were applied.
T rer { Y C | Y
Nominal Body TSL p 220°C 527 1.95 mha/m
M d Body TSL p (22.0+0.2)°C 51.4+6% 2,01 mho/m £ 6 %
Body TSL temperature change during test <05°C aae
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Candition

SAR measured

250 mW input power

133mW/ig

SAR for nominal Body TSL parameters

normalized to 1W

52.1 mW / g = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

618 mW /g

SAR for nominal Body TSL parameters

nommalized to 1W

24.4 MW/ g = 16.5 % (k=2)
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 53.40+12jQ
Return Loss -29.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50102 +37jQ
Aetum Loss -28.7dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.163 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the

second arm of the dipole. The is hort-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to imp hing when loaded ding to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on October 06, 2011
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DASY5 Validation Report for Head TSL
Date: 09.07.2012

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 892

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.85 mho/m; & = 38.9; p = 1000 kgfm"
Phantom section: Flat Section

Measurement Standard: DASY'S (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

]

Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.45); Calibrated: 30.12.2011;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn901; Calibrated: 05.06.2012

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
DASYS52 52.8.1(838); SEMCAD X 14.6.5(6469)

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

Reference Value = 100.7 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 27.968 mWi/g

SAR(1 g) = 13.5 mW/g; SAR(10 g) = 6.24 mW/g

Maximum value of SAR (measured) = 17.4 mW/g

5.20
-10.40
-15.60
-20.80
- e
0dB =174 mW/g=24.81 dB mW/g
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Impedance Measurement Plot for Head TSL

9 Jul 2012 10189186
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DASYS5 Validation Report for Body TSL

Date: 09.07.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 892

Communication System: CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 2,01 mho/m; &, = 51.4; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYS52 Configuration:
* Probe: ES3DV3 - SN3205; ConvF(4.26, 4.26, 4.26); Calibrated: 30.12.2011;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn901; Calibrated: 05.06.2012
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
+ DASY52 52.8.1(838); SEMCAD X 14.6.5(6469)

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

Reference Value = 96.580 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 27.389 mW/g

SAR(1 g) = 13.3 mW/g; SAR(10 g) = 6.18 mW/g

Maximum value of SAR (measured) = 17.5 mW/g

v
480
9.60
14.40
18.20
-24.00 o
0dB = 17.5 mW/g = 24.86 dB mW/g
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Impedance Measurement Plot for Body TSL

9 Jul 2012 1@:08:29
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- 5000 Miz Dipole Calibration Certificate

Calibration Laboratory of e, Schweizarischer Kallbrierdien
Schmid & Partner SN=r Service suisse d'étalonnage o
Engineering AG % Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

e

dited by the Swiss Sarvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA 4 k
i g for the of
client  SGS (Dymstec) Certificate No: DSGHzV2-1106_Mar13
[CALIBRATION CERTIFICATE

Object D5GHzV2 - SN: 1106

Calibration procedure(s) QA CAL-22.v2
Calibration procedure for dipole validation kits between 3-6 GHz

Calibration date: March 15, 2013

This cali i the to national which realize the physical units of measurements (S1).
The and the i with L P y are ghwen on the following pages and are part of the cerificate.
All calibrations have been conducted in the closed facility: (22 = 3)C and humidity < 70%.

Calibration Equipment used [M&TE critical for calibration)

Primary Standards 1D # Cal Date ificate No. Scheduled Calibration

Power moter EPM-4424 GBA7480704 01-Nowv-12 {No. 217-01640) Oct-13

Power sensor HP B481A Us372e27e3 01-MNov-12 (No. 217-01840) Oct-13

Referance 20 dB Altenuator SN: 5058 (20K) 27-Mar-12 (No. 217-01530) Apr-13

Type-N mismatch combination SN: 5047.3 / 06327 27-Mar-12 (No. 217-01533) Apr-13

Relerence Probe EX3DV4 SN: 3503 28-Dec-12 (No. EX3-3503_Dec12) Dec-13

DAE4 SN: 801 27-Jun-12 (No. DAE4-601_Jun12) Jun-13

Swanﬁﬂg Standards D# Check Date (in house] Schaduled Check

Power sensor HP B481A MY41082317 18-Oct-02 (in house check Oct-11) In house check: Oct-13

RF generator A&S SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13

MNetwork Analyzer HP B753E LIS37390585 S4206 18-0ct-01 {in house check Oct-12) In house check: Oct-13
MNama Function Signatura

Calibrated by: Israg EFNaoug Laboratory Technician W é( ’\7
Approved by: Katja Pokovic Technical Manager %g aﬁkﬂ

Issued: March 15, 2013

This shall not ba except in full without written appeoval of the laboratory.
Certificate No: D5GHzV2-1106_Mar13 Page 1 of 16
SGS Korea Qo Ltdl. #18-34,Sanban—abng, Qunpo—4, Gyeongoi—do ,463-M0 KOREAL 8231428 500 f+& 31 47 2370 www ke sgscam/e

VETDero SESEFOLD DaaeGaaaE Gesureace)



Date of Issue : 2013-08-28
Page : 106 /120

Calibration Laboratory of e, Schwaizerischer Kallbrierdienst
Schmid & Partner = Service suisse ¢‘étalonnage

Engineering AG Y Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland /ﬁ\‘ Swiss Calibration Service

by the Swiss jtation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service Is one of the signatories to the EA
Ag for the recognition of if

Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EC 62209-2, “Evaluation of Human Exposure to Radio Freguency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: “Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010
Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

b

Additional Documentation:
c) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

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

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

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

» SAR measured: SAR measured at the stated antenna input power.

e SAR normalized: 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 calculate 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 corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS vs2.85
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz =1 MHz
5300 MHz + 1 MHz
Frequency 5500 MHz = 1 MHz
5600 MHz £ 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz

The following p and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL p 220°C 36.0 4,66 mho/m
M i Head TSL p (22.0£0.2)°C 344:6% 4.52 mho/m + 6 %
Head TSL temperature change during test <05°C i e
SAR result with Head TSL at 5200 MHz
SAR averaged over 1 em’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.26 Wikg
SAR for nominal Head TSL parameters normalized to 1W 81.8 Wikg = 19.9 % (k=2)
SAR averaged over 10 em” (10 g) of Head TSL condition
SAR measured 100 mW input power 2.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.3 Wikg +19.5 % (k=2)
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Head TSL parameters at 5300 MHz
The following parameters and calculations were applied.
- i ¥ Ci i ivif ¥
lominal Head TSL p 220°C 359 4.76 mho/m
M d Head TSL p t (22.0+0.2)°C 34.326% 4.62 mholm + 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL at 5300 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.42 Wikg
SAR for nominal Head TSL parameters normalized to 1W 83.3 W/ kg £19.9 % (k=2)
SAR averaged over 10 em’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.40 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.7 Wikg £ 19.5 % (k=2)
Head TSL parameters at 5500 MHz
The following parameters and calculations were applied.
oz Permittivity e
Nominal Head TSL p 220°C 3556 4.98 mho/m
M d Head TSL p (22.0+02)°C 340+6% 4.80 mho/m + 6 %
Head TSL temperature change during test <05°C - —_—
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.64 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 85.4 Wikg +19.9 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measurad 100 mW input power 2.46 Wikg
SAR for nominal Head TSL normalized to 1W 24.3 Wikg +19.5 % (k=2)
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Head TSL parameters at 5600 MHz
The following parameters and calculations were applied.
T Per ity Cond y
Head TSL p 220°C 355 5.07 mho/m
M Head TSL ¢ (22.020.2)°C 339+6% 4.91 mho/m 26 %
Head TSL temperature change during test <0.5°C —_— e
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.55 Wikg
SAR for nominal Head TSL parameters ized to 1W B84.6 Wikg = 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW input power 2.43 Wikg
SAR for nominal Head TSL parameters normalized to 1W 24.0 Wikg = 19.5 % (k=2)
Head TSL parameters at 5800 MHz
The following p and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL 220°C 353 5.27 mho/m
M i Head TSL p (22.0:02)°C 336+6% 5.11 mho/m +6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.21 Wikg
SAR for nominal Head TSL paramaters nomalized to 1W 81.2 Wikg + 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 100 mW input power 2.33 Wikg
SAR for nominal Head TSL parameters normalized to 1W 23.0 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Body TSL p 22.0°C 49.0 5.30 mho/m

M d Body TSL p (22.0£0.2)°C 470£6% 5.42 mho/m +6 %

Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5200 MHz

SAR averaged over 1 cm’ (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.55 Wikg

SAR for inal Body TSL nomalized to 1W 74.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 100 mW input power 2.11 Wikg

SAR for nominal Body TSL parameters normalized to 1W 20.9 Wikg = 19.5 % (k=2)
Body TSL parameters at 5300 MHz

The following parameters and calculations were applied.
T F ivil C y

Nominal Body TSL ¢ 220°C 48.9 5.42 mho/m

M d Body TSL (220+0.2)°C 46.9 6 % 5.55 mho/m £ 6%

Body TSL temperature change during test <05°C ee -
SAR result with Body TSL at 5300 MHz

SAR averaged over 1 em® (1 g) of Body TSL Condition

SAR measured 100 mW input power 7.74 Wikg

SAR for nominal Body TSL parameters normalized to 1W 7E.8B Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 100 mW input power 2.17 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.5 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Ti F y Cond ¥

Nomi Body TSL 220°C 486 5.65 mho/m

M i Body TSL (22.0x0.2)°C 46.5+6 % 5.80 mho/m =6 %

Body TSL temperature change during test <05°C i e
SAR result with Body TSL at 5500 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 100 mW input power B.14 Wikg

SAR for nominal Body TSL parameters normalized to 1W B80.8 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm’® (10 g) of Body TSL condition

SAR measured 100 mW input power 2.25 Wikg

SAR for Body TSL ¢ normalized to 1TW 22.3 Wikg = 19.5 % (k=2)
Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.
Temg Permittivity e v

Nominal Body TSL p 220°C 485 5.77 mha/m

M d Body TSL p (22.0£0.2)°C 464+6% 5.94 mho/m £ 6 %

Body TSL temperature change during test <05°C — —
SAR result with Body TSL at 5600 MHz

SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured 100 mW input powar 8.20 Wikg

SAR for nominal Body TSL parameters normalized to W 81.4 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured 100 mW input power 2,27 Wikg

SAR for nominal Body TSL parameters normalized to 1W 22.5 Wikg = 19.5 % (k=2)
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Body TSL parameters at 5800 MHz
The following parameters and calculations were applied.
Temperat : Y Conductivity
Nominal Body TSL ¢ 220°C 48.2 6.00 mho/m
M d Body TSL ¢ (22.020.2)°C 461 £6% 6.21 mho/m =6 %
Body TSL temperature change during test =05°C o —
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.57 Wikg
SAR for nominal Body TSL parameters normalized to 1W 75.1 Wikg = 19.9 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 100 mW input power 2.08 Wikg
SAR for nominal Body TSL parameters normalized to 1W 20.7 Wikg = 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 5010-97jQ

Return Loss -20.3dB
Antenna Parameters with Head TSL at 5300 MHz

Impedance, transformed to feed point 5040-39jQ

Retumn Loss -28.3d8
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 4900-41Q

Retumn Loss -27.5dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 5390-51jQ

Return Loss -243dB
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 5450-14jQ

Return Loss -26.9dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 5030-93jQ

Retumn Loss -20.6dB
Antenna Parameters with Body TSL at 5300 MHz

Impedance, transformed to feed point 5090-32|Q

Return Loss -298dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 4970Q-250

Retumn Loss -31.9dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 5450-42i0

Retun Loss -246dB
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Antenna Parameters with Body TSL at 5800 MHz
Impedance, transformed to feed point 5440 +1.0[Q
Return Loss -27.2dB
General Antenna Parameters and Design
| Etectrical Delay (one direction) | 1.198 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when lcaded ding to the position as ined in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on March 11, 2011
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DASYS5 Validation Report for Head TSL

Date: 15.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1106

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 4.52 S/m; &, = 34.4; p = 1000 kg/m’ , Medium parameters
used: = 5300 MHz; o = 4.62 S/m; & =34.3; p = 1000 kg}m" ,» Medium parameters used: f= 5500 MHz; o =
4.8 S/m; & = 34; p = 1000 kg/m” , Medium parameters used: f = 5600 MHz; 6 =4.91 S/m; &, =33.9;p=
1000 kg/m’ , Medium parameters used: f = 5800 MHz; o = 5.11 S/m; & = 33.6; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)

DASY52 Configuration:

+ Probe: EX3DV4 - SN3503; ConvF(5.41, 5.41, 5.41); Calibrated: 28.12.2012, ConvF(5.1, 5.1, 5.1);
Calibrated: 28.12.2012, ConvF(4.91, 4.91, 4.91); Calibrated: 28.12.2012, ConvF(4.76, 4.76, 4.76);
Calibrated: 28.12.2012, ConvF(4.81, 4.81, 4.81); Calibrated: 28.12.2012;

« Sensor-Surface: 1.4mm (Mechanical Surface D ion)

+ Electronics: DAE4 Sn601; Calibrated: 27.06.2012
»  Phantom: Flat Phantom 5.0 (front); Type: QDO0OOPS0AA; Serial: 1001
+  DASY52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.348 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 30.6 W/kg

SAR(1 g) = 8.26 W/kg; SAR(10 g) = 2.36 Wikg

Maximum value of SAR (measured) = 19.2 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.418 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 32.1 Wikg

SAR(1 g) = 8.42 W/kg; SAR(10 g) = 2.4 W/kg

Maximum value of SAR (measured) = 19.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.553 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 34.1 W/kg

SAR(1 g) = 8.64 W/kg; SAR(10 g) = 2.46 Wikg

Maximum value of SAR (measured) = 20.5 W/kg
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Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.766 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.2 W/kg

SAR(1 g) = 8.55 W/kg; SAR(10 g) = 2.43 Wkg

Maximum value of SAR (measured) = 20.4 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 62.008 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 34.5 Wikg

SAR(1 g) = 8.21 W/kg; SAR(10 g) = 2.33 W/kg

Maximum value of SAR (measured) = 20.0 Wikg

B
o
-6.00
-12.00
-18.00
-24.00
-30.00
0dB =20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Head TSL

413 Mar 2013 14:53:23
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DASYS Validation Report for Body TSL

Date: 14.03.2013
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 5GHz; Type: D5GHzV2; Serial: DSGHzV2 - SN: 1106

Communication System: CW; Frequency: 5200 MHz, Frequency: 5300 MHz, Frequency: 5500 MHz,
Frequency: 5600 MHz, Frequency: 5800 MHz

Medium parameters used: f = 5200 MHz; o = 5.42 S.fm £ =47 p= 1000 kg/m" , Medium parameters used: f
= 5300 MHz; o = 5.55 S/m; &= 46.9; p = 1000 kg/m’ , Medium parameters used: f = 5500 MHz; 6 = 5.8
Sfm; a, 46.5; p = 1000 kg/m” , Medium parameters used: f = 5600 MHz; ¢ = 5.94 S/m; s, 46.4; p = 1000
kg/m’ , Medium parameters used: f = 5800 MHz; o = 6.21 S/m; & =46.1; p = 1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(4.91, 4.91, 4,91); Calibrated: 28.12.2012, ConvF(4.67, 4.67,
4.67); Calibrated: 28.12.2012, ConvF(4.43, 4.43, 4.43); Calibrated: 28.12.2012, ConvF(4.22, 4.22,
4.22); Calibrated: 28.12.2012, ConvF(4.38, 4.38, 4.38); Calibrated: 28.12.2012;

+ Sensor-Surface: | 4mm (Mechanical Surface Detection)

* Electronics: DAE4 Sn601; Calibrated: 27.06.2012

+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
+  DASYS52 52.8.5(1059); SEMCAD X 14.6.8(7028)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.488 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 29.8 W/kg

SAR(1 g) = 7.55 W/kg; SAR(10 g) = 2.11 W/kg

Maximum value of SAR (measured) = 17.6 W/kg

Dipole Calibration for Body Tlssuer'Pm_lﬂﬂmW dist=10mm, f=5300 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: ) grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.529 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 31.5 Wikg

SAR(1 g) = 7.74 W/kg; SAR(10 g) = 2.17 W/kg

Maximum value of SAR (measured) = 18.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.873 V/m; Power Drift =-0.02 dB

Peak SAR (extrapolated) = 35.1 Wikg

SAR(1 g) = 8.14 W/kg; SAR(10 g) = 2.25 W/kg

Maximum value of SAR (measured) = 19.7 W/kg
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Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.492 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 36.4 W/kg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2,27 Wikg

Maximum value of SAR (measured) = 20.1 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 56.370 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 35.1 Wikg

SAR(1 g) =7.57 W/kg; SAR(10 g) = 2.09 Wikg

Maximum value of SAR (measured) = 18.7 W/kg

a8
o
6.00
“12.00
-18.00
-24.00
-30.00
0dB=18.7 W/kg = 12.72 dBW/kg
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Impedance Measurement Plot for Body TSL
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