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Annex E to Test report no.: 1-4254/12-73-02-B

2 Calibration report “Probe ET3DV6”

' s
Calibn:atmn Laboratory of 5\‘""\\\___{[/‘_“3 § Schweizenscher Ralibrerdienst
Schmid & Partner %" e Ea-—é;—_ C Service suisse d'étolonnage
Engineering AG ST s Servizio svizzero di taratura
Zoughausetrasso 43, 8004 Zurich, Switzerand ":;;":.;;:\\-:t;s Swias Calibration Service
et
Arcreditad by fhe Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

Ihe Swiss Accredilation Service IS one of the SIGNALONes 10 the A
Multilateral Agraomeant for tha recegnition of calibration cartificator

client | Getecom Cortificate No: ET3-1558_Aug12

|CALIBRATION CERTIFICATE |

Object ET3DV6 - SN:1598

Calibwaton procedu e(s) QA CA.L5-01.VB, QA CAL-1247, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

alibeation dabe: August 24, 2012

Thie calibration certficate documents the traceability te aaticnal etandards, which realizo the phyeical unite of measuremeants (51}
The measurements and the uncertainties with confidence probability are given on the following pages and are par of the cedincate.

! All ealibratons have bean conducted n the closad iaboratory facility: anvironment femparaturs (23 = 35°C and humididy < 70%.

Cabbration Couipment used (M&TE critical for callbration)

Hpmary Slandams L] L Date (Ueriticabe Na.} Schedued Calbrabion
Peweer mater E441008 CH41203874 20-Mar-12 (Ma. 21741508} Apr-13
Power sensor E44128 | MY41498087 29-Mar-12 (No. 217-01508) Apr-13
Ruofuomce 3 db Allwiwaio S 58054 (3c) 2T-Mar-12 (No. Z1701531) Apr-13
Reference 20 df. Aftenuator | SN S5096 (20h) 27-Mar.12 {Na_ 217-01528) Ape-13 i
Roloronce 30 o8 Allenualor | SN: 55124 (30b) 7-Mar-12 [No. 217-01532) Ape-13
| Referonoe Probo ES30DV2 | BMN: 3013 20-Doc 11 (Mo, EE3-3013_Deci 1) Dee 12 —
| DAE4 | SN: 860 20-Jun-12 (Mo DAE4-860_Jun12) Jun-13
iec_onda.r}r Standards | ID Chack Dala {in houss) Sehedulod Choek
R generalor HE BE4BC | us3EazUD1700 4-Aug-89 {in house check Apr-11) _In house check: Aps-13
| Metwork Analyzer HR 8753E | UE37300585 | 18-01-01 {in hause chack Oc-11) I hesuse sheck: Oet-12
[ Harna Function Signeture
Calibrates by \Jeton Kasiral Labaratory Techniian

Approved by afu Pohorvic Techrical Managat W |

|ssued: August 25, 2012
This calibration contificata shall not be reprodeced excapt in full withnot welten approvsl of the lRboratory.

Cartificate No: CT3-1556_Aug12 Page 1 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
w

Calibration Laboratory of &{.\-:.;:I;J;,,}” Schweizerischer Kallbriordionst
- a5 R
Schmid & Partner % Service suisse d'étalennage
Engineering AG i Servizio svizzero di taratura
Zevghaussirasse 43, 8004 Zurich, Swilzer and "'/,Hf?:\‘\w\? Swiss Callbration Service
4| nlr”
Accrediled by the Swiss Accreditation Service (SAS) Accreditation ho.: SE5 108

The Swiss Aceridilation Service i3 one of tha signatorles to Ihe EA
Maltilateral Agreement for the recognition of calibralion eodilicates

Glossary:

T3L tissue simulaling liguid

NORMY,y,Z sensitivity in fre space

ConvF sanzitivity in TSL ¢/ NORMx v,z

[mia diode compression point

CF crest [actor (1iduly_cyele) of the BF signal

ABC modulation dependant lineanzation parameters

Patarizatian 13 retation arcund probe axis

Pofarization & & rotation arcund an axs Ikat is in the plane nermat o probe axis (3t measurament cenlerd,

i, B =0is normal to probe axis

Calibration is Performed According to the Following Standards:

a}

b)

|EEE Std 1528-2003, "|EEE Recommended Practice for Getermining the Feak Spatial-Averaged Specific
Absorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measuremnaent
Technigues”, December 2003

|IEC 62208-1, "Frocedure to measure Ihe Specific Absorplion Rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz te 3 GHz)", February 2008

Methods Applied and Interprefation of Parameters:

L

NORMx,y.z: Assessed for E-field polarization 8 = 0 {f <900 MHz in TEM-call; £ = 1800 MHz: R22 waveguide).
MNGRMx,y.z are anby intermediate values, Le., the uncertainties of NORMx,y .z does not aHect the Efield
wrcertainty inside TSL (see below ConvF),

NORMfIX v 2 = NORMx, 1.2 * frequency. response (see Frequency Response Chart). This lineanizatian is
implernented in DASY4 software versions fater than 4.2, The uncerainty of the frequency response is inchuded
in the stated uncertainty of ConwF.

BCFxy.2: DCP are numerical lingarization parametars assessed based on the data of powsr sweep with CW
signal (mo uncertainly reguirad), DCP does not depend oh freguency nor media,

FPAR: PAR is the Peak to Average Ralio What is not calibraled but determined based on the signal
characienshcs

Ax.wz Bryz Cryz, ViRxyz A, B C are numencal lineanization parameters assessed based on lhe data of
power sweep for specilic modulation signal. The parameters do not depend an frequency nor media. V¥R is the
maximurn salibrabion range exprassed in RM3 voltage aoross the giode,

ComvF and Boundary Effect Farameaters: Assessed in flal phantom using E-field (or Temperature Transfer
Standard for f < BOO MHz} and inside wavaguide vsing analytical Tistd distributions based an power
meastrements for f = 800 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 parametaers are
used in DASY4 software to improve probe accuracy close o the boundary. The sensilivity in T3l corespands
to MORMx, .z * Comd whereby the uncerizinty corresponds to thal given for ConrvF, A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity fram £ 50 MHz to = 700
Hz.

Spharicat isafropy (3D daviation from isofropyk in a field of low gragients reaiized using a fiat phantom
exposed by a patch antenna.

Sansar Offset The sensor oflset corresponds to the offset of virtual meassurament cenler fram Ihe probe G
[on probe axis) No tolerance required.

Cortificate Mo ET3-1538_Ang12 Page 2 of 12
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ET3DVE - SN: 1558 August 24, 2012

Probe ET3DVG6

SN:1558

Manufactured:  September 18, 2003
Calibrated: August 24, 2012

Calibrated for DASY/EASY Systems

(Note: nom-compatibie with DASY2 syslemn!)

Certificate to: ET3-1558_Aug12 Page 3of 12
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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
s

ETIDVE— SN 1558

August 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Bagic Calibration Parameters

Sensor i Jensar ¥ Sansor 2 Une (k=2}
Norrm cu\-ffg\.ﬂmfj“ 204 187 1.69 101 %
BCF my¥) 976 491 956 i
Modulation Calibration Parameters
uiD Communication System Mame FAR A B C VR Unc®
a8 48 4B my (k=2}
0 LYY a.an X £.00 0.00 1.00 1358 3.3 %
Y .00 0.0 1.00 135.8
Zz o0 Q.00 1.00 181.3
10011 UMTS-FOD (WOOMA) 2.8 X 3,72 65,3 165 123.6 #3.5 %
v 310 856 18.0 115.8
N z | am 66.5 164 | 1477
10012 IEEE 802.11b Wik 2.4 GHz [OS55, £ 187 x 2.76 670 151 126.3 HF %
: Mbps)
¥ 2,60 656.5 17 .9 1167
! £ | 238 64.1 165 | 1086
[P GEM-FOD [TOMA, GMSK) P 940 X 20.54 999 237 128.7 1.9 %
¥ 16.24 983 285 137
i Z 1B.20 99.4 25.9 105.6
10022 | GPRS-FOD (TOMA, GMSK, TH 3 987 kS 18.87 94.7 288 116.5 25 %
; ¥ 17.84 98.3 284 141.8
rerms ree e Z 19.28 99.4 28.9 143.2 -
fodad GPRE-FDOD {TOMA, GMSK, TH &-1} 656 X 30.39 100.0 258 106.0 $2.2 %
. Y 217 EER) 234 1331
z 2680 Pl 264 12533
10027 GPRS-FOD {TOMA, GMSK, TN T-1-2) 480 | x | 33.74 995 243 1251 | 22 %
) ¥ 30,73 994 243 043
Z 30.29 8.2 245 1457
10028 GPRS-FOD {TOMA, GMSK, TN 0-1-2-3} ; 3.55 * 40 58 a4 230 135.7 2.0%
| ¥ | 3374 995 231 1140
I Z | 3150 99.5 216 LAREY
101448 LTE-FO0 {(SC-FOMA, 50% RB, 20 MHz, ' 583 x® B8.70 984 208 1354 217 %
OFSK)
¥ 527 667 195 1193
Z 5.35 G6.8 19.7 14,7
10149 LTE-FDD {2C-FOWA, 50% FB, 20 MHz, | 642 x Ta7 £4.0 213 145.6 +1.8%
16-CRAM)
W 7.8 67.1 200 127.2
z .53 &67.5 203 1214 -
10154 LTE-FDD (SC-FOM&, 50% RE, 10 MHz, | 576 x B.51 &67.B 20.5 1385 | 4%
OPSK) |
¥ | 54 6.1 93 | 178
z 5.98 ab.2 194 1120
10155 I LTE-FDC (SC-FERLA, S0% BB, 10 MHz. | 543 ® 7.3 &B.5 2.7 142.5 +.9%
L I6-C1AMY
¥ 652 8E.B 15,9 124.6
z 707 | 672 0.2 118.3
Cerificate No: ET3-1558_Augt2 Paye 4 of 12

Page 6 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
W—-.

ETI0VE— 51558 August 24, 20712
10166 LTE-FOG (SC-FDMA, 50% RE, 1.4 MHz, 545 | x 534 66.5 19.7 1238 | AT |
QPSK} :
v | am? 853 188 1098 '
i - F 538 671 20.0 144.2
16187 LTE-FOD [SC-FOMA, 50% RE, 14 MHz, | 6.21 - x 634 £B.0 204 1278 | £19%
18-DAM} ; :
| | ¥ | 5ER B6.3 196 112.1
i | [F3 G.47 B8.9 209 148.1
{Gi69 | LVE-FOD (SCFOMA. 1RB, 20MHz. (573 x| 425 7.1 203 1180 | #1.2%
QPSK) e e e o L
R - _Y | 530 | 675 203 | 1474
.z 529 s7.0 20.1 137.6
0170 LTE-FC0 (SG-FOMA, T RB, 2 MHz, 652 X 516 & 4 213 202 | #1.7 %
16-2AM}
i Y | 578 g7.0 | 203 | 1098
i 2| 62 BR6 213 139.5
10175 LTE-FC:0 (SC-FOMA, t RB, 10 MHz, 572 | x | 520 654 201 1128 | 4%
arak) -
¥ | 498 £5.8 194 | 1087
z 5.31 B7.1 2003 1@as [
10176 LTE-FDD [SC-FOMA, 1 RE, 10 MHz. 652 | # £16 £8.4 .3 1208 | =1gn
T6-2AM}
N 578 670 20,3 104.0 .
7 | 623 G666 1.3 EEX R .
10187 LTE-FRD (SC-FOMA, TRE, 1.4 MHz, 574 % 5.25 ] 0.2 133 0 2%
QPsK) i
¥ | 4B 5§5.3 19.0 108.6 |
Fa 528 67.0 204 1381
10188 LTE-FOD {SC-FOMA, T RE. 1.4 MHz, 5350 | x | &1g £6.5 714 1211 | 218 %
16-CAM)
¥ 572 56.8 20.i 108.5
z B.26 £68.68 215 140.5

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

* The uncertaintias of Kem ¥ 2 do nal affect the EVhetd ungedainty nmde TSL isee Pages S and 8]

# Numerical neanziinn param etor: UGNy Mok eoguired

* Ungenainly is gelermined usiag e mas, devialon fom bnear sespanse appiying reelangular distribubon and 1s expeessed for fhe square of fhe
T value.

Cenificate No: ET3-1558_Aug12 Page 5af 12

Page 7 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
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ETIDWE— 3M:1555 Sugust 24, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Calibration Parameter Determined in Head Tissue Simulating Media

Felative Conductivity | i Depth Uncl,

F{MH2)}" i Permittivity " gm)© !; ConvF X 1| GonvEY | ComwEZ | Alpha | (mm) {k=2)
750 419 0.88 6.40 5.40 G40 .33 2.57 + 120 %
835 4.5 0.80 614 514 6.14 0.58 1.88 +120%
a9 41.5 0.97 598 5938 .58 0.44 2.21 $120%
| 1450 | aps 1.20 5.7 557 527 056 | 263 | +120%
1750 40.1 137 4.7 4.497 49 0.78 2.22 £12.0 %
1800 40.0 1.40 505 5.05 505 0.0 204 +12.0 %
2450 9.2 1.80 4,15 4.15 4.15 Q.80 176 , #1240%

" Froquency validity of + 100 MHz cnly applies for BASY va 4 and hgher (Sea Page 21 @St it s rasiicted to 2 50 MHz. The unceranly is fne RSS
o! fhe ConvF uncortainty a calibration freguency and the whcersinty 2or the indicaled feequensy bang.

" py [requengies betow 3 GHE, the validity of Lsue parometess (r ang =) can be relaved to 2 10% if liguid compensation fammula is apphad to
meggured SAR valoes. AL frequenties abive 3 GH2, the validily of hssua parameters {e and o} 1s reslrched 1o & 5%, The wcerainty is the RES5 of
IR COmE unsertainty for NGIcated 1arges hssue paramelers

Cenificate Mo: ET3.1558_Aug12 Pago & of 12
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
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ET30WG— SM;1556 AugUst 24 20132

DASY/EASY - Parameters of Probe: ET3DVG - SN:1558

Calibration Parameter Determined in Bedy Tissue Simulating Media

Relative Conductivity ! Dapth Unct.

| A" | Permittivity” | (Simy” " | GonwFX | ConvPY | ConvFZ | Alpha ! (mm) | _ {(x=2)
750 555 0.95 .11 £.11 .11 050 | 197 £12.0%
836 56.2 0.97 6.00 6.00 600 | D42 225 | £120%
960 55.0 1.05 592 5.42 5.92 0.36 262 | £120%
1450 54.0 1.30 5.19 5.19 E.18 0.59 229 | £120%
1750 534 1.49 439 429 4.a9 0.50 244 | £120%
1800 53.3 152 4.20 430 420 0.80 232 | £120%
2450 527 1.85 4.06 408 4.06 0.80 0B3 ] +12D%

s Frequeazy walidily of £ 100 MHz crly apphes for ASY v3.4 and higher (see Page ), else il iz resiricted 1o & 50 MHz. Tho ueteriaanly is he RES
ot the ConvF uncemainty at calibration feequency and the cncertanly tor the indicatad frequency band.

" A1 frequencies below 3 GHz, 1he validity of tissue pacametecs (= and o can be relexed 10+ 10% il liquid compensains 1ol g appliied 1o
measured AR values. At frequencies abowe 3 GHz, Lhe validity of 11ssua parameters £ and ) is resiricted o+ 3%, The uncodainty is the R3S af
Ihe CorF uncedzinly for indicated target lissue paramelers.

Cerificate Mg: ET3-1558_Aug12 FPage Fof 12
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
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ETA0WG— Sh:1558 Auygust 24, 2012

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

Frequancy responsa (normalized)

Uncertainty of Frequancy Response of E-field: & 6.2% (k=2)

Certificate MNo: ET3-1558_Augi2 Pane 8 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B CETEQOM

ET3DVE SM:i668 Auguet 24, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz TEM f=1800 MHz R22
w W
05 L 135
18z . n 180, v Mo "
Ll og " an i % o 04 Boioe
i | o
i " =5 313
if - T
@ o (] 0 & s
Ter E3 Y F4 Tl . ¥ -
B e R e T e s e B e LS
1 ; : , -
E‘ I N o = =0 SRR R L S e R e o I B S ) T
5 : | -
nE oagid
Y vy R M 1 S Al ; (I ' S
S ho = 1 51 100 4
Rull [] .
w | = [
|f‘m.L|Z [ 4z 12300 b= 2600 EHz

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

Certificate No: ET3 1668_Augl2 Poge 8 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
s

ET3OWE- SM.1553

Dynamic Range f(SARyaq)
(TEM cell , f = 300 MHz)

0

Augusl 24, 2012

R
i i
177}
|
a
=
-|°L__. .
10+
; w 1 i = k) --I e | W e
10 40 a0 1o Ao 102
- SAR Imitemnd]
| )
not compensated cornpensaterd
2
1a
o .
=2
= -
g
= -
= e
PO AR SRR UM HE sl
102 162 1 109 i 168
S8R [m\Wicm3) L
) L»]
ned eampengzated COmpengated
Uncertainty of Linearity Assassmeant: * 0.6% (k=2)
Conificate Mo: ET3-1558_Aug12 Page 10 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B CEEQM

ET3DVE- SN. 1558 August 24, 2012

Conversion Factor Assessment

=500 MHz WGELS RS (H_conv) I'= 1750 MHZ WGLS R22 (H_convF)
¥ =0
ag
3 5.1: 3
iz-
. !
§. 25 ;
Z £
F 20+ E’ =
& I
i |
1o
=
Y- S SO S VR . = el G i sk JOG D]
o 1 0 ,35 43 W Ga o 3 o ] Pl : 5 = ] au
. s Lk LY i L8]
aiahical b anavios e el
Deviation from Isotropy in Liquid
Error (4, 9), f = 900 MHz
[ =4 ._
=
i
=
.
10 -0% 06 -04 -02 00D 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: + 2.6% (k=2)
Canlificaile Mo ET3-1858_Auy12 Paye 11 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
s

ET30WE— SN 1008

fwiqust 24, 2012

DASY/EASY - Parametiers of Probe: ET3DV6 - SN:1558

Other Probe Parameters

Sensor Arrangarment Triangular
Connector Angle () 167.7
Mechanical Surace Detection Made “enabied
Optical Surface Detection Mede . enabled
! Probe Gwerall Length 33T mim
: Frobe Bady Ciameler 10 mm
Tip Length 10 mm
: Tip Diameter 6.5 mm
Frobe Tip to Sensor X Calibration Faint 27 mm
Probe Tip ko Sensor ¥ Calibration Paint 27 mm
Frobe Tip lo Sensor £ Calibralion Foint 27T mm
Recommended Measuremnenl Distance from Surface 4 mm

Cortificate Mo ET3-1558_Aug12 Fage 12 of 12
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Annex E to Test report no.: 1-4254/12-73-02-B mfgo_M

3 Calibration report “Probe ET3DV6”

Calibration Labaratory of “'\'w" Scidoarinchis Kallbruidianst
Schmid & Partner et Service sulsse d'étalonnage
anineming AG Borvizle evizzare di taratura

)

2a i
ughausstrasse 43, 8004 Zurich, Switzorland ¥ Swiss Callbration Service

oA
oty A

Acedliad by lhe Swiss Accredliation Servica (SAS) Accredntation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agrooment for the recognition of calibration cortificates

Clierit Cetecom Gerticate No: ET3-1558_Jan12

[CALIBRATION CERTIFICATE |

Object [ET3DVG - SN:1559

Gaibeation provedures} QA CAL-01.v0, QA CAL-12.v7, QA CAL-23.v4, QA CAL-25.v4
Calibration procedure for dosimetric E-field probes

Calibration date: January 18, 2012

Inis cannraton corificata dotuments the iraceability to national standards, which realiza the physical units of messurements (S1).
The measurements and the uncerlainfias with confidence probahility are given on the fallvwing pagas and ada pad of he cedilicats

All calibrations hawe bean conducted in the closed laboratory facility; environmesnt temperature (22 + 3F°C and humidity < 70%.

Cakbration Equipment used (ME1E critical for calibralion)

Primary Standards 10 Cal Date {Cenificate Mo.) Schedubed Calibaation
Fower meler E44198 GE41233874 31-Mar11 (Na. 217-01372) Apr12
Prower sensne E44124 | My4 1400007 31-Mar-11 (No. 217-01372) Apr 12
Reference 3 d6 Allunustor Sh: 556004 (3c) Z9Mar-11 (Mo 21 F-0156H) | Apri2
Roferaice 20 d8 Attenuator SM: 85088 (20b) Z8-Mar-11 (No. 217-01367) Api-12
Roferonco 30 dB Atloneaior SN BE12D (30b) | 2-Rar-11 {H;. 217-01370) Apr-12
Hefgrance Frobe ES30VZ SN 33 | 29-Dec-11 (Na. ES3-3013 Decit) | Dac-12
DAE4 SN Gl Ahday-11 (Mo DARL-RSA Mayii) May-12
Secondary Standards 1D Chack Data (in house) Scheduled Check
RF gansralnr HF 85480 US384200 1700 £-805-99 {in houss chack Apr-11) I housa chosk: Apr 13
Mistwork Avralyen HP BTS3E US37390583 18-0ct-01 in house check Oct-11) In house check: Ucl-12
Name Function _Srarm[-.nn
Caltsratod by: Jaton Kastrat) Loty et wiiciasn SR
ke {0

Apgrivned by, Kailfa Pokoic Technical Managoer .-:—:':‘::_. :-7_.— g g :

Isswar: January 18, 2012

| This calitiration cedificate shall not ho rafnckicad sxcepd in full without weitten approval of the laboralony.

Certificate Mo: ET3-1550_Jan12 Page 1 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM

Calibration Laboratory of _\\“"'w?"/., 5 Sohwaizarischer Kalbrierdionst

Schmid & Partner —E:' ‘“‘h--_\"“—'/—-"siz o Service suisse d'dlalonnage
Engineering AG 3,-— e g Sarvizio svizzera di taratura

Zeyghausstrasse 43, 3004 Zurich, Switzerand "Z,J:fr",f-\“\_:;.-‘" Swiss Callbraton Sarvice

Aceredited by the Sweass Ascreditation Sarvce (5AS) Acereditation No.: S8 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:

a

b

IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorplion Rate (SAR) in the Hurnan Head from Wireless Communications Devices: Measurement
Techriques”, December 2003

1EC §220%-1, *Pracadure to maasure 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:

NOEMy, Y, 2: Assessed for E-field polarization § = Q{f < 800 MHz in TEM-cel; F > 1800 MMHz: R22 waveguide).
NORM: v,z are only inlermediate values, | &, the uncersinties of NORMx .2 does nal affect the B -field
untertainty inside TSL (see below ConvF),

NORM® .z = NORMz y. 2 * 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 ComvF,

DCPyy, 2. DCP are nurnerical lingarization parameters assessed based on the data of power sweep with CW
signal (na uncertainly required), OCP does not depend on frequency nor media.

FAR! PAR i the Peak to Average Ratio that is not calibraled tut determined based on he sigral
characteristics

Ax 7 By z: ez, VRx vz A, B C ara numerical lineanization 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,

ComvF and Boundary Effect Parameters: Assessed in flat phantom using E-Nefd (or Temperature 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.

Spharical izotropy {30 devialion from jsafrapy): in a field of low gradienls realized using a flat phantom
expozed by a patch antenna,

Sensor Offsel: The sensor offset corresponds to the offset of vitual measurement center rorm the probe tp
{on prebe axis), No tolerance required.

Certificate Mot ET3-1559_Jan12 Fage 2 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
W—-

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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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
—_———

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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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMW

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 19 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CETECOMW

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 Unct,

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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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM

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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Annex E to Test report no.: 1-4254/12-73-02-B CETEQOM

ET30VE— SN January 18, 2012
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM f=1800 MHz,R22
30 i
m an x A
- "':._"::v_ oa naTon [0 i " “p1 04 08 __l:-:
L % e
F20] =5 . 0
o ° 0 3 ] [
Tet X Y £ Tol X \y z
|.5_.__ ..........................................................................................................................................
g : i i i i i
‘E‘ 00| PmamdT Bt gy n--uéi--s.-_&-a-c—»é_a,__,u_.a. i_g__,._, At g g
§ b | : ] |
: ; ST ; e e ;
150 by 5 5 B 1 4
s Rol[] y
'j%lr‘_' GUTH=z “w(Hz P

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

Cuarificate Mo: ET3-1550 Jan12 Page 8 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CE” M

ET3DVE~ SN:1559 January 18, 2012

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

nput Signal [uv]

100 i el 3
10+ hlog i@ 10 108
SAR [mWlem3d)]
| e + | e
x mm_pe_!_‘rmtea X not eompensated b § tﬂ.ﬂE‘ﬁa{&'ﬁ
] ]
Y not compensated £ compensated Z not compensated
2
1
g
e |
2
B |
N i S L AR R S SRR IR
102 102 10 100 101
SAR [m\W/cm3]
o s 2]
X componcated ¥ not comprnsatod ¥ compensates
[+ . | i)
Y ot compesaied Z uuormpermsated Z nol comipensaled
Uncertainty of Linearity Assessment: * 0.6% (k=2)
Certificale Mo: ET3-1558_lan12 Page 8 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CELEQM

ETIDVE~ 3N 1569 January 18, 2012

Conversion Factor Assessment

= 900 MHz WGLS R9 (H_comF) f= 1750 MHz WGLS R22 (H_convF)
an | ‘ sk
& =
aed
< f ". ]
Z 1':\-—E § g’ I
£ | 2
= 10 = s
i g
18] L [
: s
14 !
s
5 il PR e . sl da ke L e el ra )
& 10 =] 1!0"1 E] ‘o ES (] 5 w0 0 = F 0 E @
& o Fprmj
wita P =1 s
Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz
-0 -08 -08 -04 -02 0D a2 04 ne 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Certificale No: FT3.1550_.lan12 Page 10 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
———

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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Annex E to Test report no.: 1-4254/12-73-02-B CETEQOM

4  Calibration report “Probe EX3DV4”

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zaughausstrasse 43, 3004 Zurich, Switzerland

g Schweizarischer Kelibrierdienst

c Service suisse d'étalonnage

3 Servizio svizzero di taratura
Swize Calibration Service

Alraediied Ly the Swiss Accaditation Service {GAS) Accraditation No.: SCS 108
The Swiss Accredilation Service [s ong of the signatories to the CA
Multilateral Agreement for the recognition of calibration certificates

client  Cetecom Certificate No: EX3-3566_Augi2

[CALIBRATION CERTIFICATE |

Object EX3DV4 - Sh:3566

Calibration procedurels) Oh CAL-Q'I-,I.I'B, QA C.AL- 14.'_:\!3, oA CM_-E-E_\“‘., A CAL-Z6 vd
Calibration procedurs for dosimetric: E-field probes

Calibration date: August 23, 2012

This calibration cartificete documents the iraceabiity lo naticnal standards, which realize the physical unts of measurements (51)
The messuremants and the undertainties with confidence probab@ity are given on fha following pages and are part of the cerificate.

All ealibrations have been conducted in the ciosed laborstony faeliby: anvirnamant tinmparaiune (77 + 31°C and humidity = 70%.

Cabbration Equipmont eeod METE critical for calibration)

| Primany Standads 8] Cal Date [Cerificale No ) Scheduled Calibation
Power meter E44198 | GGB41203874 29-Mar-12 No. 217-01508) Apr-13
Power sensor E44124 MY414850587 23-Mar-12 (Ma. 217-01508) Apr-13
Reference 3 dR Aftenismin SN 35054 (3c) 27-Mar-12 (Mo, 217-01531) Ap-13
Refarancn 20 AR Atandatnr SN: S50RR (20h) | Z7-Mar-12 {Ne. 217-01529) Apr-13
Reference 30 4B Afterustor SN B5195 A0k} | 97-Mar12 {Np 217-015637) Ap13
Refarance F'iabnlES'SDUE Shi: 3013 Z7e-Nec-11 (Mo FSA-AMA Nectt) Ner-17
DAEA SM: BED 20 Jun-12 (Mo. DAEL-GED_Jun1?) =13
Sccondory Stondards 10 Check Date (in housa} Sehaduled Chock
13T gen&r;.ltm HI™ BE4B0 UE3642U0 1700 4 fwg 00 {in hauee choek Apr 11) In houss check: Apr-13
Network Analyzer | IP 07530 | LSarannsns 45-0ct-01 {in houac chct_ﬂ:f_ﬂgt i1} In heusa shock: Dot 12
Nama Funetion Signatura
Calbrated by et KAt ; | ahnratary Technician

Ukl

Approved by Kalfa Pekevic Terfinical Manager

leaued: Auguet 23, 3012
Tlds calibration cerfificate shall not be reproduced except in full without written appraval of the laboratory

Certificate No: EX3-3566_Augid Page 1 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
w-e—

Calibration Laboratory of SR,
Schmid & Partoer S, S

Sehwaizerizchar Kalibrierdianst
Sarvlce suigse delalonnage

Engineering AG Ll Sl Servigio svizzero di taratura
i i A . _
Zeughaussirasse 43, 3004 Zurich, Switzerland '4,,/?:{‘\“:\‘ Swiss Calibration Servtce
e
Accredded by the Svess Adcredilation Service {3A5) Accreditation Ko, SCS 108

The Swiss Accreditation Servica is one of the Signatorles 1o the EA
Eulritaleral Agreemaent for ihe recognition of calibration dertificates

Glossary:

TEL tissue sienalating liquid

MCRERS v 2 sensilivity in free space

Comwk sensilivity in TSL F NORRM: .z

DcP dinde compression point

CF crest facker {Tiduty_cyelel of the RF signal

A.B,C madulation dependent lingarizetion parameters

Polarization ¢ op ratation arocund probe axis

Polarization § 8 ratation areund an ax%is hat iz n Ihe plane normal to probe axis (al measwrement center),

ie, 8 = 0% normal to probe axis

Calibration is Performed According to the Following Standards:

s) (EEE Std 1528-2003, "|[EEE Recommended Praclice for Delermining the Peak Spatial-Averaged Specilic
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: bMeaturament
Technigues", December 2003

by IEC 62209-1, “Procedure to measure the Specific Absorplion Ratz (SAR] for hand-held devices used in clase
proximity to the ear (frequency range of 300 MMz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  MNORMxy.2: Assessed for E-field palarization & = 0 (f < 900 MHz in TEM-gell; > 1800 MMz: R22 waveguide).
MORMx .2 are only intermedizte values, ie., the uncertaintes of MORM: v,z does not affect the E*-figld
ungertainty ingide TSL {see balow ConmvF),

v MORMfx V.2 = NORMyy, 7 * frequency_response [see Fraguency Response Chart). This lingarization 15
implemanted in DASY4 software versions later than 4.2, The uncertainty i the frequency respoense 13 included
in the stated uncertainty of Conef,

+ DOPyy.z DCP ate numerical ineanization parameters assessed based on the data of power sweep with CW
signal [no uncertainty required). DCP does not depend on frequency nor media.

«  PAR: PAR it the Peak ko Average Ratio that is not calibrated bul determined based on the signal
characlerislics

v Axyz Brpz Cayz WRxp.z: A 8, G are numenical inearization parameters assessed hasad en the data of
power sweep for specific modulation signal. The parameters do net depend on frequency nor media, VR = the
masmurn calibration range expressed in RMS veltage across the diode.

v ConvF and Bowndary Effect Parameters: Assassed in flat phantom using E-fiald (er Temperaiure Transfer
Standard for f £ 300 MHz) and inside waveguida using analytical field diskibutions based on power
measurements for f > BO0 MHz. The same selups are used for assessment of the parameters applied far
boundary compensation {alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASYS software to imprave probe accuracy close to the boundary. The sensilvity in TSL corresponds
to NORMxY.2 * Convi whereby ihe uncertainty comesponds to fhal given for ComF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows exlending the validity from £ 50 MHz 10 & 100
MHz.

« Spherical sotropy {30 deviation from isotrepy): in 2 hetd of low gradients realized vsing a flat phantorn
axposed by a patch anlenna.

v Sensor Offser The sensor offset corresponds 1o the offset of virtual measurement center from the probe tip
{on probe axis), Mo tolerance required.

Cepifigate No: EX3-3586_4Aug12 Page 2 of 11

Page 27 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
W—-

EX3DW4 — SMN:3566 fAugust 23, 2012

Probe EX3DV4

SN:3566

Manufactured:  February 14, 2005
Calibrated: August 23, 2012

Calibrated for DASY/EASY Systems

(Mate: ron-compatible with DASY2 systemt)

Cerliigata Ng: EXI-35GE_Aug12 Paga 3 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM"
s

EX3DVA- SHES66

August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Basic Calibration Parameters

[ Sensor X Sensor ¥ Sensor 2 Une (k=2}
[ Norm gqudrivim)y™ 0,32 .48 0.45 =101 %
| DCP (mv) 96.0 95,1 a7 4
Modulation Calibration Parameters
uip Commiunication System Name PAR A B C VR | unct
dB 4B dB m k=3
[¥] Cy 0.0a X, 0.00 i) 1.00 170.7 1.0 %
v [ oo 000 1.00 147 1
Z | oo oA 1.00 1417
10062 |EEE 8GZ.112th WiFi 5 GHz (OFDM. & | 869 | x | 1005 BE.5 214 1259 | 2%
bk}
Y 5.25 B7.7 21.0 059
z 978 67.E BE 1035
0148 LTE-FDD {SC FDNA, 50% RB, 20 MHz, | 5.83 | X F.35 6.5 14.1 444 | 214 %
JERSR L ; 5
N 5.25 55.2 19.1 1254
z 6.3 B8 198 121.0
10149 LTE-FDD (SC-FDMA 50% RE. 20 MHz, | 642 | X 674 655 19,8 1038 | *1.2%
L 1B- QAN
o ¥ 715 568 196 131.2
T ST T z 77 67.2 o401 126.4
10154 LTE-FDOOr [(SC-FOMA, 50% RE. 10NMHz, | 578 | X | 586 5. 18.9 1366 | t12%
QPSK)
Y 5.81 £5.6 13.8 12004
Z | 585 562 1854 1158
“i0155 LTE-EC} [SC-FDMA, 50% RE, 100MHz, | 643 | X | 684 ET.D 197 HWie | #14%
16-QAN)
¥y | svo 86.5 195 125.7
4 GBS 571 204 1206
10164 LTE-FOD (SC-FOMA, t RB. &0 MHz, TE7E | x| J38 546 165 152 | DE%
DPSH)
v | 472 86.1 19.4 142.2
2 | arr 57.0 203 138.1
10175 LTE-FOD {BC-FOMA, t RE, 10 MHZ, 973 | X | a4 544 154 1143 | 2048%
DPSH) :
¥ i 473 66.2 19.5 140.4 i
¥ | 4 §7.0 20.2 136.5
10476 LTE-FOD (SC-FOMA, ¥ RB, 10 MHz, 652 | X 4.43 £4.0 16.8 065 | 112%
15-C80) :
: ¥ 5356 £7.1 0.3 139.4
| Z 538 676 20.9 134.2

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

probability of approximatety 35%.

* The wncerainties of Morm ¥ .2 du not affect the E™-figld uncerainty inside TSL (see Pagas §and ).
® Numerical ingarization narameter; uncerginty nat requied.

E Uncenainty is gelermingd using the maz deviaton o lnear respanse apalying rectangslsr distribuian and is expressad for e square of the

field walre,

Certificate Na: EX3-3666_Aur 12
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMW
W—.

EX20wd— SMN:3566 August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Calibration Parameter Determinad in Head Tissue Simulating Media

Relative Conduglivity Depth Unet.
f(MHZ} " P Permiltivity” {Sim) © ConvF ¥ | ConvF ¥ | ConvFz | Alpha | (mm) (h=2)
200 39.0 1.96 5.04 584 5894 0.3z 1.03 £12.0 %
3500 379 291 5.53 5.53 5.53 042 0.99 £131% |
£200 36.0 4.66 4.24 4.24 §.24 | 0.35 1.80 131 %
5300 | 35.3 4.78 4.05 4.05 4.05 | 0.35 1.59 131 %
5500 J 35.6 4.96 372 are a7z 040 1,80 £131% |
sa00_| 353 5.27 3.85 3.65 .65 0.45 1.80 13,1 %

* Freneancy vahdily of + 100 MHz oy apphes bor DASY vd 4 and nigher {see Page 2), else it 1s resiricled ko = 50 WMHz. The uncerainly is the RES
ol the Conwf uncedainly at calibeahon requency and the uneeddinty tor the sndicaled frequeacy band.

" AL frequencies below 3 GHz. the vahdily of bssue paramelers (v and &) can be relaxed ta = 10% i1 4iguid compensalon ternulia s applied o
measyred SAR values. AL frequencies ahove 3 GHz 1he vality of Lissue pargmeters [¢ and o) is reshicled lo = 5%. The uncenainty is the RS of
the Sonvf uncanainty for indicated tanger HSEUE PArameters

Cerificate No: EX3-3860_Augt2 Page 5 of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMW
W—.

EX3DV4~ SM:1366 August 23,2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3566

Calibration Parameter Determined in Body Tissue Simulating Media

, . Relative _ ConductlFm | Depth U!'I:t .

{MHz) Permittivity {Stm) ! ConvFX | ConvEY | ComwFZ | Alpha {mm)} Ik=2)
2600 52.5 216 .06 6.06 f.06 ! 0.80 0.50 +12.0%
3500 5i.3 331 527 527 .37 .58 0.86 *13.1%
5200 48.0 5,30 3.560 3.50 .80 050 1.50 131 %
5300 48.9 5.42 3.35 3.36 3.35 0.50 1.90 +131%
2600 48.6 2.65 310 210 310 .25 1.80 +i31%
5800 48.2 .00 a2 3.1z 312 060 1.50 +131%

“ Frequency walidsy of + 190 WMz only spplies for DASY vd.d and hghar {ses Page 2). glse it s resincled 1o = S0 MHz. The urcertainty is e RSS
<_:|f the ConwF uncerainly 8t ealibeation frequency and Lhe unoedainly far the indicated frequency band.
“ Al frequenaies belnw % GHz, the validity of tissue paramalers {¢ and ) can be felaeed b+ 10% if xquid compenzaion formula iz apelied 1o

measured SAR vakies. At frequencies ahova 3 Gz, tha vahdily of lissue parameers (v atd o)is rasticted 1o £ 5%. The uncerlainty o Ihe RSE of
Ihe Camf uncena'nty for indicaled 1arget fissee parameters.

Certificale Mo, £X3.33668_ Lugi2 Page & of 11
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
W—-.-

EXIDNA— 503566 August 23, 2012

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide: R22}

Frequency response (normalized}

Urcertainty of Frequeney Response of E-field: # 6.3% (k=2}

Cerifigate ho: EX3-3666_Aury 12 Fage 7 of 119
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Annex E to Test report no.: 1-4254/12-73-02-B CETEQOM

EXADVA— SN:3566 August 23, 2012

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz.R22

T o
1 4 125 &
T = n v i
" ; g 0w IJ1 o Q oF o
[
= ! 5 R
] 20 —
& L] - ] . 0
T S ¥ Z Tak E b Z

[ Ao+t rms i e 2 532t o oo - e e b rmsim om  §  m  7 m E Ee t g# Bam fee )
B k1. | e e g :
= e g g e Bugafeigmtogoe iy SR e ST e WL T = 4_-.5_-_'-:_--§=§:
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX20W4— SRIISHS August 23, 2012
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Urcertainty of Linearity Assessment: * 0.6% (k=2)

Cenificals Mg EX3-Z3666_Aun T2 Page 9 of 11
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EX3DVA- SN:3566 August 23, 2012
Conversion Factor Assessment
f= 2600 MHz WGLS R22 (H_convF) f= 2600 MHz. WGLS R22 (M_convF)
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Deviation from Isotropy in Liquid
Error (#, §), f= 90D MHz
40 -08 -006 <04 -02Z Q0 D2 04 06 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
Cerlificate No: EX3-3566_Aug12 Page 10 of 11
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CETECOM"
s

EX3IDNA- BN:3566

August 23, 2012

DASY/EASY - Parameters of Probe: EX3DV4 « SN:2566

Other Probe Pararmeters

Sensor Arrangement Triangular
Connector Angle (%) 8d .4
Mechanical Surface Detecticn Mode enabled
Optical Surface Detection Mode i disabled .

[ Prohe Overall Length 337 mm
Frabe Body Diametar 10 mm
Tip Length 4 mm
Tip Digmetar 2.5 mm
Prohe Tip 1 Sensor ¥ Calibration Point 1 mm
Frobe Tip o Sensor ¥ Calibration Point 1 mm
Probe Tip o Sersor £ Calibration Paoint 1 mm
Recommended hMeasurement Distance from Suface

2mmi

Ceiificate Mo EX3.3566_Aug12 Page 11 of 11
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CETECOM
o

5 Calibration report “900 MHz System validation dipole”

Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurleh, Switzerland

Schweizerischer Kalibrierdionst
Scrvice suisse d'étalonnage
Servizio svizzero di taratura
Swise Calibratlon Service

Aceredited by the Swiss Accrodilclion Scrvice [SAS) Accreditation No.: SCS 108

The Swiss Avcredilalion Servics is ona of the signatorles to tha EA
Multilataral Agreement for the recognition of calibration certificates

Client Cetecom
[CALIBRATION CERTIFICATE |

Certificate No: DO00V2-102_Augii

Object D800V2 - SN: 102

QA CAL-05.vE
Calibration procedure far dipole validation kits above 700 MHz

Calibration prnsdurzis)

Calitration dste;

August 15, 20711

This zafibrabicn cerfificate docurents the raceskil by ko nalenal standards, whish realizs the physical wilts o Measwamonls (S0
The measurements and the uncerainties Aith cxalidar ok prohability AtF given an the followng pages and are par of the cerificste.

Al calibratons have been conducied in the closed laboratory lacility: envirormant temasratura (22 + 3)°C and hurridity < 702,

Calitsation Ecipment used (METE critcal “or c2fibration)

Approved by:

| Thiz calibiatian cariizale shall not be reproducec exoep in lull without writen spprovel of tre iab-o[a‘[lj.l}'

Katja Pokovic

Technical Mahager

Carilicale No: D900V2-102 augl)

Pagr 1 0f A

Frimany Standards o# Cal Date (Cerifcale Mo} Scozdulad Calibration |

Poveer metar E7WV-4424 GRITIE0704 03-0ct-10 {No. 217-01268) Q-1

Power sansor HP B431A LIS 2 Es 03-0el-10 (Mo, 217-01268) Cetd1

Reference 20 dB Aftenuator Sh: SE0BE 12000 23-Mar-11 {ho. 217-01357) Apr-12

Type-M nismakch aeekination SN; 5047.2 ! 08327 Z3Mar-11 the. 217-01371) Apr-12

Reterence Pmhe FRINWVI SM: 3205 23-Apr-11 (Mo, ES3-5205_Aprid) Apr-12

DAES SN &0 M-du-11 [No. DAE4-G01_Julii) Jul-iz

Secondary Standards D # Zhaek Dace {in housc) Scheduled Check

Power sansor HP B48-A MY31092317 13-0ct-02 {In house chesk Oct-09) In house chacs (001

HF generalor &5 SMT-06 100233 M-Aug-0E (in house check Ost-08) In house chacs: Oct-11

Metwork Anglyzer HI™ 075CC US3TE00635 54206 18-0ct-01 {1 howse chisck Ocl10) In house crecs<: Oct-1 |
Mare Functian Signgts

Caliarated by: Claugio Leubler Laborztory Tedhmsian "{',I

W

==

lssued: August 15, 2011
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Calibration Laboratory of o

; c;"\\'l*"n:ﬁ‘} 7, SChwelzerischer Kalibrlardianst
Schmid & Parner T P g Sarvice suisse d'étalonnage
Enginee ring AG T Servizlo svizzero di laralurs
Zeughaussirasse 43, 8004 Zurich, Switzerland e :.\'-1'“ Swies Calibration Service
e
fccradited oy the Swiss Accredilation Sarvice (545} Accreditation Mg, SCS 108

The Swiss Accreditation Service Is one of the signalories to the EA
Multilateral Agresmant 1or the recegnition of calibration certificator

Glossary:

TSL tissua simulating liquid

ConvF sensitivity in TSL/ NCRM xy.z
IN/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528 2003, “IEEE Recommended Practics for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Hurman Head from Wireless
Communications Devices: Measurement Technigues®, December 2003

b) IEC 62209-1, "Proccdure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz te 3 GHz)",
February 2004

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
s Measuremant Condifions: Further details are availablc from the Validation Report at the end
of the certificata. All figures stated in the certificate are valid at the frequency indicatad.

s Antenna Parameters with TSL: Tha dipale iz mounted with the spacer ta position its food
point exactly below the center marking of the flat phantom section, with the arms eriented
parallel fo the body axis.

» Feed Point Impedance and Return Lass: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impadance stated is transformed from tha
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power. Mo uncertainty required.

* Elgctrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainly required.

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

*  SAR normalized: SAR a3 measured, normalized to an input power of 1 W at the antenna
connector.

«  SAR for noiminal TSL pararneiers: The measured TSL parameters are used to calculate the
nominal SAR result.

Cariificate Mo: D220V2-102_Augii FPzoe2cf &
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMN

Measurement Conditions
DASY syslem configuraticn, as far as not given on page 1.

DASY Version DASYS V52.6.2

Extrapolation Advanced Extrapolation

Phantom Modular Flal Phanlom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Nesclution dr, dy.dz =5 mm

Fraguency 900 MHz L 1 MHz
Head TSL parameters

The fellowing parameters and caloulstior s were zpplied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 2200 415 .97 mhoim

Measured Head TSL parameters {(220=02)"C NI +6% C.953 mham =8 %

Head TSL temperature change during test =05°C et
SAR resull wilh Head TSL

SAR averaged over 1 em® (1 g) nf Heard TSI Condition

SAR moasured 250 mW input power 2H8mW /g

SAF for nominal Head TEL paramelers | normalized to 1W 10.9 mW fg = 17.0 % (k=2)

SAR avaragad over 10 em® (10 g} of Head TEL cond ticn

SAR measurec 250 mW input power 1.73mW /g

SAR for nominal Head TSL paraimelers nurnalizec o W 6.97 mW /g = 16.5 % (k=2)
Body TSL parameters

The fallowing parameters and calculatians were applied.
Tcmperature Permittivity Conductivity

Nominal Body TSL parameters 2200 55.0 1.05 mha/m

Measured Body TSL parameters (22002 *C 5286 % 1.05 mha'm + G %

Body TSL temperature change during test <5 C —--
SAR result with Body TSL

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

SAR measurad 250 mVWY input sower 2B83mW /g

SAR for nominal Budy TSL paramaters narmal zedl ¢ 1W 1.2mWig=17.0 % (k=2)

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

EAR measurcd 250 mW input power 1.02mW /g

SAR for nominal Body TSL parameters normelized o 1TW 7.2 mW /g = 16.5 % (k=2)
Catfcale Mo: DIDOW2-102_Augiil Page dul 8
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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 -|
Roturn Loss -22,0dB '

General Antenna Parameters and Design

LFIP.mrICHJ Mielay [one direcuan 1.407 ns

Aftar long term use with 100 mdiated power, only a slicht wamming 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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W

Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 49.8Q - 5.0/Q 45.60Q +0.6/Q
Return Loss -26.0dB -23.6dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 45.8Q - 6.4jQ 4550 +6.8/0
Return Loss -22.0dB -20.5dB

Page 41 of 89
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CETECOM

DASYS Valldation Report for Head TSL

Test [aboratory: SPEAG. Zurich, Switzerlam]

DUT: Dipole 900 MHz; Type: D00V 2; Serial: DY00V2 - SN: 102

Communication system; CW; Frequency: 900 MHz

Medium parameters used: =900 MHz; o= 0.95 mho/m; & =103 p= 1000 kgf'm"'

Phantom zcerion: Flat Section
Mezasurement Standard: DASY 3 (IRRRARC/ANST CH3.19-2007)

DASYS2 Configuration:

¢ Probe: ES3TIV3E - SN3205; ComvFi5.97. 3.97, .97 Calihrared: 29 04 2011

¢ Scnsor-Surface: 3mm (Mechanical Surtace Detection)
« Elcotronics: DAE4 Sn501; Calibrated: D4.07.201 |
e Phaniom: Flal Phantom 4.9L; Type: QDINOP49AA: Serial; 1001

= DASYS2 22.6. 20482 SEMCAD X 144503034

Date: 15.08.2011

Dipale Calibration for Head Tissue/Tin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dv=5mm, dz=3mm
Refersnee Value = 59,842 Vim; Power Dritt = (LM dI3
Peak SAR (extrapolated) = 4.018 Wikp

SAR(1 g) = 2.69Y mW/g; SAR(10 g) = L.73 mW/g
Maximum value of SAR {(measured) = 3.146 mW/g

0 dB = 3.150mW/g

Certificate No: D900V2-102_Augl PageZ ol 8

Page 42 of 89




Annex E to Test report no.: 1-4254/12-73-02-B

CETE:

Impedance Measurement Plot for Head TSL
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Certificate Mo: D30IV2-102_Augii
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DASY5 Validation Report for Body TSL
Date: 15.08.2011

Test Lahoratory: SPCAG. Zurich, Switzerland

DUT: Dipole 9(H) MHz; Type: DY900V2; Serial: DO00V2 - SN: 102

Communication System: CW; Frequency: Y MHz

Medium paramerers used: [ =900 MHz; ¢ = 1.05 mho/m; £, = 52.8; p = 1000 kgfm"
Phantom seclion: Flal Sectiom

Measurement Standard: DASYS (ICCIVIEC/ANST CA3.19-20071

DASYSZ Configuration:
*  Probe: ES3DV3 - SN3205; ConvF{5.94. 3.94, 3.94); Calibrated: 29.04.2011
+ Sensor-Surface: 3mm (Mechanical Surface Datection)
s FElecrronics: DAEA Sn601: Calibrated: 04.07.2011
=  Phantom: Flat Phantom 4.97; Type: QDOOOP49AA; Serial: 1iK)]
= DASYE2 52.6.2(482); SEMCAD X 144.5(3034)

Dipole Calibration for Body Tissne/Pin=250 mW, d=15mm/Zoom Scan (Tx7x7WCuhe 0:
Measurement grid: ex=5mm. dy=3mm. dz=5mm

Reference Value = 56.479 Vim; Power Drifi = 0.03 dB

Peak SAR {extrapoluted) = 4.331 Wk

SAR(] 2) = 283 mW/g; SAR(10 g) = L.8Z mWig

Maximum value of SAR (measured) = 3.319 mW/e

an

229

=146

0JB =3.320iW /'y

Cerlilicatz No: D30CV2-102 Augid Page Tof &
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CETECOM"

Impedance Measuremant Plot for Body TSL
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Calibration report “1800 MHz System validation dipole”

Calibration Laboratory of I B

SN
Schmid & Partner e
Enginesring AG gy

Zeughausatrasse 43, 004 Zurich, Swilzerland

Arcraditer by he Swiss Aroreditatine Sarv ce (SAS)
The Biwiss Accreditation Service Is onc of the slgnatories to the EA
Multilateral Agreement for the recogniticn of calibration cerlificates

Client Cetecom

S Schweizerischer Kalibrierdienst
Service sulsse d'élalonnage
Servizio swizzero di taratura

S swiss Calibretion Service

ncereditation Na.: SCS 108

Cerlificale No: D1800V2-287 Augi1

[CALIBRATION CERTIFICATE

Object D1800V2 - GN: 287

Calibration procedu-a{s)

QA CAL-05.v8

Calibration procadure for dipole validation Kits above 700 MHz

Caliratio dae:

August 17, 2011

Calibration Equipment tsed (METE crilizal for calibiralivn)

Falinay Smndaios lipa

Cal Darz (Cenflzate Moy

This calibration certlicale documernits the traceab ity 1o rational standards, whicl realize the physical Jnits of meazuremants (51
The meszuramsants and the unceteinfies with confidenze probeb lity are given on the following pages and are part of the corbificace.

Al calilnabivns wve Deern vor docled o lw Cosed sboratony facily. cordoornant lemperaluee (22 = 357G and hum dity = 70%.

Schadulec Callbraiion

CETECOM

Powear mctar EPLA-2424 GEIT4ROTIS Q6-Dct-10 (Np. 2°7-01266) Ozi-1-
Power sansor HP 34814 US37252703 06-Oct-10 (No. 2° 7-3 265) Oet-1+
Beferanes 20 AR Attani@ne Sh- SRCAA (0h) 20-bar-11 (Mo 2 17-40367) Apr-12
Typo b assmatzh combinaton SN: BO4T.E 7 D827 29 Mar 11 (Mo, 217 01371) Apr-12
Feferanee Probas ESANDWA S 32005 F0-Apr-11 (Mo FS3-3205_Aw11) Apu-12
CAE4 SN B0 04 Jul-11 {Nc. DAFE4-321_Jul17) Jul-17
ﬂ_lg_uf Sladands l 1D & Gk Dale (n ouee) Scheculed Ghack
Powcr senscr HP 34817, | MY 41032317 18-0ct-22 (in house dheck Oc-08) In houea check: Oct-11
AF gersmiay RAES SMT-0E | 100205 04-Auy-89 i houwss chech Oct-02) In hause chezk: Oct-11

Matwork Analyze- 4P 8753E US37300585 54206

Mame
Calibratas by Claudio Laublar
Aparoved by Rafja Pokavic

|8-Dct-21 (in house chack Oct-10) In house check: Oct-11

Funciion
Lahoratory Tachnician Q\
.-’ //"
f/"{f i
J‘

I el Auguat 17, 2011

Technical Manager

This calibratizn carficate shall et 22 reproducec excep: in full vathout waitten approval of the laboaiocy.

Cerificate No: D800OV2-237_Augti

Page1of 8
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i H A Hipa,
Cal Ebl:ﬂtlljn La bomtory of s{‘\\l\;-%j"r?’ §  Schwelzerlscher Kallbrierdienst
Schmid & Partner T i) c Service suisse d'&talonnage
Engineering AG e Servizlo svizzero di taratura
Zeughauasirasse 43, 8004 Zurich, Switzerland "g‘rfn“\;\-“' E  cwiss Calibration Service
il
Acoradited by the Swiss Accreditation Sorace (S85) Accreditation Mo.: SCS 108

The Swiss Accreditation Servien is one of the signatariea to the EA
Multilateral Agreement for the recognitlon of callbration ezrtificates

Glossary:

TSL lissue simulating liquid

ConvF sensitivity in TSL / NORM x,v,z
MN/A not applicakble or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommeanded Practice for Determining the Peak Spatial
Averaged Specific Absorption Rats (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues™. December 2003

b) IEC 62209-1, "Procedure tc measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximily o the ear (frequency range cf 300 MHz to 3 GHz)",
February 2005

¢ Federal Communications Commission Office of Engineering & Technology (FCC OET],
“Evaluating Compliance with FCC Guidelines for Human Exposurs to Radicfrequency
Electromagnetic Fields; Additional Information for Evaluating Compliznee of Mobile and
Portable Devices with FCC Limits for Human Expeosure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bullctin 65

Additional Documentation:

d} DASY4/5 System Handbaook

Methods Applled and Interpretation of Parametars:
o Measurement Conditions: Further details are available from the Validation Report at the end
of the cedificate. All figures stated in the certificate are valid al the frequency indicated.

» Anfenna 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
megsurement at the SMA connecter fo the feed point. The Return Loss ansures low
reflected power. No uncertainty required.

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

»  SAR measured: SAR mezsured al the slaled antenna input power,

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

= SAM for nominal TSL parameters: The measured T3L parameters are used to caloulale |
nominal SAR rosult.

Cerilicale Mo D1800V2-287 Augl® Jage2af8
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Annex E to Test report no.: 1-4254/12-73-02-B

Measurement Conditions

DAEY syser configuration, as far as not given on page 1.
DASY Version DASYS VEER.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

WMeasured Body TSL parameters (220 +0.2)°C 5310£6% L3 mho'm £ 6 5%

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

SAR averaged over 1 c¢m” (1 g) of Body TSL Conditlon

SAH measured

250 mW input power

DEEMW /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 conpdilion

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: D1800V2-207_Auc1d

PagaJdol 8
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Annex E to Test report no.: 1-4254/12-73-02-B CETECOMN

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) | 1205 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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Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 49.4Q - 5.4jQ 51.6Q -6.2j0
Return Loss -25.3dB -23.0dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 45.3Q - 4.8/0 46.80 -7.0/0
Return Loss -23.0dB -21.6dB
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DASYS5 Valigation Report for Head TSL
Darz: 16.08.2011

Test Laboratery: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: DIROOVZ; Serial: D180OV2 - SN: 287

Comnununication System: CW; Trequency: THO0 MITz

Medium parameters used: f= 1800 MIlz; o - 1.37 mhoim; & = 39.7; p = 1000 ke/m’
Phantom section: Flat Scetion

Mcasurement Standard; DASY S (IEERABC/ANSL CH3.19-2007)

DASY 52 Configuration:
+  Probe: ES3DV3 - SN3203; Convl(5.07, 5.07, 5.07); Calibrated: 29.04.2011
o Sensor-Surface; 3mun (Mechuanical Suwrluce Detection)
+  Electronics: DALY Sn601: Culibrated: 04.07.2011
»  Phantom: Flat Phantom 5.0 (fronty; Type: QLROOOPS0AA; Serial; 1001

o DASYI2 52.6.20482); SEMCAD X 11.4.5(3634)

Dipole Calibration for [Head Tissue/T'in=250 mW, d—10mm/Zoom Scan (7x7x7)/Cube 0:
Meusurement grid: dx=5mm, dy=3mm. dz=3mm

Refersnce Value = 92 567 Vi Power Dnfl = 006 dB

Peak SAR {extrapolaied) = 16.557 W/kg

SAR(1 g} =9.28 mWig: SAR(10 g) = 4.9 mW/g

Maximum value of SAR tmeasuredi= | 1.54 1 mW/g

558

1046

-1395

T4

0 dB = 11.540mW/z

Cedtificate No: D1800V2-287 Augii PagaGof 8
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Impedance Measurement Plot for Head TSL

1 U FS

Li 42,357 ¢

BT sit

D=1

Aia g
16

H1d

CHZ S#1  Los S dE/REF -28 dB

Ca

-53945 &

10 iy
16,331 pF

b

1t-28.25

2041  1<145150

i BEA.BEE BBE MHz

4 d3

1 D00.00E GO0 HHz

e
16°

Hid

START 1 ER0.000 00G MH=

STOP 2 BAR,BAG BBO HH=
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DASYS Validation Report for Body TSL
Date: 17.08.2011

Test Laborztory: SPTAG, Zurich, Swilzerland

DUT: Dipole 1800 MHz; Type: THRMV2; Serial: D1S00V2 - SN: 287

Communication System: CW, Frequency: 1800 Ml

Mediom parameters used: [= 1800 MHz; 6 = 1.5 mho/m: &, =34 p= 1000 kg;’mli
Phantem section; Flal Sechion

Medsursment Standard: DASY S (IEEEMREC/ANSI C63. 19-2007)

DASYS2 Conliguration:
o Piohe: ES3DV3E - SN2205; CoovF(4.74. 4.74. 4 74); Calibratad: 29042011
» Sensor-Surface: Imm (Mecharical Switace Detecticil
»  Elcetronics: DAE4 Sn601; Calibrated: 04.07.201 1
= Phautous Blat Phantom 5.0 (backy; Type: QDOOOPS0AA; Seral: 1002

= DASYSZ 52.6.2(452): SEMCAT} X 14.4.3(3634)

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

Referonee: Value = 900491 ¥im, Power Diritt = 003 JR

Peak SAR (extrapolated) = 16.947 Wkg

SAR(I g) = 9.58 mW/g; SAR(10 g) = 5.06 mW/g

Maximum value of SAR (measured) = 11.82% mW/g

LEN

-17E0

OdB = 11.830mW/z

Cartificate No: D1E00V2-287_Augid Page 7ol 8
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Impedance Measurement Plot for Bady TSL

17 Aug 2014 1E:G89:82
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engingering AG

FToeughaussirasse 43, 4004 Zurich, Switzeriand

Accreditsd by the Swiss Ascraditabon Senace [H5AE5)

%
“udyy o™

EBchweizcrischer Kolibricrdienst
Service sulsse d'elalonnage
Sarvizio swizzero di taratura
Swiss Calibration Service

Accredilation No.: SCS 108

The Swiss Accreditation Service is one of the signatorios to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom

Certillzate No: D1900V2-5d009._ Augii

CALIBRATION CERTIFICATE

Calibrafion procadure(s) QA CAL-D5.v8

Ohijact D1800VE - SN 5d009

Calibration procedure for dipole validation kits above 700 MHz

Calibration date: August 17, 2011

This calbration ceniicate documes the razaabliity to aationgl siandands, whch realize the physical urits of measurcmerts (S1).

The meazurements and lhe uncera riizs with confidencae probability are given on the following pages and are part of the cartificate.

All palibratons have been conducizd ir the dosed laboratory faci ty: envronmant tenperature (22 + 30 and biumidity -« 70%.

Calibration Equipmenl used (MATE c-ilical for calibration]

Mamary Slandards ) [+

Powar metar EPM-1428 GE3sd8Us0g

Power senzor HP 84814, 33720783

Aeferencs 20 d0 Aftsnuatar SN; 55086 (200

Typa-H misma-th combination SK: 50472/ OBAET

Refzrencs Frobe ES3DWVE SN: 3208

DAE4 SN 601

Socondary Standards I Iz

Power sensor HP 84814 BAY41 0025 T

AF gencrator R&S 3MT 06 100005

Plalmok Bnalyeer HP 3753E US3T3a0585 54206
Hamza

Calitrzled oy Claud|o Laiblar

Approved by: Katja Pokowe

Gl Date :G_m[ilwulu Paa)

Sl wdube ) Gelibaiion

CE-OCE" 0 NG, 217-D265)
CE-Dot-~0 iNa. 217-01268)
29-Mar-17 (Ho. 217-012687)
20-Mar-1- {Ho. 217-01371)
29-Apr-11 (No. EE3-3205 Aprid)
D4-Jul-11 (M. DAES-801_Juli 1

Ghoo Dele (i s}

nt-11
Oct 11
Apr-12
Apr-12
Apr-12
Ju-1z

Scheduled Gheck

18.Qet-0E iin house check Ocot-08)

D4-Auc-9% (0 house cieck Oct-09)
18-0ct-01 1in house check Oor-10)

Funetion
Laboratony Technician

Tachnical Manager

In house checks Tet-11
In hzuse check: Zck11
In hiis= cherk: Je-11

g
Sighaiu
Il b

lzzucd: Auguat 14, 2011

Cerificate Mo: 19002 Hd004_Aug1 1

Paga 10i 8

Page 55 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CET_ECOMTM
w

Calibration Lﬂbﬂl’ﬂt'ﬂ'r}' Of {a‘::&;*aﬁ sehwrizatzcher Kalibrierdienst

Schmid & Partner S — s Service suises d'dlalonnags
Engineering AG S Servizlo svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Swilzerkami B Swins Calibration Service

Accrodited by the Swiss Aocediarlon Senice ISAS) Accreditnlion Ne.: SCS 108
The Swiss Accreditation Service Is one of the signataries to the EA
Multilateral Agreement for the recegnifion of calibration cerfificatas

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2004, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Davices: Msasurement Techniques”, December 2003

b) IEC 62209-1, "Procedurs to measure the Specific Absorption Rate (SAR) tor hand-held
davices used in closc proximity to the ear {frequency range of 300 MHz to 3 GHz)',
Mebruary 2005

o) Federal Communications Commission Office of Engineering & Technology (FCGC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Hadiofroguency
Elcctromagnctic Fields; Additional Infarmation for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Ermissions”,
Supplement C (Editian 01-(11) to Bulletin 55

Additional Documentation:
d) DASY4/s Systern Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figuras stated in the certificate are valid at the trequency 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
parallel to the body axis.

» Feed Point impedance and Retum Loss: These parameters are measured with the dipole
positionad under the liquid filed phantom. The impedance stated is transformed from the
measurement at the SMA connector 10 the feed point. The Return Loss ensures low
reflected power. No uncartainty required.

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

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

s S5AR normalized: SAR as measurad, narmalized ta an input power of 1 W at the antenna
connectar.

= SAR for nominal TSL parameters: The measured TSL parameters are used io calculate the
nominal SAR result.

Certificate No: D1900V2-54009 Aug11 Page2of8
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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
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Appendix

Antenna Parameters with Head TSL
Impedance, tansformed to fead point 5110+ 270
Relurn Loss -30.8dB

Antenna Parameters with Body TSL

Impadarce. transforred o feed point GBI+ 280D
Return Less - 26.8 db

General Antenna Parameters and Design

I Elecirical Delay (one direction) 1.188 ns

Aler long term use with 100 radiatec sower, only a slight warming of the cipole naar the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cablz. The senter conductor of the feeding lirc is direcdy connected fo the
second zrm of e dipole. The anlenna is therelore shorl-cireuiled for DC-signals.

Mo excessive torca must be appled to the dipola arms, oecauss they might bend or the soldered connections nesr the
feedpoint may oe damagec.

Additional EUT Data

Manufaciurec oy SPEAG
Manufacturec on Febuary 22, 2002
Cerfizare No D200V 2-5d4008_Aug 11 Papgzd o’ &
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Antenna Parameters with Head TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 51.1Q +2.7j0 52.3Q +0.7j0
Return Loss -30.9dB -28.2dB

Antenna Parameters with Body TSL

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 46.6Q +2.8/0 4850 +3.6/0
Return Loss -26.8dB -26.5dB
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DASYS Validation Report for Head TSL
Daie: 16.08.2011

Test Laharaory: SPEAG. Zurich, Switzerland

DUT: Dipole 1900 MIlz; Type: DI1900V2; Serial: D1900V2 - SN: Sd00Y
Communication System: CW: Frequency: 1'"00 MHz .
Medium parameters used: T— (900 MHz: 6 = 142 mho/m: £ = 39.5; p = 1000 ke/m”
Phantom section: Flat Section
Measuremenl Standard: [DASY S ([EEETEC/ANSI Co3.19-2007)
DASY 52 Contiguration:
= Probe: ES3DV3 - SN3205: ConvE(2.01, 5.01, 5.011: Calibrated: 29.04.201 |
= Sensor Surface: 3min {Mechanical Surface Detection)
= Electronics: DAES Sn601; Calibrated: 04.07.2011
»  Phantom: Flat Phanom 5.0 (fronc); Type: QDIOOPSOAA: Serial: 1K1

v DASYSZ2 52 0.20482) SEMCAD X 14.4.5(3634)

Dipole Calibration for ITead Tissue/Pin=250 mW, d=10mm/Zouin Scan (7x7x7 )/ Cube 0:
Mcasurement grid: dx=5mm. dy=5mm, dz=5mm

Raterence Value =97.320 Vim; Power Drift = 0.04 dB

Peak SAR (exrrapolaied) = 18,403 W/ke

SAR(1 g) = 10.1 mW/g; SAR(10 g) = 5.27 mW/g

Maxninnm value of SAR (measured) — 12,504 mW/z

s

354

7.08

- URE

416

SR

0dB = 12 500mWw/e

Ceanificate No: IQ(‘IGVQ_-EC‘{:DQ Augl| Pape 5ol 8
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Impedance Measurement Plot for Head TSL

16 Aug 2811 15:53:44
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DASYS5 Validation Report for Body TSL

Date: 17.08.2011
Test Laboratory: SPEAG, Zurich, Switzerland
DUT;: Dipole 1900 MHz; Type: DIHIOV2; Serial; DI1900V2 - SN: 5d009

Communication System: CW; Frequency: 190 MHz

Medium parameters used: £ = 1900 MHz: g = 1.57 mho/m; £, = 33,9 p = 1000 kg,.-"[r_:}
Phantom section: Tlat Section

Measwement Standuard: DASY 5 (IEEEAEC/ANSI Ca3.19-2007)

DASYS52 Configuration:
s Probe: ES3DV3E - SN3205: ConvFid.62, 4.62, 4.621; Calibrated; 29.04.2011
+ Sensor-Surface: 3Imm (Mechanical Surface Detection)
« Electronics: DAE4 Sna01: Calibrated: 04.07.2011
«  Phanrom: Flar Phantom 3.0 (back): Type: QLOO0PS0AA; Scrial: 1002

« DASY3S2 52.6.2(482); SEMCAD X 14.4.5(3634)

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

Reference Value = 93.260 V/m; Power Dnlt = 0.02 dB

Peak SAR {extrapolated) = 18457 Wikg

SAR(1 ) = 10.4 mW/g: SAR(10 g) = 5.43 mWig

Maximum value of SAR imeasuredi= 13111 mW/g

L]

346

-18.33

-1136

0 dB = 131 1mW/g

Cerlilicale Ne: D19200Y2-5d009. Aug | | 2age T of A
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Impedance Measurement Plot for Body TSL

17 Aug 26811 416:115:13
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8 Calibration report “2450 MHz System validation dipole”

AL
o u\;r "r-?

Calibration Laboratory of ek
Schmid & Pariner ST
Engineering AG ﬂw

Zeughausstrasse 43, 8004 Zunch, switzerland g \:u‘\
(TR

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Hervirie avizzcro di taraturo
swizs Calibration Servics

Arsraditar by tha Swiss Arcmadiatinn Sanica (SAS) Accreditation Ne.: SCS 108

The Swiss Accreditation Service is one of the signatories to the CA
Multilateral .ﬂ.g!EEn‘leﬂl for the I"mgl'lilitll‘l af calibration certificatas

Client Cetecom

|CALIBRATION CERTIFICATE

Certificate No: D2450V2-710_Aug12

Cihject D2450V2 - SN: 710

Calibration procedure(s)

QA CAL-05.v8
Calibration procedure for dipole validation kite above 700 MHz

Calipration date: August 13, 2012

Ihis calitianion cerificate documents (e raceabllity 10 natlonal slandards, which realize the physical unlis of measuemenls (51).
Tha measursments and the uncerainties with confidence probabiity are given on the following pages and are part of the cerificate.

All calibranions have Dean conductad m tha ciosad |aDoratony Tacisny: envIronment Iemperature (22 £ 5170 and dumiding < 70%.

Calibration Equipment wacd (METE criticaf for calibrotion )

Primary Standards 10 Cal Date (Certificate Mo.) Schoduled Calibration
Mowear matar ECM 4428 CBE7480704 05 Oet 11 (Mo, 217 01451) Ol 12

Fower sensor HE g4a81a LS 2 rdd US0c1-17 [No. 21/-U14a1) o2

Referance 20 dB Atlanualor Sh: 5068 {20k) 27-Mar-12 (Mo. 217-01530} Apr-13

Type-M mismateh combination Sh: 50472 § 08327 27-Mar-12 (Mo, 217-01533) April

Acleicnce Frobe ES30V3 S, 3203 30-Dsc-11 (Mo, ES3-3205_Decii) Dec-12

DAE4 SH 01 27-Jun-12 {MNo. DAE4-601_Jun12) Jun-13

Secondany Standards 1D 7 Chaock Dato (in houza) Scheduled Check .
Power sensor HF tas1 A WY ST U0 ¢ Te-00-U (0 Nouse check Qo11}) In house check: Oct-13
RF genarator R&S SMT-08 100008 04-Aug-29 {in house check Oct-11) I house check: Oot-13
Metwork Analyzer HP B753E LIS37300585 54206 18-0ct-01 {in house check Oiet-11) Im b 12e chiacks Oek-12

Mama Fimrtfinn _{iiunnium
Calibiated by, lsrae El-Maowg Labwatory Techniclan (
| e ey
Approved by: Katja Fokovic Technical Manager

This calibration cerificate shall not be reproduced except in full without written approval of the laboralony.

A

Izgued: Avgust 13, 2012

Certificate No: D2450V2-710 Augl2

Page 1oi8
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Calfbration Laboratary of

5 Bchweizerischer Kalibrierdienst
Schmid & Fartner Service suisse d'$talonnage
Engiﬁeering AG c Servizip svizzern di taralura
2ewghousstrasse 43, B004 Zurich, Switzerland s Swiss Calibration Service
Accredited by the Swiss Accreditation Sarvica {SAS) acereditation Me.: SCS 108

The Swiss Acercditation Service is one ol the signalones Lo the EA
Multilateral Agreemeant for the recagnitian of salibralivn cedificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NOAM x,v,z
MN/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 Technigues®, December 2003

b} |IEC 62208-1, "Procedure to measure the Specific Absorption Rate {SAR!} for hand-held
devices used in ¢lose proximity to the ear {frequency range of 300 MHz to 3 GHz)",
Febrruary 2005

¢} Federal Communications Commizsion Office of Engineering & Technology (FCC OET]),
*Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds, Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Badiofreguency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d}y DASY4S System Handbook

Methods Applied and Interpretation of Parameters:

»  Measwrement 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 FParamelers with T5L: The dipole is mounted with the spacer to position its feed
point exactiy below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

+  Foed Point fmpedance and Return Loss: These parameters are measured with the dipole
positionad under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connectar to the feed point. The Return Loss ensuras iow
reflected power. No uncertainty required.

« Electrical Defay: One-way delay between the SMA connectar and the antenna feed point,
Mo uncertainty required.

+  S5AR measured: SAR measured at the stated antenna input power.

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

» 3AR for nominal TSL parameters: The measured TSL parameters are used to caloulate the
neminal SAR result.

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

Cedificata Na: D2460VI-710_Augi2 Fage 2ol &
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Versicn DASYS VE2 8.2
Extrapolailion Advanced Exlrapolalicn

Phantom todular Flat Phaniom

Distance Dipale Center - TSL 14 mem with Spacar

Zoom Zcan Aesclution dx, dy, dz =5 mm

2450 MHz + 1 MHz

Fraguency

Head TSL parameters
The following parameaters and calgulations were applisd,

Temperature Permittivity Conductivity
Homingl Head TEL parameters 22.0°C 392 1,80 mhofim
Measured Head TSL parameters (Rad 0.2 "0 392+6% 1.81 mhofm = 6%
Head TSL temperature change during test <05 ---- ----
SAR result with Head TSL
SAR averaged over 1 ¢cm’ {1 g) of Head TSL Condilicn

SAR measurgd 250 W inpul power

129 mi /g

SAR for nominal Head TSL parameiess normalized o 1W

51.5 mW fg = 17.0 % (k=2)

SAR averaged over 10 em® (10 o) of Head TSL cohdition

BAR measured 250 mW input power

B0 My A g

SAR for nomingl Head TSL parameters normalized to 1W

24.0 m\W Jg £ 16.5 % (k=2}

Body TSL parameters

The fellowing pararmeters and calculaticns wera applied.

Temparature Permittivity Conductivity
Naominzl Body TSL parameters 220C 52.7 1.85 mho/m
Meazured Body TSL parameters (220+02)"C 51.3+6% 1.98 mhw/m = 6 %
Bady TSL temperature change during test =05
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g)of Body TSL Conditicn
SAR measured 250 mvy inpul power 13.0mW /g

SAR for neminal Body TEL parametars

normalized 10 1W

1.2 mW /g £ 17.0 % (k=2)

SAR averaged aver 10 sm’ {10 g) of Body TSL

conditicn

SAR measurad

260 mwY input power

503mn /g

SAR for nominal Body TEL parameters

navmalizad to 1W

23,9 mW { g + 16.5 % {k=2}

Canificata No: D2450v2.710_Augl1z2

Page 3ot &

Page 66 of 89




Annex E to Test report no

1 1-4254/12-73-02-B CE T _ECOM .
L

Appendix

Antenna Parameters with Head TSL

Impedance, transformed to feed paint

5240 4+050

Return Loss -323dE
Amtenna Parameters with Body TSL
Impedance, transformed te feed point 496 L+ 2.7
Return Loss -31.4 diB
General Antenna Parameters and Design
I Electnical Delay (ene direclion) 1.156 ns

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

The dipole is made of slandard serningid coaxizl cable, The center conductor of the fzeding line is directly connectad to the
second arm of the dipale, The antenna is therefore shoert-cireuiled for DC-gignals. On some of the dipoles, small end caps
are gdded to the dipole arms in cider to improve matching when [oaded accarding to the posilian as explaned in the
"Measurement Condilicns” paragraph. The SAR data are not affected by this change. The overall dipole tength is still

according to the Standard,

Mg gacessive force must be applied 1o the dipole anms, because they might bend of the soldered conneclions near lne

feedpaint may be damaged,

Additional EUT Data

Manutactured by

SFEAG

Manufactured on

July 05, 2002

Cerificate Mo D2450V2-710_Augi2
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DASYS Validation Report for Head TSL

Date: 13.08.2012
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 710

Communication Systcm: CW; Frequency: 2450 MIlz
Medium parameters used: f = 2450 Mllz; o = 1.§1 mho/m; & = 39.2; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2007)
DASYS2 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(4.45, 4.45, 4.43); Calibrated: 30.12.2011;
¢ Sensor-Surface: 3mm (Mechanieal Surface Detection)
= Electronics: DAE4 Sn601; Calibrated: 27.06.2012
o Phantoin: Flat Phantomn 5.0 (frong); Type: QDOUOPS0AA; Scrial: 1001

¢ DASYSZ 52.8.2(9069); SEMCAT X 14.6.6(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid; dx=5mm, dy=5mm, dz=3mm

Reflerence Value =99 363 V/im; Power Drilt = 0.01 dB

Peak SAR (extrapolated) =26.515 mWi/ig

SAR(1 g} = 129 mW/p: SAR(10 2) = h01 mW/g

Maximum value of SAR (measured) = 16.6 Wikg

-9.60
14.40

“149.20

-24.0n

0 dB = 16.6 Wikg = 24.40 dB W/ke

Certificate No: D2450V2 710_Augi2 Pogec 5cf &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 13.08.2012

‘Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz: Type: D2450V2; Serial: D2450V2 - SN: 710

Communication System: CW; Frequency: 2450 MHz

Medivm parameters used: (= 2450 MHz: 0 = 1.99 mho/m: €, = 51.3; p = 1000 kga’m'
Phantom section: Flar Scction

Measuremenl Standard: DASY S (IEEL/EC/ANSI C63.19-2007)

DASYS2 Configuration:

Probe: ES3DV3 - SN3205; ConvF(4.20, 4.26, 4.26), Calilnated: 30.12.2011,
Sensor Surlace: 3mm (Mechinical Surface Detection)

Electromics: DAL Sn601:; Calibrated: 27 06,2012

Phantom: Flat Phantom 3.0 (back); Type: QDOOOP30AA; Serial: 1002
DASYS52 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipole Calibration for Body Tissue/Pin=250 mW. d=10mm/Zoom Scan (7x7x7)/Cubc (:
Measurement gridk dx=5mm, dy=3mm, dz=3mm

Reterence Value =95 331 Vimg Power Dnlt =001 dB

Peak SAR (extrapolated) = 26.640 mW/p

SAR(1 g) = 13 mW/g; SAR(10 g) = 6.03 mW/g

Maximum value of SAR (mcasurcd) = 16.9 Wikg

-14.40

15.20

24.00 R
0 dB = 10.9 Wkg = 24.50 dB W/kg

Ceriificate No: D2450V2 T10_Augi2 Page 7of 8

Page 70 of 89




Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM™

Impedance Measurement Plot for Body TSL
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9 Calibration report “5GHz System validation dipole”

Note: extended calibration interval (additional antenna parameters see behind calibration document pages)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughavssirasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swilss Colibration Berviee

Accredited by the Swiss Accreditaton Servics (3A3) Accredilation No: SCS 108
The Swiss Accraditation Service is ona of the signatariss to the EA
Multilateral Agresment for the racognition of calibration certificates

Client Cetecom Certifizate No: D5GHZ-1055_Aug11
|CALIBRATION CERTIFICATE

Chject D5GHzV2 - SN: 1035

Caibrarion procedurals) QA CAL-22.v1

Calibratinn procedura for dipole validation kits hetwesn 3-8 GHz

Calibration date: August 22, 2011

This cafibration certlicale documants hw lenszability W nationsl s.andands. which realize the physizal Lnits of measuremants (SI).
Ine measuremerls and the uncerta nfizs with confidence probabd ity ars given on the follwing pages and are part of the cartificate

All cafibrations hava boon conducted in the closed Isbamiory faol ty; smeronmant temperature (22 = IFC and bumidity < 70%.

Calitrabon Equipmant used (METE coitical for calibration;

Primary Standards D 4 Czl Cate (Cartilicais No.) Scheduled Calibration
Powar mizlar EPM-4428 GB37480704 CE-Ct-10 Mo, 217-C 1265 Oct-11

Power senssr H2 B431 4 US37202763 CE-Oot- 10 M. 217 C19RR) it

Retaranca 20 dB Attenuatar SN 086 20q) E%-Mur-17 (Mu. 217-013268) Apr-12

Tyre-N mismatch combinaicn SK: G472/ NFAFT FO-Mar-11 Mo P17-01371) Ape-12

Rafaranca Probe EX30W S, 3503 C4 Wur 11 (Mo, EX3-3503_Marl 1) Mar 18

DAE4 SM: 801 Cd-Jul-11 {No. DAZ4-60 | _Jull 1} Ju-12

Sacondary Standards |C Ctacs Oate tin house) Scheduled Checy
Porwerr sensor HP 84818 =MY41-JB‘£31? 18-0et-02 fin 1ouse check Oct-08) In house check: Sot-11
HF geneiator B&S SMT 06 100005 4-Aug-29 {in house caock Oc-28) In hauss check: Ook-11
Melwurk Analyzer HP B753E | Us47aB0s85 4206 18-0c1-07 fin ouse check Oot-10) In house check: Oct-11

Kame Function S niﬂ.n‘c
Calibrated by: Claudis Leubler Laboratory Techniclan
ﬂm A
oo
Approaed hy Kztja Pokavic Tochnicol Manogor e

ImsUed: AugusT 23, 2011

This calfbration cenificals shall net ba raproduced except in full withou: witten approval of the lebaratary.

Gartifizara No: ThGHz-1055_Aug11 Page 1of B
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Faughavsstrasse 43, 800 Zurich, Swilzerland

Schweizerischer Kalibrierdiznst
Setvice suisse d'elalonnage
Servizio svizzera di taratura
Bwiss Calibration Serviec

Accreditad by the Swiss Accreditetion Servize (A5 Accredilation No.: SCS 108
The Swiss Accreditation Service is ona of the signatories to the EA
Klultilateral Agreemant for the recognition of calipration certificates

Glossary:

TS tissue simulating liguid

ConvF sensitivity in TSL/ NORM x.v,z
MN/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a; IEEE Std 1528-2003. “IEEE Recommended Praclice lur Delenmining Lhe Peak Spalial-

b)

Averaged Specific Absomption Rate (SAR) in the Human Head from Wirgless
Communicalions Devices: Measurement Technigueg”, December 2003

IEC 62203-1, "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

Fedaral Communications Commission Office of Engineering & Technelogy (FCC OET),
“Cvaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Campliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edilion 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurament Conditions: Further details are available from the Validation Report at the end
of the ceriificate. All figuras stated in the certificate are valid at the frequency indicated.

Antenna Parametlers with TS5L: The dipole is mounted with the spacer to position its feed
point exactly below the centar marking of the flat phantom section, with the arms oriented
parallel lo lhe body axis.

Feed Point Impadance and Relurn Loss: These parameters are measured with the dipole
positioned under the liguid filled phanlom. The impedance siated is transformed from the
measurement at the SMA connector to the feed paint. The Return Loss ensures low
reflected power. No uncertainty required.

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

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

SAR nonmalized. SAR as measured, nurmalized o an inpul power of 1 W at the antsnna
conneclor.

SAR for nominal TSL parameiers. |he measured | 5L parameters arc used to calculate the
nominal SAR result.

Certificate Mo NEGH2-1055_Aug11 Page 20l 8
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Measurement Conditions
DASY system conliguralicn, as far as not given or page 1.

DASY Version DASYS V52.6.2

Extrapolation Advanced Exsrapolation

Phaniom Kardular Flat Phantom V5.0

Distance Dipole Center - TSL 12 mm with Spacer

Zoom Secan Resolution dy, dy =4.0mm, dz = 1.4 mm Gradec Rafio = 1.4 (£ draction)
5200 MHz = 1 MHz

Frequency 5300 MHz £ 1 MHz
5800 MHz + 1 MHz

Head TSL parameters at 5200 MHz
Tre following sarameters and celoulations were applied.

Temperature Permittivity Conductivity

Naminal Head TSL parameters 2e0C 36.0 4.66 mho/m

Measured Head TSL parameters (22.0+0.2)°C 35.7+6% 4,48 mhofm £6 %

Head TSL lemperature change during test =05°C D =
SAR result with Head TSL at 5200 MHz

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

SAR measured 1003 mW input power 7.75miW /g

SAR for nominal Head 151 parameters normalzed to 1W FTramw g + 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL I conditior

SAR measued 130 mW Input power 221 mwW /g

SAR for nomina Head | SL parameters ncrmalized to 1W 22.0 mW /g = 16.5 % (k=2)
Head TSL parameters at 5500 MHz

Thz following paramerems and calculations were appliad.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 5.5 446 mho/m

Measured Head TSL parameters (22.0 £0.2)°C BI2E % 4.3 mhofm £ € %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL at 5500 MHz

SAR averaged over 1 em® (1 g} of Head TSL Gonditon

SAR measuned 100 WY noul power 14 mW iy

SAR for nominal Head TSL parameters normelized to 1W 811 mW/ig=17.0 % (k=2)

SAR averaged over 10 em® {10 g) of Head TSL conditian

SAA messurad 100 MW input power 231 mWig

| SAR or nominal Head TSL paremaiers nomralized tc 1W 23.0 mW / g = 16.5 % (k=2)

Certificata MNo: DAGH7-1055_A1g11 Page 3 of R
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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 151 parametas romalized to 1W 754 mW/g=17.0 % (k=2)

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

3AR measured 100 mW inpul power 214 mW /g

SAR for nominal Head TSL paramrctars normalized to 1W 21.3 mW/ g=16.5% (k=2)
Cerfificate No: [¥GHz2-1025_Aug™1 Page d of 8

Page 75 of 89



Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM
———

Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedarce, transfarmed to feed point S1.041-B9j

Helum Liss -21.1dB
Antenna Parameters with Head TSL at 5500 MHz

Imp=adance, transformed o leed poinl 21 6-49)0

Return Loss -28.5dB
Antenna Parameters with Head TSL at 5800 MHz

Impedanice, transtormed to feed point Mea-180

Return Loss - ZE.0 dB
General Antenna Parameters and Design

Electrica Delay {ona direclion) i 1.203 ns

Alle luny e wse with  OOW radiared powsr, only & shight wemming of the dipole near e teedpoint 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

Manufaciured by

SPEAG

Manufaciured on

June 09, 2006

Cartificate No! Na5Hz-1055_Augil FPageSofg

Page 76 of 89




Annex E to Test report no.: 1-4254/12-73-02-B CETECOMTM
W

Antenna Parameters with Head TSL at 5200 MHz

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 51.0Q - 8.9jQ 54.50 -4.3/Q
Return Loss -21.1dB -28.2dB

Antenna Parameters with Head TSL at 5500 MHz

From cal. data Measured 2012-09-03
Impedance; trsgiiormed to feed 52.1Q - 4.9/Q 50.0Q -3.9jQ
Return Loss -25.6dB -27.0dB

Antenna Parameters with Head TSL at 5800 MHz

From cal. data Measured 2012-09-03
Impedance; trsgi?;ormed to feed 54.90 - 1.8)0 48.3Q -1.4i0
Return Loss -26.0dB -22.9dB
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DASYS Validation Report for Head TSL
Dare: 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 - SN35303: ConvFi3.41, 5.41, 541, ConvE4.91, 4.91, 4.91}, ConvF(4.81, 481,
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=1.4mm (8x8x7)/Cube 0: Measurement grid: dx—dmm. dy=4mm. 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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—i-10.00

0dB = 13.82{mW/e

Cartificate Nn: DhGHz-1055_Augil Page 7of 8
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Impedance Measurement Plot for Head TSL
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10 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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11 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineeiing AG
Zeughausstrasee 43, 3604 Zyrich, Switzerdana

Accredited by the Swiss Accrodnation Sarvice (SAS)

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

Ateredilation Mo.: SCE 108

The Swiss Accredilalion Service is one of the slgnaiaries to fie EA
Mullifaleral Agréemant tor the reccgnilion o calibration cerfilicates

Client Cetecom

Certiicate No: DAE3-477_Mayl2

|CALIBRATION CERTIFICATE

et DAE3 - S0 000 D03 AA - SN: 477

Calibration procedursls) QA CAL-06.v24

Caharalen date: May 0%, 2012

Lalibratian Equipmenl irsce (MATE critical for calibration)

Calibration procadure for the data acquisition electronics (DAE)

Th's calibraion cenificate thacunions 1M Iriceal ity ko naticnal standards, waen real2e e physecal unis of measdramans [S1.
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12 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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13 Application Note System Performance Check

13.1 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.

13.2 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.

13.3 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
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% + 3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 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% 1+ 0.6% 0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% 0
Response time + 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
Integration time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 +1.7% +1.7% 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 1+ 0.2% 1+ 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 1+ 0.6% 1+ 0.6% 0
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% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+5.0% Rectangular [V3 [0.6 [0.49 [£1.7% +1.4% ©
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 |0.49 |£1.5% +1.2% o0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty

Page 86 of 89




Annex E to Test report no.: 1-4254/12-73-02-B

CETECOM
s

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
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 0
Hemispherical isotropy 1+ 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 0
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 0
Integration time 1 0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
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% 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% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% o0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% o0
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 049 |£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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13.4 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:

dit.
. idB v
Signal Low cable
Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
Artl

&) —==
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) 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:

+ 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.

+ The directional coupler (recommended * 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.)

* 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.

» 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.

+ The power meter PM1 and attenuator Att1 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 Att1 and
calibrate the attenuator with the coupler.

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

13.5 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.

13.6 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:

» 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.

+ 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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