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v + T
Callb'_'atmn Laboratory of _\\‘“:k_:x_;""/., Schwaizarischer Kalibrierdinnst
Schmid & Partner a;E‘“‘H-_\'“—'/—-"E% Service suisse d'dlalonnage
Engineering AG T Sarvizio svizzero di taralura
Zeyghausstrasse 43, 3004 Zurich, Switzerand ‘—34:;;",::\\‘_‘3' Swiss Callbraton Sarvice
a7
Aceredited by the Sweass Ascreditation Sarvce (5AS) Accreditation Ne.: SCS 108

The Swiss Accredilation Servica s one of the signatenias 1o the EA
Multitateral Agreement for Ihe recognition of calibration certificates

Glossary:

TSL Hgsue simulating liquid

NORM:x.y.2 sensilivity in freg space

ConvF sengilivity in TS { NORM v,z

oCcF diede comprassion point

CF crest {astor (1/duty_cycle) of the RF signal

ABC rmodulation dependent linearization parameters

Faolarization w w rotation arcund probe axis

Polarization & 8 rotation around an axis that iz in the plang normal {e probe axis (st measuremant centar),

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

Calibration is Perfoermed According to the Following Standards:
ay |EEE Std 1528-2003, "IEEE Recommended Praclice for Determining the Peak Spatial-Averaged Specific
Absorplion Rate (SAR) in the Hurnan Head from Wireless Communications Devices: Measurement
Techriques”, December 2003
by 1EC §220%-1, *Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close
praximity to the ear (frequency range of 200 MHz 1o 3 GHZ)", Febroary 2005

Methods Applied and Interpretation of Pararmeters:

= NORMy,y 2: Assessed for E-field polarization § = 0 {f £ 800 MHz in TEM-cell; F > 1800 MMHz: R22 waveguide).
NORM: v,z are only inlermediate values, | &, the uncersinties of NORMx .2 does nal affect the B -field
unicertainty inside TSL (see below Conwvl).

o NORMx .z = NORMzx y.» * frequency_résponse (see Frequency Response Char). This linearizalion is
implemented in DASY4 soltware versions later than 4.2. The uncertainty of he frequency response is insluded
in the staled uncertainty of ComeF,

«  DCPyyz DCP are numerical ingarization parameters assessed based on the data of power sweep with CW
signal (na uncertainly required), OCP does not depend on frequency nor media.

+ PARPAR is the Peak lo Average Ratio lhat is not calibrated cut determined based on {he sigral
characteristics

= Ax g Beyz: Cxpz WRx pz: A B, C ara numerical lineanzation parameters assessed based on the data of
power sweep for specific madulation signal. The parameters do not depend on fraquency nor media. ¥R is the
maximuem calibeation range expressed in RMS voltage across the diode,

v ConwF and Boundary Effect Farameters: Assessed in flat phantam using E-feld (or Tempearature Transfer
Standard for f < 800 MHz) and inside waveguide using analylical field distibulions based an power
meazurements for f = 400 MHz. The same setups are used for assessment of tha parameters applied for
beundary compensation (alpha, depth) of which typical unceriainty values are given. These paramelars are
used in DASY4 software to improve probe accuracy close lo the boundzary. The sensitivity in TSL corresponds
o NORMx,y,z * CanvF wherehy the uncertainty correspands to that given for CormvF. A frequency dependent
Convfis used in DASY version 4.4 and higher which allows extending the validity fram + 50 MHz to + 100
MHz.

e Spherical isolropy {30 devialion from jsofrapy): in a field of low gradienls realized using a flal phantom
expozed by a patch antenna,

= Sensor Offsel The sensor offset corresponds 1o the offset of vitual measurerent centar irom the probe tip
{on prebe axis), No tolerance required.

Certificate Mot ET3-1559_Jan12 Fage 2 of 11
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ET30WE - SN 1308 January 18, 2312

Probe ET3DV6

SN:1559

tManufactured; December 1, 2000
Calibrated: January 18, 2012

Calibrated for DASY/EASY Systems

{Mote: nan-compalible with DASY 2 systeml)

Cerlifizate Mo: ET3-1553_lan12 Page 3 of 11
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ET3DVG- M 1559 January 18, g312

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Basic Calibration Parameters

[ Sensor X Sensor Y Sensor 2 Une {k=1}
{ Bonn [uvitdm) 5 1.73 163 1.63 10,7 %
| DCP {mv)® N 95.6 37.6 96.4

Modulation Calibration Parametars

E

T4 Communication System Mame PAR : A | B [+ VR une
dg 4B dB m¥ {k=32}
oo ] oW . 00 | % | ooo | ooe | top | 1013 | +30%
o ¥ .00 000 160 101.4
. z | oon D00 | teo 235

The reparted uncertainty of measurarment is stated as the standard uncertainly of measurement
multiplfed by the caverage faclor k=2, which for 2 normal distribution corresponds lo a coverage

probability of approximately 95%.

* The uncertainkies of Momm¥, ¥ 2 de rot alkec! (e E-igld uncensinty insida TSL (see Pages 5 ang &)

" Numerical limagrizalion parareler, unceainly not requircd.
© Uncartainly is detemingd using tho max deviation from Enaar responss Applying rectangular dislnbalian and & expressed loe the squars of the

figld value.

Cernificate No: ET3-1558_Jan12 Page 4 of 11
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ET3DvVE— BM; 1558 January 18, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Calibration Parameter Determined in Head Tissue Simulating Media

Ruelative Condustivity Dapth Unct

f (MHZ) Permittivity” ism}F ConvF X | GonvFY | ComvFZ | Alpha {rem} k=2}
450 425 0.87 731 .3 T3 0.18 208 £13.4 %
535 41.5 080 £.15 815 | 615 0.28 300 +12.0%
a0 41.5 97 3.55 5.98 599 0.27 2.58 120 %
1750 401 1.37 528 5.28 528 0.66 2158 +12.0 %
190H 0.0 1.40 5.08 5.08 5.06 0.75 2.04 120 %
2450 38.2 1.80 4.30 4.30 4.30 078 1.86 £12.0 %

¢ Frequency validity of £ 100 MHz only apgiies Tof DASY w4 and tigkser (Ses Page I), else it is resiicied 10 = B0 MHz. The uncedainty |5 the RSS
of th# CanyF uncerlaimy gl colipration frequenty snd e uncerainly for the indieated frequency band.

At [raguandiss balow 2 5Hz, 1he validity of Lissue paramalers {c ard o can be relaxed o + 0% if iguia compenzation formula is applied o
moaguied SAR valocs. Al frequencias abowe 3 GHz, the vatdity of Hssue parameelers (o and o) s restricicd 1o £ 5%, The uncedairy iz the FSS of
e ConwF wncedsinly for indicated larget tissue parameters.

Cartificata Mo ET3-1669 Janiz Fage Saf 11

Page 18 of 92



Annex E to Test report no.: 1-4254/12-18-02-A

ET30E- SN 1935 Januvary 18, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity ‘ Depth LUnect,

FIMHZ)® | Pesmittivity" {sim) " ConwF X | ConvFY | ConwFZ | Alpha | (mm} (k=2}
450 56.7 0.94 7.78 778 | 7.7.8 0.1 1.53 +i34 %
335 852 0ar 6.18 B8 6,18 0.27 292 +12.0%
a0o 5.0 1.05 8.10 B.10 .10 0.31 3.00 +12.0 %
1760 53.4 1.49 4.85 4,85 4.65 0.80 2.39 #12.0 %
1800 53.3 1.82 | 448 4.46 4.48 .80 243 +12.0 %
2450 52.7 1.95 368 3.88 3.6 0.58 1.07 +12.0 %

B Frequency validily af 2 100 MHz only appiies for DASY wi 4 aed Difher (586 Paga 29, elsg i1 is raslicied Lo = 50 Mz, Tha uneertainty is the R5S
of the CanvF unceranty al calibration frequency and 1he uncertainty for e indicated frequancy band.

" Atfrequenties below 3 GHz, ine vaidity of issue paramelars (£ and o} can ba relaxed 1o £ 10% i liguid compensalion formula is applied Lo
mMeasurnd SAR vilues . AL frequencies above 3 GHz, Lhe valkdiy of Lssue parameters fx ang o) is regingled 1o ¢ 38 The uncerainty is the BSS of
the ConvF wncertainly for indicated targel tissuo parameters

Catificata Mo: ET3-1553_ Jani? Page & of 11
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ET30WG— 5M:1556 January 18, 2012

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: RZ2)

Fraquency respense {normalized)

Uncertzinty of Frequency Respanse of E-fleld: £ 6.3% (k=2)

Certilicale No: ET3-1553_lan12 Fage 7 af 11
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Certificate Mo: ET3-1558_Jan12 Page 8 of 11
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ETE0VE— 5N 1559

January 18, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1559

Oiher Probe Parameters

Sensor Arrangement Triangular
Connector &ngla {%) MNot applicable
iechanical Surfage Detecticn Mode enahled
Optical Suface Detaction Mode enahled
Probe Overall Length 337 mm
Probe Body Diameter 10 emm |
_'T'i_p Length 13 mm
Tip Diameler .8 mm
Probe Tip 1o Sensor X Calibration Poinl 27 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
Probe Tip te Sensar Z Calitvation Feint 27 mm
Recommended Measuvrement Distance from Surface 4 mm

Cerificate Moz ET3-1564_Jan12 Pange 11 a7 14
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Appendix

Antenna Parameters with Head TSL

Impadance, transiarmed to feed paint A9.8 L -H.0j% ‘
Feturn Loss = 26.0dB8 |

Antenna Parameters with Body TSL

Impedance, ranstonned o fead point 4580 -6.4d j0 -|
Return Less -22.0dB '

General Antenna Parameters and Design

LFIP.mrICHI Mielay [one direcuan 1.407 ns

After long term usea with 100 radisted power, only a slicht warming of the dipole near the feadpaint cen oe measured.

I he dipole is made of standard semirigid coaxial cable. The center conductor of tha feeding line is directly connected to tha
2econd arm of the dipole. The antenna is therelore sho uicailed [ DG-sigials,
Mo excesslve foce must he applied 1o the o pole arms, bacause they might bend or the soldered cornections near the

feadpoint may bz damaged.

Additional EUT Data

Manufactured by SPEAG
Manufaciured on January 24, 2001
Certificate Mo, D200V2-102 Augli Pagedcla
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Measurement Conditions

DAEY syser configuration, as far as not given on page 1.
DASY Version DASYS VEZ5.2
Extrapolation Advancad Fxirapolafion
Phaniom Medular Met Phanom
Dietance Dipola Center - TSL 10 mm with Spaecer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following paramcters and colou af ons were applicd.
Temperature Permittivity Conductivity
Mominal Haad TSL paramatars 223 A0.0 1. 40 mho/m
Measured Head TSL parameters (220 10.2)°C 3T L6 T 1.37 mno/m £ B %
Head TSL temperature change during test =0.5"C s wmen
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditinn
SAR measured 250 mW input power 928 mW /g

SAH 107 nominal Head TSL daramet2 s

rormalized 1o 1W

37.5 MW fg = 17.0 % (K=2)

SAR averaged over 10 em’ (10 g) of Haad TSL

condition

SAH measured 250 mW inpul power 480 mw /g

SAR for aominal Hesd TS paramretas rormalizad 1o 1W 197 mW fg £ 16.5 % (k=2)
Body TSL parameters

The fcllowing paramatara and calculatiors wers spplisc.
Temperature Permittivity Conductivity

Mominal Body T3SL paramelers 2200 53.3 1.52 mhoim

neasured Body TSL parameters (22.0+0.2)°C 510 %6 % .30 mho'm £ & %

Body TSL temperature change during test <05°C
SAR result with Body TSL

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

SAH measured 250 mW input power GEEmMW /g

2AR for nominal Body T3L paramaters

normalized to 1W

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

SAR measured

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

conedilion

250 mW inpul power

506 MW /g

SAF for naminal Body TSL parameters

normalized 1o 1W

204 mW [ g = 16.5 % (k=2)

Cerificate Mo: D1800V2-267_Aucid

PagaJdol 8
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Appendix

Antenna Parameters with Head TSL
Impedancs. transformezd to feed port 49410 -54
Meturr Loas - 25.3dB

Antenna Parameters with Body TSL

Impedance. transformed o feed point 253 L - 4.0 L2

Ratum Loss 23.0dB

General Antenna Parameters and Design

Cloctrical D2 ay [one direulion) | |.205 NS

After long term use with TUMWY radiated pawar, only a slight warming of the dipole ncar the foeapeint zan be maasured

The: dipcle is made of standard semirgid coaxial cable. The center condustor of the feeding line is directiy connected tc he
second arm of tha dipele. Tho zntanna is thorefore short eireuied for DG signals.

Mo excessive force must be applied Lo e divole arms, because they might bend ar the soldered connestions near the
feadpnint may be damaged.

Additional EUT Data

Manulaciured by SPEAG
Manutzctured on Janusry 24, 2007
Certificalc Mo: C1800V2-287 Augli Paged4ofd
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7 Calibration report “1900 MHz System validation dipole”
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Measurement Conditions
DASY systemn configuration. az far as not given o1 page 1

DASY Verslon DASYS V52 H2
Extrapolation Advanced Extrapalation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution ry, dy. 7 =5 mm

1800 MHz = 1 MHz

Frequency

Head TSL parameters

The following parameters end calculations were apglical.

Temperature Permittivity Conductivity
Nominal Head TSL paramulers 22.0°C 40.0 |.40 mhodn
Measured Head TSL parameters 22.0+0.2)°C 95 +E% 142 mhoim £ 3 %
Head TSL femperature change during test <05°C - —-
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR messurad 250 mW input power 1ImW . g

SAR for nominal Haad TSL paramearars navmalizad fn 1W

40.0 mW fg £ 17.0 % (k=2)

SAR averaged over 10 em” (10 g of Head TSL condidan

SAR measured 250 mW input power

527 mW /g

mormalized to <W

SAR for nominal Head TSL parameters

20.9 mW fg = 16.5 % (k=2)

Body TSL parameters
The following parareters and calculations were asalied

Tocmperature Permittivity Conductivity
Nominal Body TSL paramatars 220°C 53.3 1.52 mho/m
Measured Body TSL parameters [££20x0.2) "C 53.8=6% 1.57 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 npul power 104 mW /g

SAR tornominal Body TEL sararetars

nermalized to 1W

40.9 mW f g = 17.0 % (k=2)

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

cancition

SAR measured

2E0 W inpart prvwer

AARmwW /g

SAR for norminal Bedy TEL paramaters

nommalized to 1W

21.5mW /g =16.5 % (k=2)

Cartifizara Na: D900Y2-54009_Aug11

Page3of 4
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8 Calibration report “2450 MHz System validation dipole”
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9

Calibration report “5GHz System validation dipole”

All calibrations have been conductad In the closed laboratory facility: environment temperature (22 = 3)°C and humidity < 70%.

Calibration Equipment used (MBTE crilical for calibration)

Primary Standards "1} Cal Date (Certificate No.) Scheduled Calibration
Power meter EPM-4424 GB37480704 05-Oct-11 (No, 217-01451) Cct-12

Power sensor HP B481A US3T292783 05-0ct-11 (No, 217-01451) Oct-12

Reterence 20 dB Attenuator SN: 5086 (20g) 29-Mar-11 (No. 217-01368) Apr12

Type-N mismalch combination SN: 5047.2 / 08327 29-Mar-11 (No. 217-01371) Apr-12

Relarence Probe EX30V4 SN: 3503 30-Dec-11 (No. EX3-3503 Dec11) Dec-12

DAE4 SN: 601 Dd-Jul-11 {Me. DAE4-601_Jull1) Jul-12

Secondary Standards 1D it Check Data (in houss) Scheduled Chack
Power sensor HF B4B1A MY41092317 18-0Oct-02 (in house check Ogt-11) In house check: Oct-13
RF genaerator RAS SMT-06 100005 04-Aug-99 (in house check Oct-11) In house check: Oct-13
Network Analyzer HP 8753E US37350585 S4206 18-0ct-01 (in house chack Oct-11) In house check: Oct-12
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Calibration Laboratory of
Schimid & Parther
Engineering AG

Zeughaugsirasse 43, 8004 Zurich, Switzerland

Schweizerizcher Kalibrlerdlenst
Service sulsse d'élalannage
Servizio Svizzart i taratura
Bwiss Calibration Service

Accradited by the Swics Accred batign Serice (SAS) Acereditation ho.: SCS 108
The Swlss Acereditalion Service is one of the signalaries ko the EA
MuMlilateral Agreement for the recagnidion of calibretion cenlificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM x.y,z2
NA 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 Techniguas”, December 2003

b}y |EG 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear {frequency range of 200 MHz to 3 GHz)",
February 2005

¢] Federal Communications Commission Office of Engineering & Technology (FCC OET),
"Evaluating Compliance with FCC Guideiines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additiona! Information for Evaluating Compliance of hMobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement C {Edition 41-01) to Bulletin 85

Additional Documentation:
o) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
+  Measurement Condiftions: Further details are available from the Validation Repori at the end
of the certificate. All figures stated in the certificate are valid at 1he frequency indicated.

«  Amtenna 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
parallal to the body axis.

» Feed Point Impedance and Returr Loss: These parameters are measured with the dipole
pesitioned under the liguid filled phantom. The impedance stated is transtormed [rom the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. N uncertainty required,

= Eleclrical Defay: One-way delay between the SMA connector and the antenna feed point,
No uncertginty required.

»  S5AR 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 rasult,

Certificale No: DSGHzV2-1056_Tan12 Paga 2 of 8

Page 69 of 92



Annex E to Test report no.: 1-4254/12-18-02-A

Measurement Conditions

DASY syslam configuration, as far as not given on page 1.

DASY Version DASYS vaz2.8.0
Extrapolation Advanced Extrapolation

Phantom Madular Flsi Fhantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Aesolution

dx, dy =40 enim, dz = 1.4 mm

Graded Ratio = 1.4 {Z direction]

Frequency

520 WHz = 1 MHz
5500 MHz & 1 MHz
5800 MHz » 1 MHz

Body T5L parameters at 5200 MHz

The lollawing parameters and calculations were applied.

Temperature Permittivity Conductivity
Hominal Body TSL parameters 22.0°C 48.0 530 mho/m
Measured Body TSL parameters (220020 492 £ G % 5.46 mhofm + & %
Body TSL ternperature change during test 05"
SAR result with Body TSL at 5200 MHz
SAR averaged ovar 1 em? (1 g) of Body TSL Condition
SAR measured 100 My inpul power T3mWig

SAR for nominal Body TSL parameters

rarmalized lo 1W

TIAMW g 18,1 % (k=2}

SAR averaged over 10 cm® {10 ) of Body TSL

condition

3AR measurad

100 MW input power

2.06mY¥ fg

SAR lor nominal Bedy TSL paramaters

nomalized to TW

20.7 MW 7 g = 17.6 % (k=2)

Body TSL parameters at 5500 MHz

The lollgwing paramelers and caloulations were applied.

Temperatura Farmitivity Conductivity
Mominal Body TSL parameters 220%C 48.6 .65 mhovim
Weasured Body TSL paramaters {220 =0.2]"C 48,7 =6 % 5868 mhofm £ €%
Body TSL temperature change during test <052
SAR result with Body TSL at 5500 MHz
SAR averaged aver 1 ¢m” {1 g) of Body TSL Conditian
SAR measured 100 mw input power 7.83imW /g

SAR for nominal Body TEL parametars

norrmalized to TW

FRA MW Mg+ 18.1 % {k=2)

SAR averaged aver 10 em” {i0 g) of Body TSL

condition

S5AH measured

100 mf input power

27T mW g

SAR for nominal Body TSL parameters

narmalized o 14

N7 mW g% 17.6 % (k=2}

Cerilicale Mo: DEGH2Y2-1055_Jan12
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Bady TSL parameters at 5800 MHz

The lollewing parameters and caloulations were applied.

Temperature Permittivity Conductivity
Mominal Body TSL parameters 22.0°C 482 £.00 mho/m
Measured Body TSL parameters {22 0+£02)%°C 4826 % 6.28 mhofm £ 6 %
Body TSL temperature change during test LA
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 em® (1 g) of Body TSL Gondifion
SAR measurad 100 miy input power 739 /g

SAR for nominal Body TSL paramaters

nommalized to 1W

74.0 MW /g = 18,1 % (k=2)

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

cendition

SR measured

100 W input power

2.04 mW /g

SAR for nominal Body TSL paramaters

normalized to 1W

204 mW fg x17.6 % (k=2)

LCaniifcala No: D5GHzY2-1055. Jan12
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Appendix
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to leed paint b238-73iI
Retunn Loss - 22 5 dB

Antenna Parameters with Body TSL at 5500 MHz

Impadance, transiomed to feed paint 9430360
Retum Lass - 254 dB

Antenna Parameters with Body TSL at 5800 MHz

Impedarnce, transfonned to feed point 58040 - 180
Retumn Loss -224 0B

General Antenna Parameters and Cesign

Electrical Delay (one divection) l 1.203 ns

After long lerm use with 10OW radiated power, only a slight warming of tha dipole near the feedpoint can be measured.

The dipale is made of standard semirigid coaxial cable. The cenler sanductor of the feeding ling is directly connected to e
secand arm of the dipale. The anlenna is therefore shor-circuited tor DC-slgnals. On some of the dipsles, small end caps
are addad e the dipole arms in order to improve rmatching when loaded aceerding to the position as explained in the
“Measurement Conditions” paragraph. The SAR gata are nal affected by this change, The overall dipale length is still
accarding o the Standang,

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

Additional EUT Data

Manufactured by SPEAG
Manufacicred on June B8, 2006
Cerliicale No: DSGHzY2-1055_Jan12 Page ool B
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DASYS5 Validation Report for Bedy TSL
Dage: 16.01.2012

Test Laboratery: SPEAG, Zurich, Switzerland
DUT: Bipole SGHy; Type: D3GH2VZ; Serial: DSGHzV2 - SN: 1055

Communication System: CW, Frequency: 5200 MHz, Frequency: 5500 MHz, Frequeney: 5800 MHz
Medium parameters used: f = 5200 MHz; o = 546 mho/m; g, = 49.2; p = 1000 I~cga’m3 . Medium parameters
used: f = 5500 MHz; ¢ = 586 mho/m; & = 48.7; p = 1000 kg/m" , Medium parameters used: [ = 5800 MHz;
o = 6,28 mho/m; & = 48.2. p = 1000 kg/m®

Phantom section: Flat Secrion

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

BASY 32 Configuration:

= Prehe: EX3DV4 - SN3503; ConvF(4.91, .91, 4.91), ConvF{4.43, 4,43, 4.43), Conv4.38, 4,38,
4.38); Calibrated: 30.12.201]

+  Sonsor-Surface: Ldmm {Mechanical Surface Detection)

«  Electronics: DAE4 Sn6l1; Calibrated: 04 07,2011

= Phantom: Flat Phantom 5.0 (backy; Type: QDUOBSOAA; Serial: 1002
»  DASYS2 3280692 SEMCAD X 14.6.4(4989)

Dipaole Calibration for Body Tissue/Pin=100mW, dist=10mm, {=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube : Measurcment grid: dx=dmm, dy=drvm, dz=1.4mm

Reference Value = 57 661 V/m, Power Drift = 0.0066 dB

Peak SAR (extrapolated) = 28,5640

SAR(] £) = 7.33 mW/g; SAR(10 g) = 2.06 W/

Maximum velue of SAR {measured) = 16.903 mW/g

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=I1.4mm (8x8x7)/Cube §: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Walue = 57,908 Vi, Power Dift = -0.03 dB

Peak SAR (extrapolated) = 335050

SAR( g) = 7.83 mW/g; SAR(10 ) =2.17 mWw/g

Maximum value of SAR (measured) = 18,661 mWie

Dipole Calibration for Bedy Tissue/Pin=100mW, dist=10mm, {=5800 MHz/Zoom Scan,
dist=1.4mm ($x8x7)/Cube 0: Measuremen grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 34,743 Vi, Power Diift = 0.0061 dB

Peak SAR {cxtrapolated) = 34.4690

SAR(1 g} = 7.39 mW/g; SAR(10 ) = 2.04 mW/a

Maximum value of SAR {measured) = 18,154 mW/ig

Cerlilicate No: DSGH:V2-1055_Jan12 Page 6 af 8
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10 Calibration report “5GHz System validation dipole”
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Head TSL parameters at 5800 MH=

The following parameters ad calculations werz applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameaters 220°C 35.2 5.27 mhovm
Measured Head TSL parameters (220202)°C MBxB% 5.03 mho'rm = 6 %
Head TSL temperature change during test <057C =l
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Caondition
SAR measured 100 mW input power TETmW /fg

SAR for nominal Head 15L paramstars

romalized to TW

TEAmWIg=217.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Head TSL

sondition

3AR measured

SAR for nominal Head TSL paramrctars

100 mW inpul power

rormalized to 1W

21dmW /g
21.3 mW/ g=16.5% (k=2)

Cerfificate No: [¥GHz2-1025_Aug™1

Page d of B
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedarce, transfarmed to feed point S1.041-B9j

Helurn Loss -21.7 dB

Antenna Parameters with Head TSL at 5500 MHz

Impadance, transformed tc leed poinl R l-49[0
Return Loss -2E.5dB

Antenna Parameters with Head TSL at 5800 MHz

Impedanice, transtormed to feed point Mea-180
Return Loss -26.0dB

General Antenna Parameters and Design

Electrica Delay {one direction| ] 1.203 ns

Al luny ermn use with  00W radiated powsr, only a slight werming of the dipole near he feedpoint can be measured.

The dipole is made of stancard semirgid coaxial cable. The cenler conductar of tha ferding lins is directly nonnactad to the
secend arm of e dipole. The antenna is theratora short-circuited fo- DC-signals.

Mo excessive force must be appliad to the dipole arms, because they might bend or the saldered conrections nzar the
Terdpaint mey be damaged

Additianal EUT Data

Manufactured by SPEAG
Manufaciured on Juna 09, 2006
Cartificate No! Na5Hz-1055_Augil FPageSofg
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DASYS Validation Report for Head TSL
Trare: 22.08.201 1
Test Laboraory: SPEAG, Zurich, Swilzerland

DUT: Dipole 5GHz; Type: DSGHz: Serial: DSGHzV2 - SN: 1055

Communication Sysrem: CW: Frequency: 3200 MUz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medhum parameaters used: T= 3200 MHz; ¢ = 4.49 mho/m; er— 35.7: p = 1000 kg/m3

Medium parameters used: [= 3300 MHy; o = 4.79 mho/m; er= 35.3: p = 1000 kg/m3

Medium parameters used: 7= 3800 MHz; 6 = 5.09 mho/m: &r=34.8: p = 1000 kg/m3

Phuntom section: Flat Section

Measurcmenl Standard: DASYS (IEEEAECYANSE U635, [Y-20U /)

DASYS2 Configuration:

s Probe:; EX3DV4 - SN3503: ConvFis41, 5.41, 541, ConvF4.91, 4.91, 4,91}, ConvP(4.81, 4.81,
4. 81 Calibraed: 04.02.2011

o Sensor-Surlace: 1.4mm (Mechanica! Surface Delecton)
o [lectronics: DAL Snfl)1; Calibrated: 04.07.2011
¢ Phantom: Flat Phantom 5.0 (fronti: Type: QDIHOP30AA; Senal: 1001

o DDASRYS2 52.6.2(4R2): SEMCAD X [1.4.5(36343

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MH«Zoom Scan,
dist=1.4mm (8§x8x7)/Cube : Measurement grid: dx=4mm, dy=4mm, dz=| dmm

Relorenve Value = 61.923 Vin; Power Deill = {04 dB

Peak SAR (excrapolated) = 28.712 Wika

SAR( ) =775 mW/e: SAR(10 ) =221 mW/ig

Maximum value of SAR (measured) = 13.273 mW/yg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5500 MHz/Zeom Scan,
dist=1.dmm {8x8x7 ¥ Cube 0: Mcasurement grid: dx—4mm, dy=3mm. dz=14mm

Reference Value = 61.604 Vim; Power Dnil = 0.06 dB

Peak SAR (extrapolated) = 32,491 Wikg

SAR( p) = 8.14 mW/g; SAR(10 g) = 2.31 mWig

Maximum value of SAR (measured) = 19.687 mW/g

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)YCube 0: Meazurement grid: de—dmm, dy=2dmm, dz=1.4mm

Reference Value = 58 418 V/m: Power Drift = 0.07 dB

Peak SAR (exmapolated) = 31.921 Wikg

SAR(L g) = 7.57 mW/g: SAR(10 g) = 2.14 mW/g

Maximum value of SAR (measured) = 13816 mW/g

Cartificate No: D6GHz-71055_Augil Pape6of B
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11 Calibration certificate of Data Acquisition Unit (DAE)

Cafibration Laboratory of
Schmid & Parntner
Engingering AG

Zoughausstrasse 43, 804 Zurich, Switzerlangd

5 Schwelrerischer Kallbricrdienst
Servige suisse d'dalonnege
Setvlzla svizzaro di taratura

S Swiss Calibration Service

Agroredited by the Swiss Accreditaton Saiviea {SA%) Agcreditalion Ne.; SCS 108
The Swiss Accreditalion Servipe iz one of the signateries (o the EA
Multilatersl Agreement for the recoghition of calibialion certilicetea

Client Cetecom Certilicate No: DAE3-412_.Jan12

CALIBRATION CERTIFICATE

Olzect DAE3 - 8D 000 DO3 AA - SN: 413

Calibration procedurets) QA CAL-06.v2d
Calibration procedure for the data acquisition slectranics ({DAE)

Calibration date: Janua]’y 12, 2012

This calibralren cerificale dogumens the waceability 1o nationsl standaeds, which reallze the ghysical units of nicasurements (S1).
Tha measuremants and the LnooMainties with confitence proabilily are givea on the tallowing pages atd ane par ot 1he genificate.

All calibsatigng have beon conducted in he clased laborabeny factiy: environment temperature (22 4+ 3)*C and humidiy < 70%.

Cahbration Bquigmant used iMETE critical for calibration}

Primarny Standards 1Du Cal Date {Certilicate Na.) Seheguled Calitiraticn
KeitHey Multimeler Type 2001 S OB1327E PB-Sep-11 (Moo 1450} Sep-12
Secondany Standards i) Check Data {in kogse) Sehaduled Check
Calibrator Box ¥2.1 SE UWE Q53 AA 1901 05-Jan-12 {in houso chack) Im hauso eheck: Jan-13
Marme Funglign Signalure

Calibeated by D ininue Staffen Tachnician '.&
Appraved by Fin Bomhlt R&D Director . —\SQ

b QLLLLW

Issucd: January 13, 2012

_This calibiation cedilicate shall i be reproguced except in ull without written appoval of the laboratery.

Codilicate No: CAEA-413_Jani2 Fage 1ol S
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12 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineeiing AG
Zeughausstrasee 43, 3604 Zyrich, Switzerdana

Sohemtizerischer Kalibrierdienst
Servlce zuizse delalgnnage
Servizio gvizrerc i taratora
Swiss Calibratlon Service

Accredited by the Swiss Accrodnation Service (SAS) Accredilation Mo.: 3CE 108
The Swiss Accredilalion Service is one of the slgnaiaries to fie EA
Mullifaleral Agréemant tor the reccgnilion o calibration cerfilicates

Gllent Cetecom Certlticate No: DAE3-477_ Maylz

|CALIBRATION CERTIFICATE

et DAE3 - S0 000 D03 AA - SN: 477

Calibration procedure|s) A CAL-06.v24
Calibration procadure for the data acquisition electronics (DAE)

Caharalen date: May 0%, 2012

Th's calibraion cenificate thacunions 1M Iriceal ity ko naticnal standards, waen real2e e physecal unis of measdramans [S1.
The measL reMents ard NG urarmintios wilt condance probahility arg grren on te Milowing pages zng ae pan of tha conificate.

Al calibrahons have been condusted in the closed laboratiny |8ty ened anm ent fe mpe-ature (22 = %" and buridily = 70%.

Lalibratian Equipmenl irsce (MATE critical for calibration)

Frimary Standards | 0D Cal Date [Comibicats Mo Schedut=d Calipralign
E.ithley Mutlimater Typa 2001 JSN: OH1027E 2B-Sep-11 (Mo 11450} Sep-12
Secomlany Soodags [ 10w Chesk Data fin house) Seheduled Check
Cahbratar Bax V2,1 SE UWE 053 A E001 0503012 fin house: eheck) In hause ehack: 1an-* 3
Mrame Funcran Fignatuns
Cahbraled by: Exgmialgus Stetfen Techniglan ﬁ\_‘
Aparoved by Firt Bomholt RR&L Diracier :
A e
Igsued: May 14, 2012
| Th's caligralon camicaie shall not be eeproduced excepd it full without wiiten zpproval of the laboretany,

Ceriicala Mo: DAEI-477_May12 Page 1¢f5
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13 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

Itam SAM Twin Phantom V4.0

Typa No Q0 000 P40 BA

Seres No TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation {o test of first articles.

Complete tests were made an the pre-series Type No. QD 000 P43 AA, Serial Ne. TP-1001 and on the
serias first article Type No. QD 000 P40 BA, Seral No. TR-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Raguireément Details Linits tested

Shape Compliance wilh the geometry IT'IS CAD Five () First article,
gccording ta Lhe CAD modal. Samples

Material thickness | Complkant with the reguirsments 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity < 5 | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested {0 be Liquid type HSL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
tha slandards the standard.

Standards

[1] CENELEC EN 50381

[2] |EEE P1528-200x draft 6.5

(3) |EC PT 62209 draft 0.9

[ The IT1S CAD file is derived from [2] and is alsa wilhin the tolerance requirements of the shapes of
[1] and [3].

Contormity

Based on the sample tesls above, we cerlify that this item is in compliance with Lhe uncertainty
requirements of SAR measurements specified in standard 1] and draft standards [2] and [3).

Date 18.11.2001

b v e PR
N s/fé«.‘.’/’ég Schmid & Partner % ;/,fﬂ:{/ft’/#
ignature { Stamp Engineearing AG

Zeughavnstrsise 43, =H-Boed4 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 281 QD 400 PADBA - B Page 143
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14 Application Note System Performance Check

14.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

14.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment“-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

« The ,reference” and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

« The ,surface check" measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within + 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance" should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

* The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

« The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

14.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

« Dipole Axis to Liquid Distance

« Input power and SAR drift measurement

« Liquid permittivity - measurement uncertainty
« Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g |10g |Uncertainty |Uncertainty |or
1g 10g Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% ©
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [+1.9% +1.9% 0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 [+0.0% +3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 + 0.6% + 0.6% 0
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 + 0.6% + 0.6% 0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time +0.0% Rectangular [V3 |1 1 +0.0% +0.0% 0
Integration time +0.0% Rectangular [V3 |1 1 +0.0% +0.0% 0
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% 0
Probe positioner +0.4% Rectangular [V3 |1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 + 0.6% + 0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% %
Liguid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 1043 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% %0
Liquid permittivity (meas.) |+ 2.5% Normal 1 06 (049 |+1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g |10g |Uncertainty |Uncertainty |or
1g 10g Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [0 0 0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 0
Boundary effects +1.0% Rectangular [V3 |1 1 0 0 0
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 0
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics +1.0% Normal 1 1 1 0 0 ©
Response time +0.0% Rectangular [V3 |1 1 0 0 0
Integration time +0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions +3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner +0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 o0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% o0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% %0
Liguid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 1043 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% %0
Liquid permittivity (meas.) |+ 2.5% Normal 1 06 (049 |[+1.5% +1.2% o0
Combined Uncertainty +5.3% +4.9%
Expanded Std. *+ 10.6% +9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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14.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB v
Signal Low . cable
Generator Pass :Atﬂ 1 } ®

3
® ———() ©

&) —==
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

e The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

* The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

« The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

e The directional coupler (recommended 3 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

e The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

e The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

e The power meter PM1 and attenuator Attl must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.
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« Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

« The dipole must be connected directly to the cable at location “X". If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and
calibrate the attenuator with the coupler.

« Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

14.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

14.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

e The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

o If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

* The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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