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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 M Hz Body Liquid

Conductivity
Temp [Frequency| Relative | Conductivity
Date (°C) (MHz)  |Permativity (S/m) __ 104 /L_,L, +Laqrgleé Value
824| 535754 0.9551| | € 1.02 T S —e— 5% Liquid
825 53.5394 09576| | = 09; ig T T;fﬁf;cueld
826 535333 0.95%| | B o6 fdapa Tolerance
S et 2014/09/12
827 53.5076 0.9623| | B goa |
o
835|  53.3553 0.9826| | © 0.92 ~—r 2014/09/17
2014/09/12 | 21.7 836 53.3559 0.9857 0.9
820 840
837 53.3523 0.9885
846 53.3313 1.0114 Frequency (MHz)
847 53.3344 1.0138
848 53.3471 1.0161 Permittivity
849 53.3532 1.0181 59 S ——
> 4
824 552902 ogsz2| | S 22 Value
825| 552701 0.9851| | £ —e— 5% Liquid
é 56 Tolerance
826 55.2601 09868| | $ 55 %# 5% Liquid
827 55.241 0.9894( | & 54 ; Tolerance
835 55.1283 10058| | = 53 o [ | ==se==2014/09/12
£ 52 =
2014/09/17| 21 836 55.1168 1.0068 i 2014/09/17
837 55.1006 1.0095 820 840
846 55.0824 1.0281
Frequency (MHz)
847 55.0745 1.0297
848 55.0816 1.0318
849 55.0914 1.0339
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1900 M Hz Body Liquid

Conductivity
Temp [Frequency| Relative | Conductivity
Date (°C) (MHz) |Permativity (S/m) 18 - —m— Target
e 1.58 Liquid Value
1850 52,332 15177| | S 156 =
e _ BT | e 5% Liquid
1851 52.3306 1.5188| | > 1.54 Tolerance
S 152 14T -
1880 52.2132 15554| | & 15 — 5% Liquid
3 1.48 -—% Tolerance
1900 52.1395 15771 | & 1.
2014/09/17| 211 S 1.46
1907 52.1094 15841 | © Jaa == 2014/09/17
1908 52.1076 1.5851 1.421845 1605
1909 52.1049 1.586
1910 52.1049 1.586 Frequency (MHz)
1850 51.2176 1.4855
1851 51.2175 1.4879 Permittivity
1880 51.2826 1.5473
> 56 —m— Target
1900 51.3418 1.5568| | = iqui
9/30/2014 | 21.8 Z 5 Hiauid Value
1907 51.3079 15569 | E ., —e— 5% Liquid
1908|  51.3031 15568| | & .4 Tolerance
1909 51.3021 15559 | & —*— 5% Liquid
= 52 1 Tolerance
1910 51.2852 1.5559 S 51 2014/09/17
50 '
1845 1895
Frequency (MHz)
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Test Equipment

SARI1 Lab
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
. F10/5D3NA
Robot Staubli TX90 1JA/0L N/A N/A
SAM Twin SPEAG SM 000 TO1 DA 1592 N/A N/A
Phantom
Elliptical Phantom SPEAG QD OVA 001 BB 1092 N/A N/A
Software SPEAG Dasy52.6.2.482 N/A N/A N/A
Device Holder SPEAG SD 000H01 N/A N/A N/A
Data Acquisition SPEAG DAE4 1265 2014/01/29 | 2015/01/29
Electronics
SAR Probe SPEAG ES3DV3 3244 2014/03/19 2015/03/19
Shared Equipment
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
900 MHz Body 2014/09/12 —
Tissue Simulant SPEAG MSL 900 Batch 100818-1 2014/09-17 N/A
1900 MHz Body 2014/09/17 —
Tissue Simulant SPEAG MSL 1900 Batch 100824-3 £014/09/30 N/A
835 MHz Dipole SPEAG D835Vv2 4d113 2014/04/07 2015/04/07
1900 MHz Dipole SPEAG D1900V2 5d135 2014/04/09 2015/04/09
Network Analyzer Agilent FieldFox N9923A | MY51491621 2013/06/21 2015/06/21
Directional coupler Werlatone C6529 11249 N/A N/A
RF Amplifier Vectawave VTL5400 N/A N/A N/A
Dielectric SPEAG DAK-35 1118 2014/04/08 2015/04/08
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 Rohde &
Communications CMU 200 101821 2013/06 2015/06
Schwarz
Tester
Radio
Communications |  Ronde & CMU 200 109879 2013/06 2015/06
Schwarz
Tester
Radio
Communications |  Ronde & CMU 200 110759 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 S,

$ %, Schweizerischer Kalibrierdienst
Schmid & Partner —) Service sulsse ¢"étalonnage
Engineering AG % Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland SN Swiss Calibration Service

)
RN

Accredied by the Swiss Accreditation Service {SAS) Accreditation Ne.:. SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agresment for the recognition of calibration certificates

cien  Cetecom USA Certificats No: ES3-3244_Mar14
[CALIBRATION CERTIFICATE

|

Object ES3DV3 - SN:3244

Calibration procechune(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25.v6

Calibration procedura for desimetric E-field probes

Calibration date: March 19, 2014

This caibeation cartificate documents the traceabiily 1o national standards, which realze the physical units & measurements (SI),
The measuremants and the uncartanties with confidence probabiity sre gven on the follovdng pages and ae pant of the cartificats

Al calibrations have baen conducted in the closed laboratory fadlty: anvircnmant tamparstura (22 + 3)°C ard humidty < 70%.

Calibration Equipmeant usad (METE critical for calibration)

Primary Standards D Cal Date (Certificate No. | Scheduiad Caltwation
Powar meter E41198 GB41203874 O4-Apr-13 (No. 217.01733) Apr-14

Powar sangor EA4124 MY414566087 4-Apr-13 (No. 217.01733) Apr-14

Rodarance 3 dB Atlenualor SN: 5505¢ (3c) 04-Apr-13 (No. 217.01737) Apr-14

Rofarance 20 d& Afteruator | SN S5277 (20x) 4-Apr-13 (No. 217-01735) Aar14

Rofarance 30 o Atteruator | SN 55129 (30b) 04-Apr-13 (No. 217.01738) Apr-14

Rofarance Probe ES30ONZ SN 3013 30-Dec-13 (No. ES3-3013_Dectd) Dec-14

DAE4 SN- 660 13-Déc-13 (No. DAE4-660_Dec13) Dec-14

Secondary Standards D Chack Date (in house) Seheduied Check

RF generster HP BB46C US3642U01700 4-Aug-59 (In housa check Apr-13) I house chack: Apr-16
Network Anatyzer HP 8753E | US37380585 18-0ct-01 {in house check Oct-13) In house chack Oct-14

Neme Fureticn Signture

Calibeated by: Clauco Laubiee Laboratory Techrician ‘

Approved by Katja Pokorac Tachnical Manager % ¢

Issusdt: March 20, 2014
The calibeation catificate shall net be recroduced exceot n full without weitten aporaval af the labocatory

Certificate No: ES3-3244_Mar14 Page 10of 12
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Calibration Laboratory of Schwoizerischer Kalibrierdonst
Schmid & Partner Service suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzertand Swiss Calibration Service
hecradited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muititateral Agreament for the recognition of calidration certificates
Glossary:

TSL tissue simulating hquid

NORMx.y,z sensitivity in free space

ConvF sensitivity in TSL . NORMx,y,z

DCP diode compression point

CF crest factor (1/duty_cycle) of the RF signal

ABCD modulation deperdent linearization parameters

Polarization ¢ p rotation arcund srobe axis

Polarization 8 8 rotation around an axis that is in the plane normal to probe axs (at measurement center),
i.e., 8 =0 is normal to probe axis

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Hurran Head from Wireless Communications Devices: Measurement
Technigues”, June 2013

b) IEC 62209-1, *Procedure to measure the Specific Absorption Rate (SAR) for had-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", Febreary 2005

Methods Applied and Interpretation of Parameters:
o NORMx,y,z Assessed for E-fieid polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 wavequide),
NORMx,y.z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM(fx.y,z = NORMx.y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the Fequency response is included
in the stated uncertainty of ConvF,

*  DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DZP does not depend on frequency nor media.

* PAR:PAR is the Peak to Average Ratio that is not callbrated but determined based on the signal
characteristics

o Axy.z Bxy.z Cxyz Dxyz VRxyz A B, C, D are numerical inearization parameters assessad based on
the data of power sweep for specifc modulation signal. The parameters do not depend on frequency nor
media. VR Is the maximum calibralion range expressed in RMS voltage across the diode.

+  ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close o the boundary. The sensitivity in TSL corresponds
to NORMy,y,z * ConvF whereby tre uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF is used In DASY version 4.4 and higher which alows extending the validty from + 50 MHz to £ 100
MHz,

* Sphencal isolropy (30 deviation from isotropy): in a field of low gradiants realized using a flat phantom
exposed by a patch antenna.

= Senzor Offzet: The sensor offeet corresponde 1o the offest of virtual measuremant center from the probae tip
(on probe axis). No tolerance required.

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

Certificate No: ES3-3244_Mar14 Page 2 of 12
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ES30V3 - SN:5244 March 19, 2014

Probe ES3DV3

SN:3244

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

Calibrated for DASY/EASY Systems

[Mota: non-compatible with DASY 2 system!)

Cerificaie Mo: ES3-3244_Mari4 Pags 3 of 12
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ES3DV3- SN:3244

March 19, 2014

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

Basic Calibration Parameters
Sensor X Sensor Y SensorZ Unc (k=2)
Norm (u\Vi(Vim)*)"* 131 1.33 1.31 +10.1 %
DCP (mV)" 9.5 108.1 102.0
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Une'
| dB | dBvv de mv (k=2)
0 cw X | 00 0.0 1.0 000 | 2185 | 135%
Y 0.0 0.0 1.0 2238
z 0.0 0.0 1.0 217.8
gg'- UMTS-FOD (WCDMA x| 325 6.2 178 | 291 | 1488 | 07 %
Y | 318 66.9 18.3 1308
Z | 336 67.6 19.0 148.5
[1&0;"- GSM-FDD (TOMA, GMSK) x| an 843 230 | 939 | 1296 | 225%
Y | 887 84.9 222 1256
Z | 1305 91.6 253 1499
'1:%24- GPRS-FOD (TDMA, GMSK, TN 0-1) X | 2001 93.1 235 656 | 1363 | 25%
Y | 2537 96.2 23.4 1346
Z | 0ss 99.9 25.2 1317
‘1302827- GPRS-FDD (TDMA, GMSK, TN 0-1-2) e 44.40 99.9 235 4.80 1271 1.7 %
Y | 4234 99.5 22.7 1278
Z | 3589 99.8 23.7 1248
:]o::a- GPRS-FDD (TDMA, GMSK, TN 0-1-2-3) | X | 48.50 100.0 227 355 | 1351 | 21.9%
Y | 61.01 100.0 213 139.1
Z | 4347 99.7 224 1342
::()AOE:M- COMAZ000 (1xRTT, RC3) X 3.88 655 18.0 3.97 1421 10.9 %
Y | 370 65,6 18.0 1286
Z 3.99 66.7 19.0 1428
10100- | LTE-FDD (SC-FDMA. 100% RB, 20 X | 633 66.0 103 567 | 1383 | #1.7%
CAB MHz, QPSK)
Y | 630 67.9 19.9 1476
Z | 645 67.7 19.9 1416
10103- | LTE-TOO (SC-FDMA, 100% RB, 20 X 9.50 733 24.8 929 | 1266 | 3.0%
CAB MHz, QPSK)
Y | 9.04 73.3 25.1 1296
F 9.26 73.2 24.9 126.2
10108 | LTE-FDD (SC-FDMA, 100% RB, 10 X | 625 66.6 19.3 580 | 1377 | #14%
CAB MHz, QPSK)
Y | 625 67.4 19.8 1466
Z 6.30 67.2 19.8 1383
10151- | LTE-TDD (SC-FDMA, 50% RB, 20MHz, | X | ©9.78 75.0 259 928 | 1498 | 233%
CAB QPSK)
Y BAT 724 248 1249
z 9.42 74.6 25.9 1477
107104 LTE-FDD (ST-FUMA, DU% KRB, 10 Mz, X 5.92 66.1 18.0 9./5 138.2 1.4 %
CAB QPSK)
Y | 581 66.4 19.2 1424
z 5.97 66.7 19.6 1358

Cerlificate No: ES3-3244_Mar14

Page 4 of 12
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ESIDNI- S5M:3244 March 19, 2014
10183~ | LTE-FDD (SC-FOMA, 1 B, 20 hiHz, X 404 BE2 | 193 B7a | 1980 | £14 %
CAB QPSH) )
s 487 7.1 19.49 145.7
— Z | 488 | Ber | ‘198 1575
10172- | LTE-TDD {SC-FOMA, 1 RE. 20 MHz, K| 7o8 758 265 | 921 | 1373 | z3a0%
CAB QPSK)
¥ 763 T2 277 138.2
Z| 750 | 755 | 268 133.2
| 10175 LTE-FOD (SC-FOMA, 1 RBE, 10 MHz, % 4,85 56.2 168.3 572 | 1368 | £14%
CAB CPSK)
¥ | a8 B7.1 19.9 1448
z [ as7 BE.T 19,8 1355
10287- LTE-FOD (SC-FDbA, 50% RB, 20 MHz, | X .24 BE.6 18,3 5.81 136 6 14 %
Af, QPSK] )
— b 6231 ar.7 20.0 1462
Z | 63 &r.0 0.7 136.5
'Li-!éﬂll- COMAZ000 (1:EV-D0, Rew 0) X 456 &T.0 8.0 ite 1313 H1.T %
Y | 477 ) 18.3 1374
Z | ams 646 182 | 118
The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution correspends to a coverage
probability of approximately 95%.

* The uncerainties of Marmi,¥,Z do not affect tha E*-aid uncersinty ingide TSL {see Pages § and T).
: Mumerical issarization parameter: uncartamty not requined.
Lincarainty & debammingd using he max. deviatian fom inear nesponse apphing rectangular dissribuion and B axprecssd for the squans of the

fiald value.

Ceificate Mo ES3-3244_Marid

Page 5aof 12
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ES30VI— SH:3244

March 13, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relative con Depth™ Unct.
f(MHz) " | Permittivity” (8im)" ConwF X | ComF Y | ConvFZ | Alphs® |  [mm) {k=3)
50 41.9 0.89 B.44 6.44 &4 0.62 1.30 £12.0%
B35 415 0,90 6.21 B2 &.21 0.42 1.58 +120%
800 415 0.87 6.09 6.0 6.00 0.45 1.52 £ 12.0 %
1750 401 137 5.54 5.54 5.54 037 1.71 120 %
1900 40.0 1.40 5.22 522 5.22 0.77 124 | £120%
1950 an.0 1.40 5.03 5.08 5.03 0.53 145 | +120%
2300 30.5 167 4.93 493 493 0.8 1.23 | x120%
2450 39,2 1,80 4.56 4.56 4.56 0.78 1.92 | £120%
2550 39.1 191 4.48 4.48 448 0,80 128 | +120%

 Fraguency validity of £ 100 MHz only apokes far DASY w4 and higher (see Page 2}, elsa il i restncted 1o 2 50 MHz. The uncarainty is the RSS

of ™e Comf uncanainty st Calibration requancy andthe encertainky for the indicated nequency band

" At frequencies below 3 GHz, the valdity of tissue perametens [ and o) can be relaxed 1o £ 10% # fguid companaation fonmiula & applad o
maasurad SAR valses, Al equendes above 3 GHz, he validity of tissus parametsms (& and a) & restictsd 1o £ 5%. The uncerlsinty is lha RS of

tha ComvF uncertainty far indicated farget tssue paransbars.

A Alpha Depth ars debammined during calibration. SPEAG warmanls (hal e rermaining desdalticn dus ha the boundary effect after compensabion i .
Always hass than + 1% for fraquencies helow 3 GHz and bakow + 2% for fraquancies batwean 3-6 GHz at ary distance larger than half the prabe lig
diamater from the boundary.

Cenificate Mo: ES3-3244_Marid

Pege 6 of 12
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ESIDWI- 3N 3244 March 19, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

£ (MHz) © mmy i cﬂliléﬁrﬂml:;i:"! ConvFX | ConvFY | ConvFZ | Alpha®” n[nm“ ?EIE

750 55.5 (.96 .20 6.20 6,20 0.7a 1.20 +12.0 %
835 552 0.a7 B6.15 6.15 B5.15 0.40 1.70 +12.0 %
00 55.0 1.05 6.01 5.01 6.01 0.52 147 +12.0 %
1750 53.4 1.48 4.87 4.B7 4.87 0.55 1.47 +12.0 %
1900 53.3 1.52 4.606 466 466 0.55 1.56 + 12,0 %

| 1980 | 533 1.52 4.77 477 | 477 0.47 1.78 +12.0 %
2300 52.0 1.81 4.44 444 4.44 0.70 117 | #120% |
2450 DT 1.45 4.24 4.24 4.24 0.80 1.03 120 %
2550 526 2.09 4.15 415 415 067 1,00 +120%

= Freguency validity of + 100 MHZ anly apples for DASY wi 4 and higher (288 Page 2|, ala il ig rasinicled 1o 50 MHz. Tha uncenainty k& the RSS
of the Gomd uncerainty al calbaton requenay and the unoedainty for the indicaied freguency band

" Al treguencees below 3 GHZ, (ha valdity of (iBaus paramalers = and o) can be relaxed o £ 10% # Foquid comoeraation famiks & applad o
maasured SAR values. A frequences abose 3 GHz, he validity of issue parameters (& and o} s resincted 1o & 5% The uncertainty is the RSS of
the CanvF uncsrdairty Tor indicated farget Gssue parametan.

= Alpha/Dapth are detemnined during calibration. SPEAT warranls Wal the remaining desialion due o the boundary eftect aller compensalion i
atways bass than + 1% for frequances balow 3 GHz and balow + 2% for frequancies between 3-6 GHz at any distance largaer than half the prabe tip
diameter from the boundary.

Cartificata Mo: E53-3244_Mar14 Paga T of 12
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ESIDNW 31— BN;3244 March 19, 2014

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

normalized)
ba
1
T

11 R S S - - s < ...... I

f
L

1.0+

TTTR 17T

Freqguency response

0.7

(111 e

05 IR I AT R AT I S BN B S EN A SVE SN A AU A SR A AN A A

Uncertainty of Frequency Response of E-field: £ 6.2% (k=2)

Cartificate Mo: ES3-3244_Mar14 Page 8 of 12
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ES3DV3- SN:3244 March 19, 2014
Receiving Pattern (¢), 3 = 0°
=600 MHz, TEM f=1800 MHz,R22
" # Da 0, o8 w i ® ® 4 :'(a an
° - o ° s = o [
Tot X Y Z Tot X Y F4

Error [dB)

1 Il T | I T -1 1 1 1
1% -430 Ao 3 5 100 0
o Rt [*]
) o ! °
100 MHz G00 MH2 1800 M2 2500 Mz

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

Certificate No: ES3-3244 Mar14 Page 9 0of 12
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ES3DV3~ SN.3244 March 19, 2014

Dynamic Range f(SAR}cad)
{TEM cell , fova= 1900 MHz)

Input Sgnal [uV]

‘ i - . -
100 10 10°
SAR [mWicm3]

=] (o]
not corpensated compensated

109 107 1[0" 100 1[0' 102 107
SAR [mW/em3|
Le] o]
rot compensated compansated

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

Cerlificate No: ES3.3244_Mar14 Page 10 of 12
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ES3DV3- SN:3244 March 19, 2014

Conversion Factor Assessment

=835 MHz WGLS R9 (H_comvF) f = 1900 MHz WGLE R22 (H_convf)
‘u', F
:s! »«L
e ..n 2‘;.
z 1571' -\I B :o'
£ 2of ? FoN
g | £* N\
154 -
4 10
19
(; 10 x 2 '?"‘ 0 . = L 2 ; w - A3 ::é;‘—*‘; im » ;J
SR =, =3 =
Deviation from Isotropy in Liquid
Error (9, 8), f =900 MHz

-0 06 -06 04 02 00 02 ©O04 06 08 10
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)

Ceriificate No: ES3-3244 Mar14 Page 11 of 12
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ES30V3— SMN-3244 March 19, 2014

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

Other Probe Parameters

Sensor Arrangement Triangular
Canmectar Angle (*) -TE.4
Mechanical Surface Detaction Mode ) | enabled
Opfical Surface Delection Mode - disabled
Probe Cwerall Length o 337 mm
| Probe Body Diamater 10 mm
Tip Length | 10 mm
Tip Diameter | 4 mm
Probe Tip to Sensar X Calibration Paint ' 2mm
Probe Tip to Sensor Y Calibration Paint 2 mm
Probe Tip to Sensor £ Calibration Point ' 2 mm
Recommended hMeasurement Distance from Surface Imm

Carlificate Mo ES3-3244_Mar1d Page 12 of 12
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Calibration Laboratory of £¢M>} S Schwsizerischer Kalibrisrdienst

Schrnl_d & I':'artner % E c Service suisse d'étalonnage
EHQIHEE nng AG z _._;:\-..." = Sarvizio svizzero di taratura

Zoughausstrasss 43, 5004 Zurich, Switzerland Y S  Swiss Calibration Service

Sccredited by the Swiss Accreditation Sanica (545)
The Swiss Accreditation Service ks oneof the signatories o the EA
Multilateral Agreement for the recognition of calibration centificates

Client Cetecom USA

Accreditation No: SCS 108

Cartificate No: DB35V2-4d113_Apri14

[CALIBRATION CERTIFICATE

Olbject DBZ5V2 - SN: 4d113

Calibration procadurais)

Calbration dasa:

QA CAL-05.v3

Calbration procedure for dipole validation kits above 700 MHz

April 07, 2014

Calibration Equipment used (MATE criltical Tor calibration)

This calbration cerificale documents tha imcaabilty 1o rational standands, which realize the physical unils of measurements (51).
The messuremeants and the uncarainias with conlidanca probability & givan an the allawing pages and are part of lhe carificate.

Al calibrations have baen canducted in the closed laboratory facility: emironment temperaiunes (22 £ 3°C and humidity < T0%.

This calioration certificate shall not ba repoduscaed axcept in full without witten approval of tha labonatony,

Frimary Standards 0 & Cal Date {Certificate No.) Schedulad Calibration
Fawar metar EPR-4424 GRE7480704 09-Ct-13 (Mo, 217-04827) Oat-14 .
Pawar sensar HP 84814 LIS aGaTas 09-0z1-13 (Mo, 217-098287) Oel-14
Powar sensor HP 84814 MY 21092317 09-Cicl-13 (Mo, 217-04828) Oat-14
Refarence 20 dB Attanuasor SN: 5058 (20k) 03-Ape-14 [No, 217-01918} Apr-16
Typa-N mismatch combsnation SN 5047.2 / DB3ZT 03-Ape-14 (Mo, 29701921} Ape-16
Refarence Probe ES30VA SN: 3205 30-Dec-13 (Mo, ES3-3205_Dea13} Desz-14
DAES SN: 6 25-Apr-13 (No. DAE4-601_Apri 3] Apr-14
| Becondary Standards D& Check Dake {in housa) Seheduled Check
RF gararabor RES SMT-06 10005 Od-Aung-98 (in hausa check Oct-13) In house chack; Oot-16
| Matwork Analyzer HF 8753E US3ripasas 54206 18-0el=01 [in house check Cct-13) In house chack: Oct-14
Mama Function Sigratura
Calioratad by Leit Klyzner Laboratory Technician fﬁf,%/(/v—"—
Approved by Kaljs Pokouic Technical Manager

lesued: April B, 2014

Cerificate Ma: DB3SV2-44113_Aprid
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CETECOM

Calibration Laboratory of S, S Schweizerischer Kalibrierdionst

Schmid & Partner o= G Service suisse détalonnage
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland i/,,,‘ﬁ‘\‘_\? S swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

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

Multilateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EEE Std 1528-2013, “IEEE Recommended Practice for Cetermining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Fead from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) |EC 62209-1, *Procedure to measure the Specific Absorpfion Rate (SAR) for hand-held

devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Hardbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are vald at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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

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

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

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

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

The reported uncertainty of measurement is stated as the stancard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distrib.tion corresponds to a coverage
probability of approximately 95%.

Centificate No: D835V2-4d113_Apr14d Page 2ol 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYsS V52.8.7
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, 9z =5 mm
Frequency 835 MH2z = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.90 mho/m
Measured Head TSL parameters (220202)°C 416+6% 0,94 mha/m + 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.35 Wikg
SAR for nominal Head TSL parameters normalized to 1TW 9.10 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.51 W/kg
SAR for nominal Head TSL parameters normalized to 1W 5.89 Wikg £ 16.5 % (k=2)
Body TSL parameters
Thae following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mha/m
Measured Body TSL parameters (22.0 £0.2) °C 536+6% 1.02 mho/m = 6 %
Body TSL temperature change during test <05°C —_ —_—
SAR result with Body TSL
SAR averaged over 1 em” (1 g) of Body TSL Condition
SAR measured 250 mW Input power 243 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.30 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW Input power 1.58 Wikg
SAR for nominal Body TSL parameters normalized o 1W 6.11 W/kg = 16.5 % (k=2)

Centificate No: D835V2-44113_Apri4
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed 1o faed point 5080-402
Retumn Loss -278dB

Antenna Parameters with Body TSL

Impedance, transformad to feed point 461Q-71j)Q
Return Loss -21.5d8

General Antenna Parameters and Design

I Electrical Delay (one direction| | 1.3%4 ns

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

The dipole is made of standard semiigid coaxial cable. The center conductor of the feeding line is directly connected to the
sacond arm of the dipole. The antenia is therefore shori-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipols arms in order to improve matching when loaded according to the position as explaned in the
*Measurement Conditions” paragraph. The SAR data are not affected by this changa. The overall dipole length is stil
according to the Standard.

No excassive force must be appliad to the dipole arms, because they might band or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manutactured by SPEAG
Manutactured on May 26, 2010

Certificate No: D835V2-4d113_Apri4 Page 4 of 8
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DASYS5 Validation Report for Head TSL
Date: (07.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d113
Communication System: UID (€ - CW: Frequency: 835 MHz
Medium parameters used: f= 835 MHz: ¢ =0.94 S/m; g, =41.6; p= 1000 kg/m‘

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2007)
DASYS52 Configuration:
¢ Probe: ES3DV3 - SN3205; ConvF(6.22, 6.22, 6.22); Calibrated: 30.12.2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom4.9L; Type: QDOOOP49AA; Serial: 1001
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 55.792 V/m: Power Drift = 0.01 dB

Peak SAR (extrapolated) = 3.54 W/kg

SAR(I g) = 2.35 W/kg; SAR(10 g) = 1.51 W/kg

Maximum value of SAR (measured) = 2.76 Wikg

-12.00

0dB =276 Wkg =4.41 dBW/kg

Cenihcate No: DB35SV2-44113_Apri4 Page S5of 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date; 07.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN: 4d113

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

Medium parameters used: f = 835 MHz; o = 1,02 S/im; & = 53.6; p = 1000 kg/m"
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: ES3DV3 - SN32)5; ConvF(6.09, 6,09, 6.09); Calibrated: 30.12.2013;
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
e Phantom: Flat Phantom 4,9L; Type: QDOOOP49AA; Serial: 1001
o DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 54.505 V/m, Power Drift = -0.01 dB

Peak SAR (extrapolated) = 3.65 W/kg

SAR(1 g) = 2.43 W/kg; SAR(10 g) = 1.58 W/kg

Maximum valuc of SAR (measired) = 2.85 Wikg

-2.20
-4.40
-6.60

-11.00

0dB = 2.85 Wikg = 4.55 dBW/kg

Cenrtificate No: D835V2-4d4113_Apri4 Page 7 of 8
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Impedance Measurement Plot for Body TSL

7 Apr 2014 11103125
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner N 2 Service suisse d'étalonnage
Engineering AG . & Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % 4{"/"‘\\‘"\‘,\? Swiss Calibration Service

Accradiad by tha Swiss Accreditation Senica (SAS)
The Swiss Accreditation Service is one >f the signatories to the EA
Multitateral Agreement for the recognitien of calibration certificates

Cliant Cetecom USA

Accreditation No.: SCS 108

Certifcate No: D1900V2-5d135_Apri4

CALIBRATION CERTIFICATE

Cojact

Calioration date

Calibration procadure(s)

D1920V2 - SN: 5d135

QA CAL-05.v9

Calibration procedure for dipole validation kts above 700 MHz

April 09, 2014

Calbration Equipment uged (MATE critica for calibration)

This calbration cartificate documeants the iraceabilty to national standards, which realize the phesical units of measuremants (SI),
The measurements and tha uncartainties with confidence prabability are given on the fallowing fages and are part of the carlificate

Al calibeations have been conducted in the cleead kaboratory facility: amircnment samparatura (22 = 2)°C and humidity < 70%,

Primary Standards LD # Cal Date {Certéicate No.) Scheduled Calibration
Power meter EPM-4424 | GBE3T4B0704 09-0ct-13 (No. 217-01827) Oct-14
Powar sansor HP 8481A 537292783 09-0ct-13 (No. 217-01827) Oct-14
Power sansar HP 8431A MY41092317 09-0cl-13 (No. 217-01828) Oct-14
Astarsnce 20 dB Attanuator SN: 5058 (20k) 03-Ape-14 (No. 217-01918) Apr-15
Typa-N mismatch combination SN: 5047.2 / 06327 03-Ape-14 (No. 217-01921) Apr-15
Asfarence Probe ES30V3 SN: 3205 30-Dec-13 (No, ES3-3205_Dec1dy Dac-14
DAE4 SN: 601 25-Ape-13 (No. DAE4-601_Apr13) Apr-14
Sacondary Standards DA Check Date {in houge) Schaduled Choack
AF ganerator R&S SMT-06 100005 04-Aug-99 {in housa check Oct-13) In house chack: Oct-16
Network Analyzer HP B753E US373005685 54208  13-Oct-01 (in house check Oct-13 In house chack: Oct-14
Nams Function Signatare
Calibrated by: Claudo Leubler Laboratory Technician | | Y
| \L&=
| Approved by Katjz Pokovic Technical Manager -

This callsrason certificate shall not be repoducad excapt in full without writtan approval of tha leboratory

=
/4

Issued: April 8, 2014

Certificate No: D1900V2-5d135_Apr14
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Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner & y/ % (S: Service suisse d'étalonnage

Engineering AG % Servizio svizzero i taratura
Zeughausstrasse 43, 8004 Zurich, Switzarand {""I.ﬁ&“\? S  swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories ta the EA
Multilateral Agr for the gnitian of calibration certificates
Glossary:

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

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, *IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

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

c) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Condifions: 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.

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

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

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

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

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

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

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

Certfficate No: D1900V2-54135_Apri4 Page 2 of 8
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Measurement Conditions
DASY system configuration, as lar as not given on page 1.
DASY Version DASYS V5287
Extrapolation Advanced Extrapolation
Phantom Modukar Flat Phantom
Distance Dipole Center - TS_ 10 mm with Spacar
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+02)°C 39.126% 1.36 mho/m =6 %
Head TSL temperature change during test <05°C e —
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.85 Wikg
SAH for nominal Head TSL perameters normalized to 1W 39.9 W/kg + 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 5.14 Wikg
SAR flor nominal Head TSL perameters normalized to 1W 20.7 W/kg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (220x02)°C 524+6% 1.52 mhe/m =6 %
Body TSL temperature change during test <05°C - —_—
SAR result with Body TSL
SAR averaged over 1 em® (1g) of Body TSL Condition
SAR measured 250 mW input power 10.1 Wikg
SAR for nominal Body TSL parameters normalized to 1W 40.2 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.34 Wikg
SAR for nominal Body TSL parameters normalized to 1TW 21.3 Wikg = 16.5 % (k=2)

Cenrtificate No: D1000V2-54135_Apri<
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Appendix

Antenna Parameters with Head TSL

Impedancs, transformed 1o feed point S160+T71j0
Aeturn Loss -22.5dB

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4760+ 740
Return Loas -22.0dB

General Antenna Parameters and Design

Electrical Delay {one dirsction’ | 1204 na

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

The dipole Is made of standard semiigid coaxial cable. The cener conductor of the feeding line is directly connected 10 the
second arm of the dipole, The anternna 15 therefore shorl-circuited lor DC-gignals, On gome of the dipoles, small end caps
are added to the dipole ames in orden to improve matching when loaded according 1o the position as explained in the
“Measurement Conditions" paragraph, The SAR data are not affected by this change, The overall dipole length is still
aceording 1o the Standard

Mo excessive foree must be applied 'o the dipole arms, because they might bend or the sckdered connections near the
feedpoint may be damaged

Additional EUT Data

Manulaciured by SPEAG
Manutactured on April 14, 2010

Cerfificate No: D1900VE-5d135_Aprid Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: (9.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d135

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

Medium parameters used: = 1900 MHz; 6 = 1.36 S/m; & = 39.1; p = 1000 kg/m’
Phantom scction: Flat Section

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

DASYS52 Configuration:
» Probe: ES3DV3 - SN3205; ConvF(5.06, 5,06, 5.06); Calibrated: 30,12,2013;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
= Phantom: Flat Phantom 3.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASY5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=35mm

Reference Value = 98.920 V/m: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(1 g) = 9.85 W/kg; SAR(1) g) = 5.14 W/kg

Maximum value of SAR (measutred) = 12.5 W/kg

10456

1395

17.44

0dB=12.5 Wikg = 10.97 dBW/kg

Certificate No: D1900V2-5d135_Apri4 Page50f 8
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Impedance Measurement Flot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 09.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN: 5d135

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

Medium parameters used: f = 1900 MHz; o = 1.52 S/m; g, = 52.4; p = 1000 kg/m'
Phantom section: Flat Section

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

DASY52 Configuration:
e Probe: ES3DV3 - SN3205; ConvF(4.76, 4.76, 4.76). Calibrated: 30.12.2013;
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04,2013
« Phantom: Flat Phantom 5.0 (back); Type: QDOOOPS0AA; Serial: 1002
o DASYS52528.7(1137): SEMCAD X 14.6.10(7164)

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

Reference Value = 95,522 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(I g) = 10.1 W/kg; SAR(10 g) = 5.34 W/kg

Maximum value of SAR (measured) = 12.8 W/kg

Certficate No: D1900V2-5d135_Apri14 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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