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Tissue Parameters

Recipe for liquids below 1 GHz:
Water 35-58%

Sugar 40-60%

Salt 0-6%
Hydroxyethyl-cellulose <0.3%
Preventol-D7 0.1-0.7%

Recipe for liquids above 1-3 GHz:
Water 52-75%

DGBE 25-48%

Salt <1.0%

SAR measurements were made within 24 hours of the measurement of liquid parameters. Relative
permittivity and conductivity are within £5% of the target.
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850 MHz Body Liquid
Relative . .
Temp |Frequency| Permativit | Conductivity Conductivity
Date (OC) (MHZ) y (S/m) _ 1.04 1 —— Target Liquid
824 53553 0.9429] | £ 102 * valee
825] 53.5173 09442|| z. ! = | Liuid
826] 53.5269]  0.9462| | & oo f% — 50 Liquid
827]  53.5101 0.9476] | & (04 s - Tolerance
835  53.4087 0.9607| | S 0.92 ~—T 2014/05/30
2014/05/30] 21 836 53.3945 0.9627 0.9
837]  53.3877 0.9645 820 840
846 53.333 0.9796 Frequency (MHz)
847 53.3334 0.9811
848 53.3288 0.9826 Permittivity
849  53.3256 0.9845 59 e
"S 58 * Valﬁe ¢
£ 57
'§ 56 —t— 5% Liquid
= Tolerance
S 55 4‘“
; 54 =——-5% Liquid
= “— Tolerance
s 53 =
& 5 4 2014/05/30
51
820 840
Frequency (MHz)




CETECOM
g

FCC ID: 2ABUE-BP100-2-2-1

IC Cert. No.: 11915A-BP100221 SAR Test Report - Appendix C - Misc Page 3 of 46
P PP
1900 MHz Body Liquid
Relative
Conductivit
Temp |Frequency| Permativit | Conductivity oncuctivity
Date °0) (MHz) y (S/m) XH_ —— Tarlget Liquid
= Value
1850 54.1432 1.5058 g 1.57 . == 5% Liquid
1855]  54.1067 1.5124] | . Tolerance
.‘E 1.52 ——-5% Liquid
1860 54.0867 1.5209 5 Tolerance
1865  54.0704 1.5296] | 8 |47 201405530
1870 54.0688 1.5362| | S ===2(14/06/11
2014/05/30| 20.6 1875 54.0551 1.5446 1.42
1880 54.0467 1.5529 1845 1895
1885 54.0428 1.5604 Frequency (MHz)
1890 54.0436 1.5682
1900 54.045 1.5829 Permittivity
1910 54.0349 1.5955 iy S
1850  53.7887 1.4806 | £ s Value
1855]  53.7717 14927) [ £ | NN v Liauid
1860 53.7586 1.5034 E 53 =——_5% Liquid
Tolerance
1865 53.7689 1L5125) | 2 201410530
1870 53.7811 1.5234] | 2 51
2014/06/11| 22 1875]  53.8049 1.5322| | & “ 20106
1880]  53.8257 1.5387 1845 1895
1885 53.8476 1.5443
Frequency (MHz)
1890 53.8648 1.5477
1900 53.8754 1.5525
1910 53.8414 1.5539
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Test Equipment
SAR 3 Lab
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
. F11/5G2MA
Robot Staubli TX90 1/C/01 N/A N/A
SAM Twin SPEAG SM 000 TO1 DA 1637 N/A N/A
Phantom
SAM Twin SPEAG SM 000 TO1 DA 1638 N/A N/A
Phantom
Elliptical Phantom SPEAG QD OVA 001 BB 1124 N/A N/A
Software SPEAG Dasy52.6.2.482 N/A N/A N/A
Device Holder SPEAG SD 000HO1 N/A N/A N/A
Data Acquisition SPEAG DAE4 1266 2011/05/30 | 2014/05/30
Electronics
SAR Probe SPEAG ES3DV3 3244 2014/3/19 2015/3/19
SAR 4 Lab
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
. F11/5GW9A
Robot Staubli TX90 1/A/01 N/A N/A
SAM Twin SPEAG SM 000 TO1 DA 1639 N/A N/A
Phantom
SAM Twin SPEAG SM 000 TO1 DA 1640 N/A N/A
Phantom
Elliptical Phantom SPEAG QD OVA 001 BB 1125 N/A N/A
Software SPEAG Dasy52.6.2.482 N/A N/A N/A
Device Holder SPEAG SD 000HO1 N/A N/A N/A
Data Acquisition SPEAG DAE4 1265 2013/06/11 | 2014/06/11
Electronics
SAR Probe SPEAG ES3DV3 3260 2014/3/19 2015/03/19
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Shared Equipment
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
900 MHz Body SPEAG MSL 900 110518-7 5/30/2014 N/A
Tissue Simulant
1900 MHz Body 5/30/2014 —
Tissue Simulant SPEAG MSL 1900 100824-3 6/18/2014 N/A
835 MHz Dipole SPEAG D835V2 4d155 2013/6/6 2014/6/6
1900 MHz Dipole SPEAG D1900V2 5d172 2013/06/10 2014/06/30
Network Analyzer Agilent FieldFox N9923A | MY51491621 2013/06/21 2014/06/21
Directional coupler Werlatone C6529 11249 N/A N/A
RF Amplifier Vectawave VTL5400 N/A N/A N/A
Diclectric SPEAG DAK-3.5 1023 2012/02/20 2014/02/20
Measurement Kit
Synthesized CW Agilent 8371213 US37101255 N/A N/A
Generator
Power Meter Agilent E4419B MY45101996 2013/06/03 2015/06/03
Power Sensor Agilent E9300A MY41498484 2013/06/04 2015/06/04
Power Sensor Agilent E9300A MY41498492 2013/06/04 2015/06/04
Radio
Communications Rohde & CMU 200 101821 2013/06 2015/06
Tester Schwarz
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Equipment Calibration/Performance Documents:

Attached:

SAR Probe ES3DV3 Calibration Report
835 MHz Dipole Calibration Report
1900 MHz Dipole Calibration Report
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Calibration Laboratory of 2L, 2
Schmid & Partner =) g ittt
El'l'gi'l"laeril'lg AG S ﬁ Servizio svizzers di taralura
Zrughausstrasse 43, 8004 Zurich, Switsarland e S fwine Cailiication Ssrvice
bkl
Accredied by the Swiss Accreditabon Service {SA5) Accreditation o SCS 108
The Swiss Accreditation Sendes is one af the signalordes b the EA
Muliflabaral Agresment for the recognition of calibratlon certificates
ciens  Cetecom USA Curtificate No: ES3-3244 Martd
|CALIBRATION CERTIFICATE |
|
Dbject ESSDV3- SM:3244
Calibration procedurada) QA CAL-07.v9, QA CAL-Z30E, OA CAL-250E

Calibration procedira for desimatse E-field probes

Calibration dase: March 19, 2014

This calbration carntificate documants the iracesbdily 1o national standands, which realize the physical wits & measunemants (51),
Tha masauremails s he incertanties with confidence pronahiity ere green on ke Tollowing pages and ae pan of ihe canfificals

Al calibralioes have baen conducted in the closed |labormsary faciliy: anvioomant tempanature (72 £ 5°0 and homidiy < T0%.

Calibralion Equpment usad (METE cricad far catibration)

[ Pnmary Standards o Cal Diato {Cartifcats e | | Schaduied Caltwatan
Powar metar E44138 | GBd1203874 d-Apr1 3 dia, 21701733} Apr-A4
Praar ganger EA412A | wvd14EE087 Dd-mpre1 3 dia, 21704733} Apr-14
Hid 308 Atenualor | SH 55054 (3g) fd-Apr-1 2 (o, 21701747} RN T
Refarance 2 di Atrenuiator SN SEITT (20x) [d-Apr-13 {ha. 21701735} fpr-14
Refarance 30 di Atteraator SH 55129 (30 Od-Apr-13 {ha. 21701730} Augr- 14
Refarance Probe ES30VZ L 30-Dhep-13 (Mo, ES33013_Dectd) Doc-14
DAHES SH GED 13-Dai-13 (Mo, DAE4-B80_Dec13) Dhec-14
Secondary Standards i Chack Date {in houss) Sehaduled Check
AF generalor HP BELEC U SEE4R T A-Aug-59 [in hoisa check Apr-13) n ":E'"_%P.E"“" Apr-16
Metwok Analyrer HP BTSIE USSTA050E JE-Dct-01 din house chec Oct-13) In horisa- check: Ool-14 -
~ Mema Furction Signdtars |
Calibrated by Ciaie Laubier Labirainy Techrcian 'l B\
e
-

Agproved by Kanljas Pokizic Tachnicad Managnr ’m

Issusd: March 20, 2004

Thes calibration cedtificale shall not be recroduced excepd in full withcut weitten aponoval af ta laboratony

Cortificabs Mao: ES3-3244 Marld Page 1 of 12
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Calibration Laboratory of Y g  Schwelzerischor Kalibrierdsenst
Schmid & Partner ] C Service suisse d'étalonnage

Engineering AG g Sarvizin svizzara di taralura
Zoughaussirasse 43, 8004 Zurich, Switzectand R S guiss Callbration Sarvice

Ly T, ol
Mecraditad by tha Swies Accreditation Sanvcs (SAS) Accragitation Mo SCS 108
This Swiss Accreditation Servico is ono of the signatories to tha E&
Multilateral Agreamant far tha recognition of calfration certificates
Glossary:
TSL tigsue smulating guid
NORMx.y,z sersillvity In free space
CanyF sersilivity in TSL NORM:xy.z
[l diode compressaon point
CF crest factor (1/duty_cycle) of ihe RF signal
ABCD rnedulation depardent linearizabon parameters
Potarization p protation arcwnd arobe axis
Polarzation & 4 rotation arcund an axis that ls in the plane normal o probe axs (3l measumement center),
l.e., 8 =10 is normal to probe axis

Connectar Angle infoemation used in DASY system to align probe sensor X o the robot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommendad Practice for Datermining the Peak Spatial-dAveraged Specific
Absorption Rate (SAR) in the Huran Head from Wirelesa Communications Devees: Measurament
Technigues”, June 2013

by IEC B2208-1, "Procedure o measure the Specific Absonpton Rate (SAR) for had-neld devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:
«  NORMxy, 2 Assessed for E-field polarization & = 0 (f = 900 MHz in TEM-cell; T 1800 MHz: R22 waveguide)
NORMxy.z are only iniermediate values, ie., the uncarainties of NORMx v,z dees not affect the Eeld
uncartainty irside TSL (ses below ComvF).

«  NORM(fx.yz = NORMz.y,z = frequency_response (see Frequency Response Charl), This linearization is
implemented in DASYS software varsions kaler than 4.2, The unceriainty of the Fegquency responsa is included
in the stated uncertainty of ConwF,

= [DUPx .2 DECP are numancal Iineanzation paremelers assessed based an the data of power swesp with CW
signal (o unceriainty required). DCP does not depend on frequency nor media.

+ PAR: PAR s the Peak to Average Rabio that ks not callbrated but determined based on the signal
charactaristics

o Ay Bxpz Cxpz Depz VReyz A, B, C, D ara numerical Bnearization pammatars assessed basad on
the cata of power sweep for specic modulation signal. The parameters do not depend on frequency nor
media. VR s the maximum calibralion range expressed in RMS valtage across the diode.

®  LonvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for { < 300 MHE2) and inside wavegusde using anahdical field distributions based on power
measuremnents for f = B00 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typscal uncertainty values are given. These parameiers are
used in DASYS softwaie lo improws prabe accuwracy close 1o the boundary. The sensitivity in TSL cormespands
to NORMy, .z * ConuF whereby the uncertainty comesponds 16 that given for ConvE. A Trequency dependent
ConvF is used in ASY version 4.4 and higher which aliows extanding the: validty from + 50 MHz to £ 100
MHz,

«  Sphencal soltropy (30 deviabion fror iscdropy): in a field of low gradsants realized using & flat phantom
axpasad by a patch antanna.

=  Senzor Ofzet The sancor offesl comeeponde o the offeel of virual measuremant cantar from the probe tip
{on probe axis). No tolerance required.

«  Connector Angle: The angle is assessed using the information gained by detemining the NORMx (no
uncertalnty required).

Cerificats Mo: ES3-3244_Mari4d Page 2 of 12
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ES30WE - BM:3244 March 19, 2014

Probe ES3DV3

SN:3244

Manufactured:; May 5, 2009
Calibrated: March 19, 2014

Calibrated for DASY/EASY Systems

[Mote: non-compatible with DASY 2 systeml)

Catificade Mo ES3-3244 Marid Papa 3 of 12
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ES3DNVA- SN:3244 March 19, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3244

Basic Calibration Parameters

Sensor X Sensor Y Zensor 2 Unc (=2}
Morm {phitvim) " 131 1.33 1.3 £ 0.1 %
DCP {mv)™ 9.5 108.1 102.0 =
Modulation Calibration Parameters
[T1]i] Communication System Name A B C o VR et
dB | By dB v (h=2}
] cw X [ 0.0 1.0 000 | 2186 | $35%
¥ 0.0 oo | 10 2Z1E
= 2z [T 1.0 2178
gg'- UMTS-FOD (WEDMA] X | 325 6.2 178 | 281 | 1488 | 0.7 %
Y a.1a 66,9 18,3 138
B Z | 338 A7.6 18.0 1405
é{;ﬂgt- | GEM-FDD ({TOMA, GMSK) X 811 843 230 939 126 +2.5 %
i 86T 84,9 222 1256
[z | w05 A 5.3 149.4
’IDE".E:-I- GPRS-FOD (TOMA, GMSK, TH 0-1) X .01 FER] FEL] [ 136 3 +2 5 i
¥ | 2537 96.2 254 146
o Z | 3055 98.9 25.2 1317
10027- GPRE-FOD [TOMA, GMSK, T (-1-2) b A4 40 90,9 235 4 a0 12714 1.7 %
DAE
| ¥ | 4234 98,5 227 17 E
Z | 3582 98.8 237 1248
Eﬂga GPRSFOD [TOMA, GMSH, TN 0-12-3) | % | 48.50 100.0 227 355 | 1351 | #1.9%
¥ | 8101 1000 213 ECH]
z | 4347 an,7 204 1342
ét‘]htgﬂ- COMAZO00 (1aFTT, RG] X | sea 5.5 180 | 387 | 1421 | 04%
¥ 3,70 GGG 1.0 G
& 399 66,7 18,0 142.8
10100- LTE-FOD [SC-FOMA. 100% RB,20 w £33 BEO 103 567 W3 | TR
AR MHz, QPS5
i 5.39 67.9 169.9 1476
o Z | w46 | ery | 194 1416
10103 LTE-TOD (SC-FOMA, 100% RB, 20 % 050 73.3 4.8 [F ] 126 | 30%
_CAB MHz, GFSK)
e .04 723 25.1 129.6
3 026 732 24.0 12632
10108 LTE-FDC (SC-FDMA, 100% RB, 10 * B.25 GBE.8 183 5.80 1377 1.4 %
CAR MHz PSK)
¥ £.25 BT.4 40.8 146.6
F 4 6.30 A7.2 18.8 1383
10151- LTE-TOD {SC-FOMA, B0% RE, 2 MHz, # B.IB 75.0 259 823 149.8 +3.3 %
CAR DPSkK)
¥ EAT 724 24.8 1249
Z D42 T4 750 1477
1015 LTE-FDICr I'EC.J-I"UMH. oU% RE, TJ RMELE, x 5.a2 fA.1 18.0 .54 T38.L 1.8 %
CAR QPSH) S— - —,
¥ 5.B1 GB.4 10,2 424
Z | sar 86,7 198 1358

Carificeta Mo ES5-3244_Marid Page 4 of 12
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ESADVA- BM:a244 March 19, 2014
10764- | LTE-FOD (SC-FOMS, 1 RB, 20 M-z, X | 4894 B6.2 | 183 | 573 | 1380 | 214
CAR QPSK)
¥ | 487 | &7 18,4 145.7
. Z | 4m BT 10.8 1375
10172- LTE-TDD {SG-FOMA, 1 BB, 20 MHz, X a8 758 265 9,21 137.3 £3.0%
| CAB oPsK)
¥ .63 7T 277 130.2
| z 760 756 2.6 133.2
1 TE- LTE-FED (SC-FDMA. 1 RE, 10 MHx=, X 405 BE.2 183 572 136.9 +1.4 %
CaB QPSK) B
| ¥ | 4E8 B7.1 19.9 1440
o Z| 487 B6.7 16,8 1355
10287- | LTE-FOD (SC-FOMA 5% RB, 20MHz, | ¥ | &24 B6.E 18,3 581 1966 | 14 %
L LPSK]
[ ¥ | &3 [ ern? 20.0 1452
Z | &M 7.0 18,7 1365
;TEEL COMAA2000 (1:EV-DO. Rey. 0) ® 456 &T.0 1B.0 376 1813 | w7
¥ | 417 | 693 16,3 1374
£ 476 588 182 | 13148

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the mvera%e factor k=2, which for a normal distribution sorresponds to a coverage
probability of approximately 25%.

* The uncensinties of MamX,¥.Z do not affect tha F*-5akd ancastsnty ingide TSL {aee Pagpas § s T}

B Mumeical Frsarzstion parameter: uhcartaity nck requined

:umld Il'lalﬂh.- ta debamingd usry] e max. deviatian fom near response spolyng rectangular distd buslon snd s aspneesad for the square of the
fizld value

Cerilicals MNo: ES3-3244_ Marid Page & of 12
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ES30VI- Sh:3244 March 19, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3244

Calibration Parametar Determined in Head Tissue Simulating Media

Relative Conductivity | Depth ™ Ungi.
F{MHz)® | Parmittivity” i=m)" CowF X | ComF¥ | ComvFZ | Alpha® | (mm) (k=2)
TS0 41.9 DEs | 44 G.44 .44 0.6z 130 | #120%
B35 | 415 0.90 6.21 .21 £.21 0.42 1.58 $120%
00 | 4.5 0.97 6.03 B.00 .00 0.45 1.52 +120%
1750 | 4041 1.37 5.54 5.54 5.54 0.37 1.71 +12.0%
1900 400 | 140 5.22 522 5.23 0.77 124 | +120%
1950 40.0 1.40 5.03 5.03 503 | 053 145 | +120%
2300 395 | 187 4.93 4.93 483 0.82 1.2 | #120%
2450 39z 1.80 4.56 4.56 4,56 0.78 182 | £120%
2550 38,1 1.91 448 | 448 448 08D 128 | £120%

© Freguancy validity of = 100 MHz only spples Sar DASY wi4 and higher (ses Poge 2}, sten I i resincted 1o+ 50 MHz. The uncerainty is the RES
of e ComF uncanainty. Bl calbration Trequeancy and the uncertainky far 1he Indicated Irequensy band

" At Fequencies below 3 GHz, the valdty of tissue paramsaiens (rand o) can be rélaxed o £ 10% @ boud compansalion Tonmiuis & appbad o
maasurad SAR valses, Al frequendes above 3 GHz, he valdty of issus peremebers (o and o) @ resticted o = 5%, The uncerdsinty i@ e RES of
the ComvF uncerainty for indicated larget issue parametars.

% Alpha Degth are detammined durirg calibiation, SPEAG warnans (hat (e reraining deviation dus 10 ihe boudary affect after compensation i
atways bass han + 1% tor frequences below 3 GHz and balow + 2% for frequancias batwean 36 GHz at any distance farger than half tha prabe i
digmgtesr from the houndary

Certificats No: ES5-3244_Mar 14 Pege 6 of 12
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ES30W 31— BN3244 March 19, 3014

DASY/EASY - Paramelers of Probe: ES3DV3 - SN:3244

Calibration Parameter Determined in Body Tissue Simulating Meadia

f {MHz) © p..;“ﬂﬁff.,r ﬂ”TQ'F‘m‘fr'"’ ConvEX  ConvFY | ComvFZ Alpha ® D;ﬂ;n {L‘I‘rg]
750 55.5 0.96 G20 6,20 6.20 .73 1.20 +12.0 %
535 55.2 0.a7 6.15 | 5.15 6.15 040 1.70 +12.0 %
00 55.0 1.056 6.0 501 .01 052 1.47 120 %
17 EE) 1.48 4.87 4.87 4.87 0.58 147 +12.0 %
1800 53.3 1.52 466 4 66 4,608 0.55 1.56 +12.0 %

1850 533 1:52 477 477 | 477 0.47 178 | +12.0%
2300 52.9 1.81 444 444 4.44 0.7m 147 | £120% |
2450 2.7 1:95 4.24 424 4.24 .80 1.03 120 %
2550 546 2.09 4.15 4.15 415 | DET 1.4 120 %

© Fraquency velidity of + 100 MHz anly appies for DASY vi 4 and higher (see Page 2|, sfse it I8 restiicled 10 4 50 MHz Tha uncerainty ks the RES
ol the Gom uncerainty al calbraton frequency and i uncanainty 1or the indicated freguancy band

" AL Wanuencess below 3 GHE, the valicily of lEsus paramsalers (= and ) can be delged o = 105 1 Iguad comoeraaton omis & appisd o
maasured SAR values. At frequences abose 3 GHz, he validity of issue parametss (cand o) = restinched to @ 8% The uncerl=inty is the RSS of
the CanvF urcadardy for indicabed target fEsue phramehen.

“ AlphatDaplh are detaimined durng calibrafion. SPEAD warranis Tal the remaining dediation dus 1 1ha boundany eflecl afar coempensalion &
atways &ss than + 1% for frequenoes halow 3 GHz and balow + 2% for fragusncies bebeeen 3-5i GHz ai any distanca dargar than hall ihe praba ip
dinmeter from the boundarny.

Carbficate No: ES3-3244_Mar14 Paga 7 of 12
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ES30WV 3~ BN:3244 March 18, 2014

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

O CTMNE, S, chimnPeaal
& E i i

H 5

w12+~

E i

2 11

1.0+

[T TTT

gk gy sersibinmsealinrascne P s iy

Freguancy response

07-

05-

05 |||:|-|5||5-|||E||;|..|i_|_

Uncertainty of Frequency Response of E-fiald: & 6.3% (k=2)

Cartficate Moo ES3-3244_Mar14 Page 8 of 12
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EZ30M3- SN:3244

March 19, 2014
Receiving Pattern (¢), 9 = 0°
=600 MHz, TEM =1800 MHz R22
185 I'ﬂl- T u”;n a s | r J"‘ 83, 64 ED 0N
[] i ® - (] £z . #
Tt ] T F4 Tel A Y Z

Errar [dB)

0.5

) 10 580

. - Aot 11

Iu'.'lﬁi: f'.':ﬂ-%!lz 'ﬂﬂ_'-!'l.' H'ﬁ!dl':

Uncartainty of Axial Isotropy Assessmant: £ 0.5% (k=2

Cortificale Mo ES3.3344 Marid Page O of 12
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ES30V3- SM-3244 March 13, 2014

Dynamic Range f(SARpead)
[TEM cell , fovai= 1900 MHz)

1|:|3“ .:...E:':!.'..’!.:'..'!:... _;-I o e S !::' :: I ':'!..'.'.!:. iy L

10|

108

[nput Sagnal [Uv]

10°

Rl il 10! 10 i kg 1
o SAR [mlicm3] ]
3| D
not comeensated compensated

| i
m 142 102

i 1 i
10 104 10

108
SAR miiem3)
[#] (8]
rait exmpersated companaated

Uncertairty of Linearity Assessment: * 0.6% (k=2)

Cerfiicaie Mo: ES3-3244 Mar14 Page 10 of 12
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ESIDNE- SM:3244 Mareh 18, 2014

Conversion Factor Assessment

I = 835 MHz, WELS RS (H_comF) f = 1900 MHz WELE R22 (H_comF)
ik Y !_
LS m
! ;
:n:_ W 1-:
i“: \ i} "_‘
Em: . E I '
500 i+ [N
5 | N
3 .. ‘ =g
Wc;n ' o 0 k] an ' = nli ujl -éll-.-;c-.-l-l;l IJi! -} N o0 N i P
T 5 &£
Deviation from Isotropy in Liquid
Error (p, 8), f =900 MHz

10 -06 -08 04 02 00 D02 04 08 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2 6% (k=2)

Certificate No: ES3-5242_ Mar14 Paga 11 of 12
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ES30V3-SM 3244 March 19, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3244

Other Probe Parameters

Sensar Arrangemant Triangular
Canmector Angle () -TB .4
Mechanical Surface Detection Mode 1 enabled
Opiical Surface Detection Mode disabled
Probe Cwerall Length 337 mm
'_F'_rc?b?ﬁaj'}l_ Diameter 10
Tip Length 10 mamy
Tip Diameter I 4 mm
Probe Tip to Sensor X Calibration Paint | Zmm
Probe Tip to Sengor ¥ Calbration Paint | 2 mm
Frohe Tip to Sensar 2 Callbralion Pon ' Zmm
Recommended Measurement Dislance from Surlace f Fmm

Carificata Noe E53-3244_Marid Page 12 o712
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Calibration Laboratory of T,
Sohmia Parner L. conplominioy
Enginearing AG M SBarvizio swizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand ""‘afwlﬁ:}“ Swise Calfrafion Service
Accradsed by e Swiss Accredilation Service (S45) Accreditation No.: SCE 108

The Swiss Accreditation Servics 5 ane of the signmories o the EA
Multilateral Agreemant for Bie mcognition of calibration certificates

ciient  Cefecom USA Cotificate No: E53-3260_ Mar 14
CALIBRATION CERTIFICATE I

Cgect E3303 - SN:3260

Caliration procedurals) OA CAL-01.v8, QA CAL-23.45, OA CAL-25.4u6
Calibration procedure for dosimetric E-fleld prabes
Cabration et March 19, 2014

This calibretion canificate documents the faceabilly to naticnal standands, wiich reaiize v physical units of measurements (1)
Tho moesuramonts and the wncetaintiss with confidencs srobabilty ame ghen on the falcwing pages and are par of the cerbfcate

All calbrabions have Dagn congucied in the closed labarsony laciily: emvironmen? temiporatere (22 = 370 and hamidiy < T0%,,

Cafbration Eqgupment usad (METE crilical for caibealion)

Primary Slandards | 0 E Cal Date (Certificate Mo, ) Echeduled Calimsion
Porwer meter E44198 | EEL12aEaTs __IZIII_-\P;--15|:hu_ 2AT-733) Ape-14

Provenr sensor Edd 120, MY41438087 | Oe-Ape- 15 (o, 170733 Ape-18

Reaference 1 6B Ateruator SM: B8054 (3ch D-Ar-13 dho, A7-M737) fpr-14
Raferanee 20 dB Alenustor SN SERTT (i) - fpr 13 (o, 317-11735) Apr-14

_Reterence 30 B Alierusios SN 55128 (30b) Od-fpr-13 (o, HIT-01736) fpe-14

Rmarame- ;f!}bﬁ E_S_a_l:ﬁ."z 2 313 30-Dpo-13 [Ho. ES53-3043_ Dec13)] D14

DaEd N 630 13-Dec:13 (Mo DAE4-BE0 Dec13) -4

Secondary Slandards _* Check Dute (i house) Echeduled Check

RF penerator HP BSABC | USIEARUMTI0 d-Aug-99 in Fouse check Ape-13) In house checi: Apr 16
Network Arabyzer HP BTSIE LISITHEIGES 1E-0e- {in hoase check Od-13) In house check: 014

L
h.lumu Furchion Elﬂﬁﬂ%ﬂ
Calbrated by Cladio Leusiar Lancraiory Tachinkien | )
I\uﬂ'k. -

Approved by Ktz Polcwic Techrical Manager /g,zﬂ' g

Ezsuiad: Manch 240, 20114

| This casibralion cemficate shall nol be reamduced exce in full without weitien appecval of B [Rbombon:

Cortificate No; EE3-5280 Marq4 Page 1 of 12
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Calibration Laboratory of
Schmid & Partner
Enginesring AG

Schwaizerizcher Kalibrierdionsd
Service suisse d'étalonnage
Sarvizia slEzRro di sealurs

Zoughaussirasse 43, 8004 Zurich, Switseetand Swins Calibration Sorvicn

Accradiled by the Swiss Accrediation Service (SAS) Arccreditapion Be.: SCS 108

Tha Swiss Accroditation Sendes i8 one of the signataries to the E&

Muflitateral Agreement for the recognition of calibraticn cerilficates

Glossary:

TEL tissue simulating liguld

NORM .2 sensitivity in free space

CanvF sensitivity In TSL ¢ NORMs, vz

DCP dicde compressicn point

CF crest factor [1iduty_cycle) of the RF signal

ABCD modulation dependent linsarization parameters

Palarization ¢ i rotation around probe axis

Palarization & rotation around an axis that is in the plane narmal o probe axis (@0 measuremaent centar),
i.e., 8 =0 ks normal lo probe axis

Connecior Angle infarmation used in DASY system to align probe sensar X to the rebot coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommendad Practice for Determining the Peak Spatial-fveraged Specilic
Abscrption Rate (SAR} in the Human Head from Wireless Communications Devices: Measurament
Techniques®, June 2013

b} |EC 82200-1, "Procedure fo measure the Specific Absarpiion Rate (SAR) for hand-held devices used in close
proximity 1o the ear (requency rangs of 300 MHz to 3 GHz)", February 2008

Methods Applied and Interpretation of Parameters:
+  NORMyyz: Assessed for E-field polarzation & = 0 {f = 300 MHz in TEM-cell; = 1300 MHz: R22 wavegulde).
MORM:,v,7 are only intermediate values, ie., the uncertsintias of NORM:x,y,z doss not affect the E-feld
uncearainty inaide TEL {see below Canvi),

+  NORM{x .z = NORMx,p.z * frequency_response (see Frequency Response Chart), This linearization is
Implemented in DASY4 software varsions tater than 4.2, The uncartainty of the frequency response is ncluded
in the stated uncertainty of ConvF.

*  DCPxy.z DCP are numerical linearization paramelers assessed based on the dala of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media,

= PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based an the signal
characterstics

¢ Axyz Brypzr Coyz Deyz VRxyz A B, C, D are numerical linearzation parameters assessad based on
the: data of powar sweep for specific modulation signal, The parameters do nol depend on frequency nor
midia. VR & the maximum calibration range expreased in RMS voltage across the diode,

s  ConvF and Boundary Effect Paramelers: Assessed in fiat phantorn using E-fisld (or Temperature Transfer
Standard for f = 800 MHz) and inside waveguide using analytical field distributions based on power
measuraments for > 800 MH=. The same setups are used for assesament of the parameders applied for
boundary compensation {alpha, depth) of which fypical uncertalnty values are given, Thesa parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL eorresponds
o NORMy, 2 * Canvi® whereby the uncerainty corresponds to that given for ComaF. & frequency dependent
ConvF is used in DASY varsion 4.4 and higher which allows extending the validity from £ 50 MHz to = 100
MHz.

s Sphevcal sotropy (30 deviation from isctropyd: in a fizld of low gradients realized using a flab phantam
axpased by & patch antenna.

=  ESgngor Offagt: The senoor offsct coreaponds ba the offast of virtusl measurement canter from the probs tip
(om probe &xis), Mo tolerance reguired,

s Connector Angie: The angle is assessed using the information gained by determining the NORAMY (no
uncermainty required)

Cartificate Mo: ES3-3260_Mar14 Pape 2 of 12
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ES3DVE - BW:3260 March 13, 2014

Probe ES3DV3

SN:3260

Manufactured:  January 25, 2010
Calibrated: March 19, 2014

Calibrated for DASY/EASY Systems

{Hote: non-compatible with DASY2 system|)

Cartficate Mo ES3-3260_Mar1d Page 3 of 12
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ES3DV3- BM:32B0 March 18, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3260

Basic Calibration Parameters
| Sensor X Sensar Y Sensor Z Une (k=Z)
Horm (UVIHmEr. | 1.30 1.37 118 +10.1 %
DCP {mVI® | 104.8 1021 104.2
Modulation Calibration Parameters
[T} Communication Systern Name A B C o ViR Unce
dB dB v da mv (k=2
g oW x| o0 0.0 1o | 000 | Jii8 | £A3%
¥ 0.0 00 1.0 1857
| F 0.0 0.0 1.0 2088 |
FED;T | UMTSFOD (WCOMA) % 3.3 BT.4 188 FET] 1276 | 07T % |
¥y | 340 A7 .4 16.7 1396
z 3.34 A7.6 1B.8 145.4
g)i.l{ft- GEM-FDO [TOMA, GMER) x| o= 004 260 o3 [ 1356 | H1O%
¥ | 2856 | @a7 8.8 1312 |
TR Z | 298 Qg6 28,7 118.9 i |
éI'ZIqBDEl- GPRS-FOD (TOMA, GMSK, TH 0-1) TN | 4486 a6 63 686 | 1236 | #14%
Y 44001 95.9 2548 1284
—_——t 2| 2o 90,7 26.1 147.0
éiﬂé’-‘? | GPRS-FDD (TOMA GMSH, TH 0-1-2) X 5301 887 247 4 80 130 | 2.T%
¥ | S0.58 e 245 3L |
| 2 5262 99,6 24.4 1235 |
é&ﬂéﬂ- | GPRE-FOD (TOMA GMBSK, TN O-1-2-31 | » | sedo 90,6 235 385 [ 18RY | #T%
¥ | 5813 90,9 233 140.0
z | sBT1 99.7 234 126.5
‘1;2"{:1- | CORAZODD (1XRTT, RC3) % | 412 a7.1 18.1 g7 | wes | 2T %
¥ | 400 6.0 18,4 1518
2| ame a7.0 18,1 1469
10100- | LTE-FDO [SC-FDMA, 100% RE, 20 ¥ | 880 88,2 20,1 647 | 1441 | #12%
CAB | MHz, QPS#) M| | (1| I Gl —l —
| b 8.5 &7.0 19,4 125.9
| F 8,59 48,2 20,1 141.7
10103- | LTE-TDD [SC-FDMA, 100% RE, 20 W | 123B 777 TR 070 | 1270 | 230%
CAB | MHz, 0PSK) |
¥ | 1264 Taa I 136.2
o 2 1| 1237 7.1 2.5 122.6
10108. | LTE-FOD [SC-FOMA, 100% RE, 10 % | &s0 a7 20,0 IO | 1428 | #12%
CAB MHz, OPSK)
T [TE! 194 128.4
_______________ Z | 847 87.7 204 40,3
1051- LTE-TDD {SC-FOMA, 50% RE, 30 MHz, 4 11,64 TES 263 928 1226 239 %
CAB QPsig
. v | 1183 T 6.7 1308
ST | P 2 1311 [T 140.4
154~ LTE-FODSC-FDMA. 50% RB, 10 MHz, | X 618 ara | a7 515 13898 | 114 %
CAB OPSK)
Y| 625 872 | 187 146.4
2| &1 678 | 1906 | 138.3

Corificate No: ES3-3260_Mar14 Page 4 of 12
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IC Cert. No.: 11915A-BP100221

SAR Test Report - Appendix C - Misc

Page 23 of 46

ESI0VI- SN-3260 March 19, 2014
A0i69- | LTE-FDOD (SC-FOMA, 1 RB, 20 MHZ. % | 518 B7.1 198 | GBI | WAT | I%
TR CPEK)

b 5,26 B7.3 188 1498
Z 5.20 B7.2 16.8 143.3
10172- LTE-TOD {SC-FOMA_ 1 RB, 20 MHz x| 1343 BE.4 0.8 a2 1385 | £33%
CAB PSR il
¥ | 053 a0.4 282 1218
o Fd 12 .56 851 30.3 138,68
10175- LTE-FDO (SC-FOMA, 1 RE, 10 MHz, [ 500 (K] 199 E72 305 | =1.2%
CAR OFSK) :
¥ | 510 665 | 195 130.7
Z 514 664 198 139,48
10287- LTE-FD}D (3C-FDMA, 50% RE, 20 MHz. # 44 ] 198 5.8° 1369 1.2 %
AAK QFaK] e
| ¥ B.24 66.0 195 1274
| B Z | B44 676 139 1408
10403 COMAZD00 (1EV-D0, Rev. 0) * 4,64 66.9 18.3 17 1350 | HT %
AAB
¥ 481 67.4 18.5 1436
Z | ea 671 16.4 135.2

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

A The uncanaintios of MoemX, ¥ 2 da nol affect the E'-5 uncenalnty insiga TSL (see Pages Band 7).
" Mumaerical irsarzsbon perametsr Uncenaimy nol requined
¥ Uncerainly is debsmired uslng the mes desiation fom inaar resporss applying rectanguler distribuion and is expressed for e sgusns of e

fizkd value

Cerificate Mo ES1260_Marid

Page 5 of 12
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ES30V3- SN:3260 March 16, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3260

Calibration Parameter Determined in Head Tissue Simulating Media

1 {MHE) © Pa?:ig;y" cu?;unnc:w ConvF X ConwF ¥ I ConvF Z | Alpha® mﬂ 'flhr;%

TED 41.8 0.88 647 647 | 64T 08D 1.12 +12.0 %

B3 41.5 0.90 6.25 625 | 625 0.31 177 | +120%
200 415 0.a97 _6.19 6,19 618 0,57 1.1 + 120 %
1750 A1 1.37 544 248 248 | 0M 1.64 +12.0 %
1800 400 140 BAT | 547 | 647 | 0B0 | 196 | £120%
16950 40.0 140 5.28 528 5,26 Q.65 1.32 + 120 %
2300 30.5 1.67 4,58 4.88 4,88 Q.80 1.30 120 %
2450 342 1.80 4 .56 4.58 4.58 0,80 1.24 120 %
2550 381 1.91 4.41 4.41 d.44 0.7 1.36 +12.0 %

& Friguency validity ol = 100 MHe oriy aaples far OASY w2 and higher (sea Paga 2], dse i is resiriciat i £ 50 MMz, The uncarainty & the BSS
of the Com uncanainty al calibration reguency and e uncertainty for he rdicated frequancy band,

* f frequencies: below 3 Gz, the validiy af lissus parameters s and a) can be rmlaxed 1o+ 0% i liquid compensation tomus s agpied o
mansurad SAH values Al frequencies above 3 GHz, ™e validiy of lissoe paranielers [kand ) & realricisd 1o+ 5% The uncentainly is (ha BSS of
the ConvF uncerfainty for indicased terget TRsLE Daramesars.

B alphaiDegih e delemirad doring calibration, SPTAS wartants thal the remaining daviatian dua io the boundany effect afer compensatian is
elways eos than 2 1% for frequencies below 3 GHz and balow = 3% for frequencies bebween 3.6 G4z at any dishincs largar than half the prabe tip
damater from the boundary.

Cetificate No: ES3-3260_Mar14 Pape & of 12
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ES30N3- Sh32E0 Margh 18, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3260

Calibration Parameter Detarmined in Body Tissue Simulating Media

T Reletive | Conduciyiy T U
- (MHz) Prrmittivity &im) ConvF X | ConvEY | ConvFZ | Alpha® | (mm] (h=2}
T 56.5 0.96 6.22 6.22 G.22 | 0.34 1.88 +120 %
835 55.2 a7 814 B.14 614 | 037 | 178 | +120%
%00 55.0 1.05 a.02 G602 6.02 0.58 1.38 £ 12.0 %
1750 534 148 4.90 4.090 4.90 056 1.48 +12.0 %
1900 533 1.52 459 4.69 468 | 080 | 145 | s120%
1950 533 1.52 4.81 .81 4,81 054 1.58 120 %
2300 52.8 181 447 442 | 442 | o080 | 122 | z120%
2450 527 1,95 426 | 428 426 | oes | 11z | +120%
2550 52.6 2.09 4,15 415 4,15 0.80 1.01 +12.0 %

2 Frequency validity of = 100 MHz only applies ior DASY w84 and higher (sea Paga 2, 6lsa i is restrictad o4 50 MMz, The uncararty s the RES
of tha Come® uncerainty at calibration frequency and the uncanainty for the indicated freguency band.

" 4 raquencies below 3 GHz. the validity of Bssue paramebars [+ nd ) £an be retassd to + 10% # ligud compensation tormua s anpled 16
measired SAR values. Al frequancies abowve 3 GHz, the wvalidity of tissue pacamelers {k and o) is restricled ba k£ 5%, The uncedainly & tha RS of
the CarwF uncestainty for indicated et lissos pararmalers

B piphaiepth ana detarmined during catbration. SPEAL warranta thal Iha remaining deviation dua o the boundary offect after compansalion =
Eiways lass Than + 1% for fequencies below 2 GHz and below + 2% for frequencies babween 3-6 GHz &t any dishince rger than Rall the grobe lig
ciamebar frem this boundary.

Cerificate No: ES3-3260_Mari4 Page T of 12
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ESIDVE- SN:32680 Manch 19, 2014

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

Frequency response [normalized)
5
i
1
¥
1
4
1
|
r

Uneertainty of Frequency Reaponse of E-field: 2 6.3% (k=2)

Cerlificale Mo: ES3-3260_Marid Pape 8 of 12
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ES30W3- BM:3260 March 18, 2014

Receiving Pattern (¢), 9 =0°

=600 MHz, TEM f=1800 MHz R22
Ll £
._ =9 !
H i
b s o = 4 1
ng o4 09" ee i S TR T T
1
34 . M e
bl ] _—
[] (] [] [} [] []
Ter X ¥ £ Tol X L F3
-~
e £ |
E |||-It- R N T h-l--?‘--l-—'l—f B B O o e o o
L i
S L
i i i i
186 i Al 1 [} =11

L[ ‘\'I'L'. Efb.-'_-:ltlx 1E'Fﬁ[l'_' EE"?'EA-:

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

Cartflicate No: ES3-3260_Marid Paga 8ol 12
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ESI0VE- SN 3260 March 19, 2074

Dynamic Range f(SARcqd)
(TEM cell , foa= 1900 MHz)

[V et

104

Imput Signal [uv]

18

0+

I hlig i o o hlig 1
SAR [mWicm3]

mat compensated compensated

1o L H 100

10 1072 1ot

bl

BAR [miWemn3)]
. L&

reat comparsated O e et

Uncartainty of Lingarity Ascecement: = 0.86% (k=2)

Carlificata No: ES3-3260_Marld Page 10 of 12
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ESIDVI- SH:3260 March 19, 2014

Conversion Factor Assessment

= B35 MHz, WGELS RS (H_comF) {= 1900 MHz WGLS R22 (H_comF)

5 I N
12 .
¢ i 1
i
- ]
as S— 1 ~
-
pof—— " AR W A Y A U R T T Fia e
n m 0 2 s = = a L 2] L ] - ] = @
almiw] & il e
= ¥ T .
aranica FuEa araiius THERaa]

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

AN -NA NF N4 N2 000 02 N4 D& DB 1.0
Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)

Cartificale Mo ES3-3260_Mar14 Page 11 of 12
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ES30NVI- BN 3260 March 19, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3260

Other Proba Parameters

Sansor Arrangament Triangular
| Connector Angle %9 -78.1
Mechanical Surface Defeclion Mode enabled
Cptical Surface Detection Mode cizabled
Probe Overall Langih 337 mm
Probe Body Diameter 10 mim
Tip Length 10 mm
| Tip Diameter 4 mm
“Probe Tip to Sensor X Calibration Point Zmm
Probe Tip o Sensor ¥ Calibration Point £ mm
Probe Tip o Sensor £ Calibration Point £ mm
 Recommended hMeasurament Distance from Surface Imm

Cerlificale No: ES5-3260 Marid Page 12 ol 12
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I BT
Calibration Laboratory of SN, §  Sehwelzerischer Kafibrierdierst
Schimid & Partner Pt c Sarviea sulese d'étalonnage
Engingering AG e F Sarvizio avizzero di taraturs
Zeughzussirasse 43, B00S Zurich, Swilzerland R S gwiss Callbestion Service

Accredied by thie Swisks Acoraditation Serdce [(S5A5)
The Swiss Accreditation Service is ana of the signetories 1o the EA
Multiialeral Agreerment for the recagnition of callbration certificates

Cliant Cetecom USA

ICALIBRATION CERTIFICATE
|

hocreditation No: STS 108

Cartiticate Me: D835V 2-4d155_Juni13

Cibjact DB3saVa - SN: 44155

Cialinratian procadi s}

CA CAL-D5.8
Caligration procadure for dipole validation kits above 700 MHz

Calration date

Juna 06, 2013

This cadbration carficata documente the traceability 1o ralional Standards, which reabze tha physicsd unts of messuremants (1),
The messurements and the uncertainties with confldence probability e givan on the following pages and Bfe pan of he cerilicale.

A calirasians have Dean conduched in (he closed latorstery facilty: ervironmant lemperamire (22 = 3)'C and huimidity < 70%.

Calibration Equipmant usad (METE crilical for caliboation)

| Primary Standards |Io & Cal Diasa {Carilficate Ko ) Shaculed Calibration
Pawer mebar EPM-4424 | GEaT4B0TD O1-Mo-12 (Me 1T E40) Qe-13
Fowar sensor HP B4E1 & | 53T ZA27as O-Men-12 (Mo 217-01840) Ozl-13
| Rafarnos 20 4B AHenisior | 80; 5058 (20K e (Mo, 217-01 796 Ape-14
| Typari mismaich combination | 5M: 50473 f 0BT Oebbigpr-1 3 (Mo, 217-01T738 Apr-14
Raferanga Proba ESS0WE | BN 3205 2B-Dec-12 (No. ES3-3305% Dacta) Dac-13
DAE4 SM: 601 25-fgr-13 {Mo. DAE4-E01_Aprig) Ape-id
Secordary Standarss DA Check Dale in houss) Schadulad Check
Fowar senaor HP BAETA MY A108231 7 180202 {In hougs chack Oc1-11) Inmouses check: Ocl-13
FF ganaraior &S SMT-06 1 0000E O A58 (in house cheok Dcs11) InFeuges chask: Osl-13
Halwork Anatyeer HF BT53E ISATIa0sas Sa206 16801 {In housa chack o1 2y In Fiose chess: O0l-13
Hama Funeilon S=nabire
Calbraied by: Laif Khysnar Labomilory Techniomn f el 3
bt
?. -_"_'_,_,.-""
appoved by Kalje Pooic Tachnicel Mananer /éfé:?' J&g’
Issuad; June B, &XN3
This calibeation cerifivate shall not be raproduced axsepd |n full withoul writen spproval of the lsbomdony

Gertilicate Mo: DEISVZ-4d155_Jun13

Page 1l 8
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasss 43, 8004 Zwrich, Swilesrland

Schweizerischer Kafibriardianst
Sarvice suisse d'étalonnage
Servizio svizzero di taraiura
Swiss Callbration Service

Acoreditad! by the Bwiss Accredialion Sardce (SA5) Accreduation No.: SCS 108
The Swiss Accreditatian Service is one of the slgnatories lo the EA
Muttilatarsd Agresment for the recognition of calibratian certificates

Glossary:

T5L

CornvF

N/A

tissue simulating liguid
sensitivity in TSL/ NORM x v,z
not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

o)

IEEE Std 1528-2003, *|EEE Recommended Practice for Detarmining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques®, December 2003

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

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

Additional Documentation:

d)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Candifions: Further details are available from the Validation Heport at the end

of the certificate. All figures stated in the cerificate are valid at the frequency indicated,
Antenna Parameters with TSL: The dipole i= mountad with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms orented
parallel to the body axis,

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

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

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

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

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

The reported uncerainty of measurement is stated as the standard uncertainty of measuremeant
multiplied by the coverage factar k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 85%;.

Cartificate Mo: DBE3EV2-4d1586_Juni3d Page 20l B
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Measurement Conditions
DASY system configuration, 8 far a8 not given on page 1.
DASY Version DASYE V52.8.6
Extrapolation Advancad Extrapclation
Phantom Medular Flat Phantom
Distance Dipole Genter - TSL 18 mm with Spacer
Zoom Scan Resolution dy, dy, dz =5mm
Freguancy &35 MHz = 1 MHz
Head TSL parameters
The following pararneters and calculations were applied
Temperature Permittivity Conductivity
Neminal Head TSL parameters 220°C 41.5 .80 mhaim
Measured Head TSL parameters (22.0£02)"C 404 %6% 094 mhoim + 6%
Head TSL temperature change during test <0.5°C - wen
SAR result with Head TSL
?A:‘I averaged over 1 cm® (1 a) al Head TSL Caondition
SAR measured 250 mW inpu pawer 2.48 Wikg
3AR for nominal Head TSL parametars normadized fo 10 89.54 Wikg = 17.0 % {k=2)
SAR averaged over 10 em” {10 g) of Head TSL candition

SAR measured

250 MW inpill powar

1.50 Wikg

SAR for nominal Head TSL parameters

rearmialized o 1W

B.17 Wikg = 168.5 % (k=2)

Body TSL parameters
Thia following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 20'c 55.2 0.87 mhoim
Measured Body TSL parameters (220+02)C 5452E6% 1.00 mhe/m = 6 %
Body TSL temperature change during test < 1.5°G s
SAH result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input powar 2.45 Wikg

BAR for nominal Body TSL parameters

nermalized o 1W

9.55 Wikg = 17.0 % (k=2)

SAR averaged over 10 err’® (10 g) of Body TSL cordition
SAR measured 250 mW input powar 1.60 Wikg
SAR for nominal Body TSL parameters normalized o TW 6.27 Wikg = 16.5 % {k=2)

Cearlificate No: DE3EVR2-2d4185_Juni3
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed lo fead paint 52.20-260
Feturn Loss -2 6B

Antenna Parameters with Body TSL

] frpedance, transformed o feed poinl AT L -4.5 0

Retum Loss - 25848

General Antenna Parameters and Design

| Electrical Detay {ane diraction) 1433 ns

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

The dipcde i mads of slandard samirigid coaxlal cabde. The center conductor of the feeding lhe Is directly connected to the
second am of the dipele. The antenna is therefore shart-circuited for DC-signals. On some of the dipobes, small end caps
are &dded 1o the dipele arms in order to improve matehing when loaded scoording to the poeibon as explained in the
Measurement Gonditions® paragraph. The SAR dala are not affected by this change, The cverall dipole langth is il
according to the Standard,

Mo excessiva force musl be applied to the dipole amms, becauss they might band or the soldersd connections rear the
feedpoinl may be damaged.

Additional EUT Data

Manulaciured by SPEAG
Manufaciured on December 28, 2012

Cartficate Mo DE3SVE-4d155_Junia Page 4 of B
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DASYS Validation Report for Head TSL

Drate: 06062013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: DE3SV2 - SN: 44155

Communication System: UID 0 - CW ; Frequency: 835 MHz

Medium parameters used: f = 835 MHz: o = 0.94 8/m; £, = 40.4: p = 1000 kg/m’
Phantom scction: Flat Section

Measurement Standard: DASY S (TEEE/EC/ANSI C63.19-2007)

DASY 52 Configuration:
*  Probe: ES3DVA - SN3205; ConvFi(6.035, 6.05, 6.05); Calibrated: 28.12.2012;
o  Sensor-Surface: Imm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 25.04.2013
«  Phantom: Flat Phantom 4.9L; Type: QDO0OP49AA; Serial; 1001

« DASYS252.8.6(1115) SEMCAD X 14697117}

Dipole Calibration for Head Tissue/Pin=230 mW, d=15mm/Zoom Scan (7x7x7 )/ Cube 0;
Measurement grid: dx=Smm, dy=Smm, dz=5Smm

Reference Value = 57.245 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3,78 W/kg

SAR(I g) = 2,48 Wikg; SAR(10 g) = 1.59 W/kg

Maximum valve of SAR (measured) = 291 Wikg

O dB =291 Wiz =4.64 dBW/kg

Carificats Na: DB3EV2-4d156_Jun13 Pags G of B
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich. Switzerland

DUT: Dipole 835 MHz; Type: DB35SV2; Serial: DB35V2 - SN: 4d155

Communication System: UID - CW ; Frequency: 835 MHz

Medium parameters used: f= 835 MHz: o= | S/m; & = 54.5; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEEC/ANS] CA3.19-2007)

DASYS2 Configuration:

Probe: ESIDV3 - SN3203; ConvF(6.04, 6.04, 6.04); Calibrated; 28.12,2012;
Sensor-Surface: I3mm (Mechanical Surface Detection)

Electronics: DAES Sn6; Calibrated: 25.04.2013

Fhantom: Flat Phantorm 4 91; Type: QDOOOP4SAA; Serial; |00

DASYS52 52 8.6(1115); SEMCAD X 14.69(7117)

[ue; 05.06.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Messurement grid: dx=3mm, dy=5mm, dz=5mm
Reference Value = 33423 Vim; Power Drift = 0.01 dB
Peak SAR (extrapolated) = 3.62 Wikg

SAR(] g) = 2.45 W/ke: SAR(10 g) = 1.6 Wike
Maximum value of SAR {measured) = 2.85 Wikg

1.5

Va0

0 dB = 2.85 Wikg = 4.55 dBW/kg

Certificate Mo; E3EV2-4d155_Jun13 Page T of &
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Impedance Measurement Plot for Bady TSL
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Calibration Laboratory of A Schival parischiar Kalibrerdiern
Schmid & Partner % Ecﬂ“:al:l.rdm d'élalonnage *
Engineering AG s Servizio svizzero di taratura
Zeughausstrazse 43, 8004 Zurich, Switzerland *-.;,ﬂﬂ@e Swiss Calibsalion Servies
Arcrediled by Me Swiss Aocraditation Sarvica (SA5) Accreditation Mo, SCS 108

Tha Swisse Ascreditation Service is one of the signatories to the EA
Muttilatersd Agréeement for the recognition of cafibretion earificates

Eilant Cetecom USA Certificate do: D1800V2-5d172_Juni3
CALIBRATION CERTIFICATE

Cigject

Calibration procedursds)

Callbration e

D1900V2 - SN: 5d172

QA CAL-05.v9
Calibration procedure for dipole validation kits abowe 700 MHz

Juna 10, 2013

This-cabbration certificate documenls the raceabdity o nationat standards, which realize the physscal urits of measuramens {S1).
The massuremants and ha uncertain ies with conlidence prabability ana givan on tha fallowing peges and are pan of the cedificals.

Al callbrations hawe baen condutted in the dased laboratary taclity: ararenment lamparatune (22 + 31°C ane humidity < 70%

Calbration Equipment used (METE crilical for caltiration)

Primary Standards [Ioe Cal Diete (Certifcats Nij Schaculod Cadtiration
Powsr matar EFM-a438 I GRITARITIY O Men-12 {Me. 217-01640) Oet-13
Powesr sansor HP 84314 | USaT2RTE O Menv=12 {he. 217-01640) Ot-13
Aefarance 30 d8 Attauator S BO5E (206} Od-Apr-13 (Mo, 217-01736) Apr-14
Typa-N mismalzh combination | BMC BOA4T.E J 08327 Od-Apr-13 (Mo, 21701734} Ape-14
Refarance Probe ES30VE | BM: 3205 8-Oec-12 (o, ES3-2208_[ee12) DagA3
DAE4 P EM:am H5-apr-13 (Mo, DAE4-601_Apr13) Apr-1d

| Sacondary Ssandards [imw Check Data (in house) Schaduled Ghack
Pawer senaor HP 84814 MY 092317 18-CC0Z (in hauss check Oc-11) In house check. Dct-13
AF panarabar R&S SMT-06 100005 O -hug- {in house check Ocl-11] I hease eheck: Cet-13
Mebwtak Analyzer HP B7E3E LIS3T30808 S4206 18001401 {in hauss check Oat-12) In hease check: Oet-13

Mamo Funciion
| Galibrabod by Jetan Kasirali Labaratary Techrician
Approved by Katja Pokovic Technioal Managar -

|ssiied: bine 11, 2073

This ealbration cerlificate shell nod ba reproduced excepd in full withoui writien approval of 1he labanatany.
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Calibration Laboratory of Py Schweizerischer Kalibriardianst
Schmid & Partner Y i B Sane:
Engineering AG L = c Servizo svizzers di taraturs
Zaughaussirasse 43, 8004 Zurich, Switzedand %ﬁf s Swies Calibration Servioe
Accradied by tha Swiss Accredilation Service |SAS) Accraditation Mo SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the resognition of catllibration certificates

Glossary:

TSL tissue simulating liguid

ConvE sensitivity in TSL / NORM x,y.z
N/A not applicable or not measurad

Calibration is Performed According to the Following Standards:

g) |EEE Std 1528-2003, IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Davices: Measurement Technigues”, Dacember 2003

b) IEC 62209-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 2 GHz)",
February 2005

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further datails are available from the Validation Feport at the end
of the centificate. All figures stated in the certificate are valid at the frequency indicated.

* Anfenna Parameters with T5L: 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 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 connector to the feed point. The Return Loss ensures low
reflected power, No unceriainty required.

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

s SAR measured: SAR measured at the stated antenna input power,

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

= SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the
naminal SAR result.

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

Cartficate No: D1S900V2-5d172_Juni3 Page 2ot B
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Measurement Conditions
DASY system configuration, 35 far as net given on page 1.

DASY Version DASYS VE2 BT

Extrapolation Advanced Exdrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spaces

Zoom Scan Resolution e, cdy, dz =5mm

Frequancy 1600 MHz = 1 MHz
Head TSL parameters

The following pararnatars and calculations wers spplied,
Temperature Permitthvity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1,40 mheym

Meagured Head TSL parameters 22.0£0.2)°C 393+6% 1.34 mho'm + B %

Head T5L temperature change during test < 0.5C i
SAR result with Head TSL

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

SAR measurad 250 miY input power 9.70 Wikg

SAR for nominal Head TSL parameters nomalized to 1% F9.7T Wikg = 17.0 % (k=2)

SAR averaged over 10 em” (10 g) of Head TSL condition

SAA measurad 250 mWY input powear 511 Wikg

SAR for nominal Head TSL parameters noomalized to 1W 20.7 Wiy = 16.5 % (k=2)
Body TSL parameters

Tha following paramatars and caloulations weare applied
| Temperature Permittivity Conductivity
j MNominal Body TSL parameters 22.0 %G 53.3 | 1.52 mha'/m

Measured Body TSL paramaters {(22.0=02)"C BT 6% | 1L.E0mhaim =6 %

Body TEL temperature change during test <0.5°C - -
SAR result with Body TSL

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

SAR measured 250 mW input power 8,97 Wikg

SAR for nominal Body TSL parameders normakized 1o 1W 40.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm” (10 g) of Body TSL condifion

SAR measurad 250 m\W input power 5.34 Wikg

S5AR for nominal Body TSL parameters rarmakzed o 1W 21.5 Wikg = 16.5 % (k=2

Certificate Mo: D1900YV2-5d172_Juni3
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Appendix
Antenna Parameters with Head TSL

Impedance. franstormed to feed poinl 53.80+4.0j0
Raturm Loss - 25508

Antenna Parameters with Body TSL

Impedance, transtoemed to feed poimd 487 k5.0 0 ]
Re&turn Loss - 26.7d3

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.201ns

Aller long term use with 100W radiated power, anly a slight warming of the dipole near the feedpoint can ba measured.

The dipole is made of atandard semirigid coaxial cabla. The center conductor of the feading lne is directly connecied 1o the
secord arm of the dipale. The antennd is therelons short-circuited for DC-aignals. On some ol the dipsles, small end caps
ara added to the dipole arms In order Lo improve matching when loaded sccording to the postion as explained in the
"Measurement Conditions” paragraph, The SAR data are not affected by this change. The overall dipole length i stil
accaording o the Standard.

Mo excessive foroe mast be applied 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manufaciued by SPEAG
Menufaciured an June 08, 2012

Certdlcate Mo 013000V 2-84172_ ki3 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 10.06.2013
Test Lahoratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DIWOV2: Serial: D1900V2 - SN: 54172

Communication System: UTD 0 - CW ; Frequency: 1900 MHz

Medium parameters used; = 1900 MHz: o = 1.34 5/m; & = 39.3; p = 1000 kg/m"
Phantom section: Flat Section

Measurcment Standard: DASYS (IEEEAEC/ANS] C63.19-2007)

RASYS52 Configuration:
+  Probe: ES3DV3 - SN3203; ConvFi4.98, 4,98, 4.98); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surface Detection)
= Electronics: DAE4 Sn6i1; Calibrated: 25.04.2013
= Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
= DASYS25LE.T(1137); SEMCAD X 14.6, 107 164)

Dipole Calibration for Head Tissue/Pin=2350 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=5mm

Reference Value = 95.877 Vim; Power Drift = 0.04 dB

Peak SAR {extrapolated) = 17.6 W/ikg

SAR(l g) =97 W/kg; SAR(10 g) = 5.11 Wikg

Maximum value of SAR {measured) = 12.0 W/kg

0dB = 12.0 Wikg = 10.79 dBW/kg

Carificate Mo: D1900W3-6d172_Juni3 Page 5 of 8
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN; 54172

Communication System: UID O - CW ; Frequency: 1900 MHz

Medium parameters ssed: £= 1900 MHz; o= 1.5 S/m; 5 = 53.7; p = 1000 kg/m”
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST CA3.19-2007)

DASYSZ Configuration;

-

Probe; ES3DV3 - SN3208; ConvFi4.6, 4.6, 4.6); Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 25,04,2013

Phantom: Flat Phantom 5.0 (hack); Type: QDODOPS0AA; Serial: 1002
DASYS2Z 32871137y, SEMCAD X 14.6.10(7164)

Date; 10.06.2013

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mnvZoom Scan (7x7x7 W Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 95877 Vim; Power Drift = -0.01 dB
Peak SAR {extrapolated) = 17.0 Wike

SAR(I g) = 9.97 W/kg; SAR(10 g) = 5.34 Wikg
Maximum value of SAR (measured) = 12.5 Wikg

-fnn

2.

-15.04

0dB =125 Wikg = 10.97 dBW/kg

Certdicate Mo D1S00V2-5d172 Jeni3 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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