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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 ] *j —8— Target
819 53.9137 0.9772| | § 102 Hiquid value
824| 53.8236 0.9818 509; = = [T S Liaud
.= 0.98 1 =
829 53.743 0.9869| | § 406 | o 5% Liguid
834| 53.6696 0.992|| € poa Tolerance
o
839 53.6007 0.9975| | © 0.92 ir==2015/10/28
2015/10/28 | 20.8 844| 53.5324 1.003 0.9 t
849| 53.4787 1.0092 820 840
854 53.4253 1.0153 Frequency (MHz)
859 53.3727 1.0216
864 53.3288 1.0279 Permittivity
869 53.2975 1.0339 59
> 58 +T§rggt
E i Liquid Value
E = 5% Liquid
&é) :g | S Tolerlazlgs
) i e 5% Liquid
P ey | e
&) 52 ey 2015/10/28
51 I
820 840
Frequency (MHz)
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1900 M Hz Body Liquid

. L Conductivity
Temp |Frequency| Relative [ Conductivity
Date (°C) (MHz) [Permativity (S/m) 1.6 —8— Target
15 iqui
1853] 52036 140s| | £ 72¢ Hiauid value
< = 5% Liquid
1860 52.0165 15022| | > 1.54 z“"- ol
E 1.52 olerance
1861) 520142 15033| | 8 s L] — 55 Liuid
1862 52.0121 1.5046| | © 1.42 Tolerance
o
1863| 52,0083 15058 | S 17e it 2015/10/27
2015/10/27| 20.2 1880 51.956 1.5258 1.42
1881 519535 15272 1845 1895
1882 51.9474 1.5285 Frequency (MHz)
1900 51.8763 1.55
1909 51.837 1.5601 Permittivity
1910 51.8371 15614
> 56 —{— Target
S 55 Liquid Value
E= == 5% Liquid
% 54 Tolerance
Q. 53 o
L == -5% Liquid
g 52 T Tolerance
& 51 iy 2015/10/27
50
1845 1895
Frequency (MHz)
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1900 M Hz Body Liquid

. . Conductivity
Temp |Frequency| Relative [ Conductivity
Date (((®) (MHz) [Permativity (S/m) 1.6 —8— Target
15 iqui
1853|  51.2425 15036| | £ 126 ("A' Ligi Vaue
1860 512083 15100| | 154 ekl
= 152 _Jé olerance
1861)  51.2089 15116| | B 15 - o— 5% Liquid
1862 51.2029 15128| | B 122 Tolerance
o
1863|  51.1948 15138| | © 144 == 2015/10/30
2015/10/30| 20 1880 51.1317 1.5329 1.42
1881] 511289 15341 1845 1895
1882 51.1242 1.5352 Frequency (MHz)
1900 51.0512 1.5569
1909 51.0157 1.5667 Permittivity
1910 51.0113 1.5682
> 56 —{— Target
= 55 Liquid Value
E == 5% Liquid
% 54 Tolerance
Q. 53 -
L = _5% Liquid
s 52 Tolerance
E 51 el ——h| |t 2015/10/30
50 | I |
1845 1895
Frequency (MHz)




FCC ID: TCZ-10103379G1
IC Cert. No.: 1175F-10103379G1

SAR-UTCFI-008-15001-FCC-Appendix C - Misc

CETECOM"
L

Page 5 of 42

1900 MHz Body Liquid

Frequenc | Relative | Conductivit
Temp y Permativi \
Date (°C) | (MH2) ty (S/m)

1853 51.4059 1.4791

1860 51.3806 1.4946

1861 51.3735 1.497

1862 51.3752 1.4971

1863| 51.3675 1.5001

2015/11/19| 204 1880 51.42 1.5279
1881| 51.4218 1.5292

1882 51.4242 1.5296

1900 51.4433 1.5377

1909| 51.4013 1.5374

1910 51.3921 1.5369

Conductivity
—8— Target

% 1.57 Liquid Value
= . —e— 5% Liquid
é‘ - A Tolerance
'S 152
g —o— -5% Liquid
-é 1.47 4 Tolerance
8 e 2015/11/19

1.42

1845 1895
Frequency (MHz)
Permittivity
> 56 = Target
E Liquid Value
£ 55
€ —e— 5% Liquid
g > Tolerance
% >3 —— -5% Liquid
£ 52 Tolerance
S A-h— -
& 51 ] 2015/11/19
50 [ 1
1845 1895

Frequency (MHz)
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Test Equipment
SAR1 Lab
Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)
Robot Staubli TX90 F10/5D3NAY NIA N/A
A/01
SAM Twin Phantom SPEAG SM 000 TO1 DA 1592 N/A N/A
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 1233 20140317 | 2016103117
Electronics
SAR Probe SPEAG ES3DV3 3260 2014/03/19 2016/03/19
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Shared Equipment
Instrument Supplier / Model Serial No. Calibration (date) Calibration
description Manufacturer Due (date)
835 MHz Dipole SPEAG D835V2 4d113 2014/04/07 2016/04/07
1900 MHz Dipole SPEAG D1900V2 5d135 2014/04/07 2016/04/07
Network Analyzer Agilent E5071B MY42404685 2015/04/11 2016/04/11
Directional coupler Werlatone 6529 11249 N/A N/A
RF Amplifier Vectawave VTL5400 N/A N/A N/A
Dielectric | SPEAG DAK-3.5 1023 2014/04/08 2016/04/08
Measurement Kit
Synthesized CW Agilent 8371213 US37101255 NIA N/A
Generator
Software R8S Poer Vener Plus NIA NIA N/A
Power Sensor R&S NRP-Z22 100223 2013/06/17 2016/06/17
Power Sensor R&S NRP-Z81 100161 2013/06/15 2016/06/15
20 dB Attenuator Huber & Suhner N/A N/A N/A N/A
3 dB Attenuator Huber & Suhner N/A N/A N/A N/A
3 dB Attenuator Huber & Suhner N/A N/A N/A N/A
Radio Rohde &
Communications Sch CMU 200 110759 2015/07 2017/07
chwarz

Tester
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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 N, o
Schmid & Partner A Z"".'::‘L".ﬁ';.“&.m... ™

Engineering AG ey Servizio svizero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % 4@.\‘,\? Swiss Calibration Service
Accredted by e Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service I5 one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
cient  Cetecom USA Certificate No: ES3-3260_Mar14
CALIBRATION CERTIFICATE |
Copct ES3DV3 - SN:3260
Calbration precedure(s) QA CAL-01.19, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field prabes

Calbration dae: March 19, 2014

This calibeation centficate documents the fraceablity to national standards, which reaiize (he physical unis of measurements (S1).
The massLr and the uncentsi with confid bakilty are given on the foliowing pages and are part of the certificate.

All calbraticas have baen canducted in the closed laboratory faclity: ervironmernt temperature (22 = 3)°C and hamidity < T0%.

Calbration Equpment usec (MATE critical for caibration)

Primary Standards ") Cal Date (Certificate No.) Scheduled C
Power meter E44128 Ga41206874 04-Apr-13 (No. 217-01733) Ape-14
Power sensor E44124 MY41489087 04-8pr-13 (No. 217-01733) Ape-14
Referance 3 ¢B Atleruater SN 86054 (3c) 04-Apr-13 (No. 217-01737) Apr-14
Referance 20 dB Afteruator SN: S8277 (20x) 04-Apr-13 (No. 217-01735) Ape-14
Raferance 30 dB Allenustor SN: 85128 (30b) 04-8pr-13 (No. 217-D1738) Ape-14
Reterence Probe ESIDV2 SN: 3013 30-Dec-13 (No. £53-3013_Oec13) Doc-14
_Daga SN 680 13.00c-13 (No. DAE4-680_Dec13) Dac-14
S dary Standards 0 Check Daste (in house) Scheduled Check
RF generator HP B648C US3642001700 4-Aug-99 [in house check Ape-13) In house check: Apr-16
Network Anatyzer HP B753E US537390585 18-0ct-01 {in house check Oct-13) In house check: Oz 14

L
Name Function qf\‘a! C)
Caltratad by Claudio Leubler Laboratory Technician )

Approved by: Katj Pokonic Techrical Manager M

Issuad: March 20, 204

Thiz carlibration carsficate shall not ba reoroduced excent in full without weitien appeoval of tha laboeatory

Certificate No: ES3-3260_Mar14 Page 1 of 12
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Calibration Laboratory of rischer Kalibeiedi

Schmid & Partner Service suisse d'étalonnage
Engineering AG Sorvizio svizzero di taesturs

Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service

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

The Swiss Accraditation Sarvice is one of the signatories to the EA

NMultitateral Agr for the gnition of calibration certificates

Glossary:

TSL tissue simulating liguid

NORMx,y,z sensitivity in free space

ConvF sensitivity In TSL / NORMx,y.z

pcP diode compression point

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

ABCD modulation dependent linearization parameters

Polarization @ o rotation around probe axis

Polarization 5  rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 9 = 0 Is normal to probe axis
Connecior 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 Human Head from Wireless Communications Devices: Measurement
Techniques®, June 2013

b) 1EC 62209-1, “Precedure 1o 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

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

*  NORM(l)x.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 softwara versions later than 4.2. The uncertainty of the freguency response is included
in the stated uncertainty of ConvF.

* DCPx.y,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 on the signal
characteristics

o Axyz Bxyz Cxyz Dxyz VRxyz A B, C, D are numerical linearzation parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR & the maximum calibration range expressed in RMS voitage acress the diode,

¢ ConvF and Boundary Effect Paramelers: 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 > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConviF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending tha validity from = 50 MHz to £ 100
MHz,

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

= Sonoor Offact: The acnoor offact corrcaponds to the offact of virtual mensurement center from the probe tip
(on probe axis). No tolerance required,

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

Cartificate No: ES3-3260_Mar14 Page 2of 12
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ESSDVS - SN:3260 March 12, 2014

Probe ES3DV3

SN:3260

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 systern!)

Cartficata No: ES3-3260_Mar14 Page 3 of 12
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ES3DV3- 8N:3260

March 19, 2014

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

Basic Calibration Parameters
Sensor X Sensor Y SensorZ Unc (k=2)
Norm (uV/i(Vim)*)" 1.30 1.37 118 =101 %
DCP (mV)" 104.8 102.1 104.2
Modulaﬁon Calibration Parameters
Communication System Name A B c ) VR Unc-
d8 dBV v a3 mvV (k=2)
0 cW X 0.0 0.0 1.0 000 | 2198 | 233 %
Y 0.0 0.0 1.0 1957
2 0.0 0.0 1.0 2088
g{g:- UMTS-FDD (WCDMA] X | 33 67.4 18.8 281 | 1278 | 07 %
Y | 340 6874 18.7 1346
Z 3.34 G67.6 1B.8 1454
'1)%1- GSM-FDD {TDMA, GMSK) X | 3039 99.4 28.9 939 | 1356 | $19%
Y | 2856 99.7 28.9 131.2
Z | 2991 99.6 287 118.9
%# GPRS-FDD (TOMA. GMSK, TN 0-1) X | 4486 999 263 656 | 1236 | #14%
Y | 4401 99.9 259 1264
Z2 | a270 90,7 26.1 147.0
&00;’7- GPRS-FDD (TOMA. GMSK, TN 0-1-2) X | 5301 99.7 24.7 480 | 1300 | =17 %
Y | 5058 99.6 245 137.2
2 | 5282 99.6 24.4 1235
30328- GPRS-FDD (TOMA. GMSK, TN 0-1-2-3}) | X | 59.40 99.6 235 355 | 137.7 | 2.7 %
Y 508.13 99.9 233 140.0
Z | s6.71 99.7 23.4 126.5
30:‘- CDMA2000 (1XRTT. RC3) X | 412 67.1 19.1 397 | 1485 | 207 %
i Y| 4900 66.0 18.4 131.8
z | 409 67.0 19.1 146.9
10100- LTE-FDD [SC-FDMA, 100% RB, 20 F 3 8.60 8.2 20.1 5.67 1441 212%
CAB MHz, QPSK)
Y | 6835 67.0 19.4 125.9
Z | 85 68.2 20.1 141.7
10103- | LTE-TDD (SC-FDMA, 100% RB, 20 X | 1238 777 265 629 | 1279 | 230%
CAB MHz, CPSK}
Y | 1264 188 271 136.2
Z | 1227 78.1 26.9 122.6
10108- | LTE-FDD (SC-FOMA, 100% RE, 10 X | 65 67.9 20,0 580 | 1428 | 21.2%
CAB MHz, CPSK)
Y| 634 66.9 19.5 126.4
Z | 847 67.7 20.0 140.9
10151- | LTE-TDD {SC-FDMA, 50% RE,20MHz, | X | 11.60 76.9 263 | 928 | 1226 | 233 %
CAB QPSK)
Y | 1183 7.7 26.7 1306
ST 2] 1311 80.6 28.1 149.4
10154- LTE-FDD (SC-FOMA_ 50% RB, 10 MHz, X 6.18 67.2 19.7 575 139.6 1.4 %
CAB aPsK)
Y | 825 67.2 19.7 146.4
2 | 641 67.0 19.6 1383

Cerlificate No: ES3-3260_Mar14

Page 4 of 12
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ES3DV3- SN:3260 March 19, 2014
10169- LTE-FDD (SC-FDMA, 1 RB, 20 MHz, X 5.19 67.1 198 5.7% 1437 | $1.2%
CAB QPSK)

Y 5.26 67.3 19.9 1498

z 5.20 67.2 19.9 143.3
10172- LTE-TDD {SC-FOMA, 1 RB, 20 MHz, X | 1341 86.4 30.9 921 1385 | #¥33%
CAB QPSK)

Y | 1053 80.4 28.2 1218

Z | 1256 85.1 30.3 139.8
10175~ LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 520 67.1 19.9 572 1306 | #1.2%
CAg QPSK)

Y 5.10 6.5 195 130.7

z 5.14 669 19.8 139.8
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz. | X 644 675 19.9 5.8° 1369 | #1.2%
AAA QPSK)

Y 6.34 66.9 195 127.4

z 6.44 67.6 199 1409
10403~ CDMA2000 {(1xEV-DO, Rev. 0) X 464 66.9 183 3.76 1319 +0.7 %
AR

Y 4.81 67.4 18.5 143.6

= 4 4.68 67.1 18.4 135.2

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

; The uncerainties of NormX,Y.Z do net affect
b -

r ' p ;
F Uncertainty is detarinad using the max

il value

y not recpred

the E*-fid uncenainty inside TSL (see Pages Band 7).

deviation from Inear resporss applying rectanguisr distribuion and s expressad for the square of the

Certificate No: ES3-3260_Mar14

Page 5 of 12
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ES3DV3- SN.3260 March 19, 2014

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

Calibration Parameter Determined in Head Tissue Simulating Media

Relat Conductivity Depth® Unet

f(MH2)© | Permittivity” (Sim) " ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 419 0.88 5.47 6.47 6.47 0.80 1.12 £12.0%
835 415 0.90 6.25 6.25 6.25 0.31 177 | #120%
900 415 0.97 6.19 6.13 6.19 0.57 1.31 +120%
1750 40.1 1.37 549 543 5.49 0.41 1.64 +120%
1900 40.0 1.40 5.47 5.47 547 0.80 116 | +120%
1950 400 1.40 5.28 5,28 5.28 0.65 1.32 +12.0 %
2300 395 1.67 4.88 4.88 4.88 0.80 1.30 +12.0%
2450 392 1.80 4.58 4.58 4.56 0.80 1.24 | £120%
2550 39.1 1.91 4.41 4.41 4.41 0.71 136 | £+120%

© Frequency validity of £ 100 Mhz oy apples for DASY vd.4 and higher (soa Paga 2), else it I5 restricied 8 + & MMz. The uncartanty i the RSS
of the Comf unceranty al caibration fr y and he inty for the indk frequancy band.

¥ At frequencies belaw 3 GHz, the validity of tissua parameters (s and a) can be relaxed to + 10% if liquid compensaton formata is applied to
measurad SAR values. At fraquencias above 3 GHz, the validity of lissue parameters (¢ and a) is restricted to £ 5% The uncertainty is the RSS of
the ConvF uncertainty for indicated target tEsue paramesers.

“ Alpha'Depth are determinad during calibration. SPEAG warrants that the remaining daviation tue to tha boundary effect ater compenzation is
slways iess than £ 1% for frequencias below 3 GHz and below £ 2% for frequencies between 3.6 Gz at any distince larger $han hakf the prabe tp
clamater from the boundary.

Certificate No: ES3-3260_Mar14 Page 6 of 12



FCC ID: TCZ-10103379G1

IC Cert. No.: 1175F-10103379G1 SAR-UTCFI-008-15001-FCC-Appendix C - Misc Page 15 of 42

ES30V3- SN:3260 March 18, 2014

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

Calibration Parameter Determined in Body Tissue Simulating Media

Relative COMuctlvlty Depth® Unct.

f(MHz)® | Permittivity” (Stm)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 56.5 0.96 6.22 6.22 6.22 0.34 188 | £120%
835 55.2 0.97 8.14 6.14 6.14 0.37 179 | £120%
900 55.0 1.05 6.02 6.02 8.02 0.56 138 | £120%
1750 53.4 1.49 4.90 4.90 4.90 0.56 1.48 £120%
1900 §3.3 1.52 469 4.69 469 0.60 145 | £120%
1950 53.3 1.52 4.81 481 481 0.54 158 | +120%
2300 52.9 1.81 442 442 | 442 0.80 1.22 £12.0%
2450 52.7 1.95 4.26 426 | 426 0.88 112 | 120%
__2550 526 2.09 4.15 a15 | 415 0.80 1.01 +12.0 %

© Frequency valigity of = 100 MHz onlly applias for DASY 4.4 and higher (502 Paga 2), 6156 It Is restrictad 1o + 5C MHz. The uncertainty i the RSS
of the Com& uncertainty at calibration freg y and the unc y for the indcated frequancy band.

" At requencies below 3 GHz, the validity of tissue paramaters (« and «) can be rakaxad to + 10% # ligusd compensaton foemuia is appled to
measured SAR values. At frequancies above 3 GHz, the validity of tissue pacameters (¢ and o) is restricled to & % Tha uncerainty is the RSS of
the ConvF uncertainty for mdicated target tissue parameters

© aphaiDepth are delemined during calbration. SPEAG that the cua to the boundary effact after compansation i
always lass than £ 1% for frequancias below 3 GHz and below + Awhqum batween 3.6 GHz at any distance rger than half the probe tip
dameter from the boundary.

Cerlificate No: ES3-3260_Mar14 Page 7 of 12
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ES3DV3- SN:3260 March 19, 2014

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

1’

TTT

TT 1

12

Frequency respense (normalized)

T e DI, W W U,
09 l
e e e e |
06
05 : 1 1 T | 1 | T 1 1 | T | | ] 1 ! T Il T |
0 500 1000 1800 2000 2500 2000
f [MHz)

& ez

Uncertainty of Frequency Response of E-field: * 6.3% (k=2)

Certificate No: ES3-3260_Mari14 Page 8 of 12
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ES3DV3- SN:3260 March 19, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz,R22
° ) " o = © 3
T X Y z Tot x Y z

!
[
-0.54 <

+
} I 1T MRS AR B0 $) 2 g 1 B [ — PR (N e

E. T T T T y I

150 190 30 [ S50 100 120

Rotl [
L ° ' ’ o
100 MMz 00 Mz 1800 MH2 2500 Mz

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

Certificate No: ES3-3260_Mar14 Page 9 of 12
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ES3DV3- SN:3260 March 19, 2014

Dynamic Range f(SAR¢ad)
(TEM cell , fova= 1900 MHz)

1004

10%+-

10¢

Input Signal [uV)

10* Fiey

10+

10° 10! 10 0 10 10? 10¢
SAR [mW/cm3]

N
not compensatad compensated

2 :
14 i i
E 0 e B "iﬂ_.:_,.
w R
a4 oty g3t
2 T 4 T i
102 102 101 10 0 102 102
SAR [mW!emn3)
< .
not compensated compenssted

Uncertainty of Linearity Acscsecsement: £ 0.6% (k=2)

Certificale No: ES3-3260_Mar14 Page 10 of 12



FCC ID: TCZ-10103379G1

IC Cert. No.: 1175F-10103379G1 SAR-UTCFI-008-15001-FCC-Appendix C - Misc

CETECOM™

Page 19 of 42

ES3DV3- SN.3260 March 19, 2014
Conversion Factor Assessment
f = 835 MHz WGLS R9 (H_corvF) = 1900 MHz WGLS R22 (H_comvF)
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vl £yvn)
. o) L] 2l
aravecal resssec ayiow el

Deviation from Isotropy in Liquid
Error (¢, 9), f =900 MHz
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-na 02 N0 02 04
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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ES30V3- SN:3260 March 19, 2014

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

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) -79.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4 mm
Probe Tip to Sensor X Calibration Point 2mm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
"Recommended Measurement Distance from Surface 3mm

Cerlificate No: ES3-3260_Mar1d Page 12 of 12
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Calibration Laboratory of

Schmid & Partner S
Engineering AG c
Zgughausstrasse 43, B004 Zurich, Switzerland S

Agtradibted by the Swiss Acoreditalion Sanca (545)
The Swiss Accreditation Service is oneof the signatories to the EA
Multilateral Agreement for the recognition of calibration cerificates

Client Cetecom USA

Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Cartificate No: DB35V2-4d113_Apri4

[CALIBRATION CERTIFICATE

Objact Dazsv2 - SN: 4d113

Calibration procadurads)

Calibration data:

QA CAL-05.v3

Calbration procedure for dipole validation kits above 700 MHz

April 07, 2014

This calibralion cerlificale documents the racaabilty o national standards, which realize he physical unils of measurements (51).
The measurements and the uncarainties with confidance probability ana givan an 1he following pages end are part of (he cenilicate.

Al calibratiors have baen conducied in the closed leborstony facility: endronmen bemperaiun (22 + 35°C and hurmadity < 0%,

Calibration Equipment used (ME&TE ciitical for calibration)

Primary Standards 10 & Cal Date (Certificata Ne.) Schedulad Calibration

Pawar meter EPR-4424 GR:7480704 09-0c1-13 (Mo, 217-09827) Oet-14

Pawar sensar HP 84814 LIS sragaTas 09-Ciot-13 (Mo, 297-04827) Del-14

Pawar sensar HP 84814 WYL 1052317 09-Oct-13 (Mo, 2H7-01828) Oel-14

Refarance 20 dB Attanuator SM: 5058 (20k) 03-Ape-14 (Mo, 217-01918} Apr-16

Typa-W mismalch cambinaton SM; 5047.2 / 06327 D3-Ape-14 (Mo, 29709821} Apr-15

Refarence Probe ES30VA SM: 3805 30-Dac-13 (Mo, ES3-3205_Dea1 3} Desz-14

DAE4 SM; B 25-Ape-13 [Mo. DAE4-601_ApriE) Apr-1d

Secondary Standands 103 & Check Date {n housa) Echeduled Chesk

RF ganarator RES SMT-06 10005 Od-Aug-98 (in hausa check Oct-13) In house chack: Oct-16

Mabwork Analyzes HP 8753E USIriedsas 542068 18-Ocd=1 [in house check Oct-13) In house chack: Oot14
Hama Function Sigratuna

Caliratad by Leif £lyaner Laboeatory Technician fﬁf,ﬁ/f/v—"—

Approved by Kaljs Pokouic Technical Manager

This calioration cestificate shall not ba repoducaed axcept in full without written approval of tha labonatony,

lesued: April B, 2014

Certificate Mo: DB3SV2-44113_Apri4
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst

c Service suisse d'étalonnage
Servizio svizzero di taratura

S swiss Calibration Service

Accrediled 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) IEC 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 valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

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 inpJt 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 distribation corresponds to a coverage
probability of approximately 95%.

Centificate No: D835V2-4d113_Apri4 Page20t8
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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, dz =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 (22020.2)°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 lo 1W 5.89 Wikg = 16.5 % (k=2)
Body TSL parameters
The 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 53.6+6% 1.02 mho/m = 6 %
Body TSL temperature change during test <05°C -— -
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.43Wkg
SAR for nominal Bedy 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 to 1W

6.11 Wkg = 16.5 % (k=2)

Centificate No: D835V2-44113_Apri4
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed 1o faed point 5080Q-402
Return Loss -278d8B
Antenna Parameters with Body TSL
Impedance, transformad to feed point 461Q-71jQ
Return Loss -215d8
General Antenna Parameters and Design
| Electrical Delay (one direction| [ 1.3%4 ns

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

The dipole is made of standard semrigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna 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 excessive 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

Manufactured on

May 26, 2010

Certificate No: D835V2-4d113_Apri4
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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)

DASY52 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(] g) = 2.35 W/kg; SAR(10 g) = 1.51 W/kg

Maximum value of SAR (measared) = 2.76 Wikg

dB
0

2.40
!-4.80
7.20

-9.60

-12.00

0dB =276 Wkg =441 dBW/kg

Ceninhcate No: DB35V2-44113_Apri4 Page5of 8
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Impedance Measurement Plot for Head TSL

ICHY] s11 1UFSs 1: 5893 0

Del

CH2 s1a LoG S 9B/ REF _-20 dB

Del : \

ca [ | [ ™~

7 Apr 2044 14:26:05
-4.6008 o 47.651 pf 935,800 006 Nz

127,881 dB 835,009 088 MHz

fvg

1e

Hlg

START £35.000 638 MHz

STOP 2 925.000 000 MHz

Certificate No: DB36V2-4d113_Aprid
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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; ¢ = 1,02 S/m; & = 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 DASYS5252.8.7(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 value of SAR (measared) = 2,85 Wikg

-2.20
-4.40
-6.60

-11.00

0dB = 2.85 W/kg = 4.55 dBW/kg

Centificate No: D835V2-4d113_Apri4 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

.
SN,

r SN, Schweizerischer Kalibrierdienst

Schmid & Partner S Service suisse d'étalonnage
Engineering AG % Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand NS Swiss Calibration Service

“orfut b

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

Client Cetecom USA

Accreditation No.: SCS 108

Certifcate No: D1900V2-5d135_Apri14

CALIBRATION CERTIFICATE

Calbration Equipment uged (MATE critica for calibration)

Cojact D1920V2 - SN: 5d135
Callbeation procadure(s) QA CAL-05.v9

Calibration procedure for dipole validation kts above 700 MHz
Calbration date April 09, 2014

This calbration cartificate documants the receabilty to national standards, which realize the phsical units of measuremants (SI),
The measurements and tha uncartainties with contidence probability are given an the fallowing rages and are part of the carificate

Al calibeations have been conducted in the clesad faboratory facility: amironment samparatura (22 = 2)°C and humidity < 70%,

Primeary Standards LD # Cal Date (Certéioate No.) Scheduled Calibeation
Power meter EPM-2424 GE3T4B0704 09-0ct-13 (No. 217-01827) Oct-14
Powar sansar HP 84814 537292783 09-Dct-13 {No. 217-01827) Oct-14
Power sansor HP 8431A MY41092317 09-0cl-13 (No. 217-01828) Oct-14
Asfarsnce 20 d8 Attanustor SN: 5058 (20K) 03-Ape-14 (No. 217-01918) Apr-16
Typa-N mismatch combination SN; S047.2 /06327  03-Ape-14 (No. 217-01921) Apr-15
Asfarsnce Probe ES3I0V3 SN: 3205 30-Dec-13 {No. ES3-3205_Dec13| Dec-14
DAE4 SN: 601 25-Ape-13 (No. DAE4-801_Apr13) Apr-14
Sacondary Standards DA Check Date {in houge) Schaduled Chack
AF generator R&S SMT-06 100005 04-Aug-99 {in house check Oct-13) In house chack: Oct-16
Network Analyzer HP B753E LS31300585 S4206  18-00101 (In howse check Oct-13 In house chack: Oct-14
Nams Function Signatare
Galibrated by: Claudo Laubler Laboratory Technician k \ ;
e
Approved by. Katja Pokovic Technical Manager R

This callzrason certificate shall not be repoducad excapt in full without wiittan approval of tha leboratory

e
5T 5

Issued: April 9, 2014

Centificate No: D1900V2-5d135_Apr14
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Calibration Laboratory of _‘\e\‘&'_',"],,, ischer Kalibrierdi

Schmid & Partner i Service suisse d'éalonnage
Engineering AG % C  Servizio svizzero o tarstura

Zeughausstrasse 43, 8004 Zurich, Switzarand 2 4@‘\‘.\? S swiss Calibration Service

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

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

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

Electrical Delay: One-wnay 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: 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
nominal SAR result,

The reporled uncerlainly of measurement is slaled as he 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 cenfiguration, as lar as not given on page 1.

DASY Version DASYS V5287

Extrapolation Advanced Extrapolation

Phantom Modukar Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

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 400 1.40 mho/m

Measured Head TSL parameters (220x02)°C 39.126% 1.36 mho/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 9.85 Wikg

SAR for nominal Head TSL perameters normalized to 1W 39.9 W/kg + 17.0 % (k=2)

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

SAR measured 250 mW input power 5.14 Wikg

SAR for 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 (220+02)°C 524+6% 1.52 mhoe/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 Wkg

SAR for nominal Body TSL parameters normalized to 1W 40.2 Wikg = 17.0 % (k=2)

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

SAR measured 250 mW input power 5.34 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.3 Wikg * 16.5 % (k=2)

Centificate No: D1900V2-54135_Apri¢
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point S5160+71j0
Return Loss -2p.0dB

Antenna Parameters with Eody TSL

Impedance, transformed to heed point 4TEQ+TA4IQ
Heturn Loss -22.0dB

General Antenna Parameters and Design

Electrical Delay {one direction’ | 1.204 na

After long term use with 100W radiated power, only & slight warming of the dipale near the feedpaint can be measured,

The dipole is made of standard semiigid coaxial cable. The center conductor of the feeding line is directly connected 1o the
second arm of the dipole, The anenna is therefore shor-circuited for DC-signals. On gome of the dipoles, small end caps
arg added to the dipole ams in onder o improve matching when loaded according (o the position as explained in the
“Measurement Conditions” paragraph, The SAR data are not affected by this change, The overall dipole length is stil
according 1o the Standard

Mo excessive force must be applied o the dipale arms, because they might bend or the scldered connections near the
feedpaoint may be damaged

Additional EUT Data

Manulaciurned by SPEAG
Manutactured on April 14, 2010

Cerfificate No: D1300V2-5d135_Apri4 Page 4 of B
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DASYS5 Validation Report for Head 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 = 1.36 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: QDOOOPSOAA; Serial; 1001
« DASYS5252.8.7(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=5mm, dy=Smm, dz=5mm

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

1045
1395

17.44

0dB = 12.5 Wike = 10.97 dBWikg

Certificate No: D1900V2-5d135_Apri4 Page 50f 8
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Impedance Measurement Flot for Head TSL

9 Apr 2014 11:34:09
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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; &, = 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;
« Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04,2013
+ Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
o DASYS2528.7(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=5Smm, 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) = 2.8 W/kg

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

9 Ap~ 2014 11:33:34
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Schmid & Pariner Engneanng AG

()
o
®

Y]

e

Zeughausstrasse 43, BI04 Zurich, Switzedand
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, httpwww.spaag.com

IMPORTANT NOTICE

USAGE OF THE DAE 4

The DAE unit is a deficate, high precision instrument and requires careful treatment by the user. There are no
senviceable parts inside the DAE. Special attention shall be given to the following points:

Battery Exchange: The battery cover of the DAE4 unit is closed using a screw, over tightening the screw may
cause the threads inside the DAE o wear out.

Shipping of the DAE Before shipping the DAE to SPEAG for calibration, remove the batteries and pack the
DAE In an antistatic bag. This antistatic bag shail then be packed Into a larger box or container which pretects the
DAE from impacts during transportation. The package shall be marked to indicate that a fragile instrument is
inside.

E-Stop Fallures Touch detection may be malfunctioning due to broken magnets in the E-stop. Rough handling
of the E-stop may lead 1o damage of these magnets, Touch and collision errors are often caused by dust and dint
accumulated in the Estop. To prevent Estop fallure, the customer shall always meunt the probe to the DAE
carefully and keep the DAE unit in a non-dusty environment if not used for measurements.

Repair: Minor repairs are performed at no extra cost during the annual calibration. However, SPEAG reserves
the right to chame for any repalr especially if rough unprofessional handling caused the defect.

DASY Configuration Flles: Since the exact values of the DAE Input resistances, as measured during the
calibration procedure of a DAE unit, are not used by the DASY software, a nominal value of 200 MOhm is given

in the corresponding configuration file.

Important Note:
Warranty and calibration is void if the DAE unit is disassembled partly or fully by the
Customer.

Important Note:

Never attempt to grease or oil the E-stop assembly, Cleaning and readjusting of the E-
stop assembly is allowed by certified SPEAG personnel only and is part of the annual
calibration procedure.

Important Note:

To prevent damage of the DAE probe connector pins, use great care when installing the
probe to the DAE. Carefully connect the probe with the connector notch oriented in the
mating position. Avoid any rotational movement of the probe body versus the DAE
while turning the locking nut of the connector. The same care shall be used when
disconnecting the probe from the DAE.

Schmid & Pariner Engineering

TN_BRO040315AD DAE4.doc 11.12.2009
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Calibration Laboratory of i\'_,/"//, Betwotcerischer Kalibriords

Schmid & Partner & = Service suisse d'étalonnage
Engineering AG 3 Servizio svizzero di taraturs

Zeughausstrasse 43, 5004 Zurich, Switzerland 7'4@? Swiss Calibration Service

Accredited by the Swiss Accredilation Servica (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificates

Client Cetecom USA Cenrtificate No: DAE4-1233_Mar14
CALIBRATION CERTIFICATE
Object DAE4 - SD 000 D04 BM - SN: 1233
Calbration procadurels) QA CAL-06.v26

Calibration procedure for the data acquisition electronics (DAE)
Calioration date; March 17, 2014

Thés calibration cetificate documents the traceabiity 1o national standards, which realize the physical units of measurements (1)
Tha meast and the uncertainties with contidence probablity are gven on the following pages and are part of the centficate.

Al calibrations have been conductad in tha closed labsratory facilty: environment temperaturs (22 4+ 3)°C and humidiy < 70%.

Calbration Equipment used (MATE critica? for calibration)

Primasy Standards D # Cal Daste (Certificate No.) Scheduled Calibration
Kethlay Muttimeter Type 2001 | SN: 0810278 01-0ct-13 (No:13376) Cct-14
Secondary Swandards lios Check Date (in house) Scheduled Check

Auto DAE Calibeation Unt
Calibrator Box V2.1

SE UWS 053 AA 1001 07-Jan-14 {in house check)
SE UMS 005 AA 1002 07-Jan-14 {in house check)

In housa chock: Jan-15
In house chack: Jan-15

Name Function Signature
Cafbrated by Eric Hainfeld Techrician — ) =,
Approved by: Fin Bomhoit Deputy Technical Managar ' e
WV | \LU-‘ x
Issued: March 17, 2014
This calivration certificate shall not be raproduced excepl in ful without written spproval of the laborstory. |

Certficate No: DAE4-1233_Marid Page 1 of 5
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Calibration Laboratory of {s““"\'g/jz‘z’ S Schweizorischar Kallbrisrdianst

Schmid & Partner : z c Service sulsse d'étalonnage
Engineering AG o Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland —-,,,,ﬁ\_y‘ S Swiss Calibration Service

ol

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

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

Multilateral Agr nt for the gnition of calibration certificates

Glossary

DAE data acquisition electronics

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

coordinate system.

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

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

« The following parameters as documented in the Appendix contain technical information as a

result from the performance test and require no uncertainty.

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

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

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

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

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

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

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

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

Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No:
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DC Voltage Measurement
A/D - Converter Resolution nominal

High Range: iLSB = 6.1V, full range =  -100...+300 mV
Low Range: LS8 = &1nV, fullrange = -1....... +3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y z
High Range 404.917 + 0.02% (k=2) | 405.640 + 0.02% (k=2) | 406.020 + 0.02% (k=2)
Low Range 3.98643 + 1.50% (k=2) | 4.005690 + 1.50% (k=2) | 4.02375 + 1.50% (k=2)

Connector Angle

[Conncctou Angle to be used in DASY system

3020°%1°

l

Centificate No: DAE4-1233_Mari4
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Appendix
1. DC Voltage Linearity
High Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 200032.07 -1.42 -0.00
Channel X + Input 20002.94 0,69 -0.00
Channel X = Input -20003.18 2.34 -0.01
Channel Y + Input 200032.48 0.76 -0.00
Channel Y + Input 20001.74 -1.80 0.01
Channel Y - Input -20004 .41 1.24 -0.01
Channel Z + Input 200032.53 -0.98 -0.00
Channel Z + Input 20002.61 -0.89 -0.00
Channel Z - Input -20004.60 1.10 -0.01
Low Range Reading (uV) Difference (uV) Error (%)
Channel X + Input 2000.14 -0.13 -0.01
Channel X + Input 201.63 1.56 0.78
Channel X = Input -198.75 0.96 -0.48
Channel Y + Input 2000.05 0.04 0.00
Channel Y + Input 199.94 -0.05 -0.02
Channel Y - Input -200.20 -0.40 0.20
Channel Z + Input 1999.65 £0.27 -0.01
Channel Z + Input 199.46 -0.55 027
Channel Z - Input -200.79 -0.93 0.46
2. Common mode sensitivity
DASY i nent parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Common mode High Range Low Range
Input Voltage (mV) Average Reading (uV) Average Reading (V)
Channel X 200 11.99 10.42
- 200 -9.24 -10.45
Channel Y 200 11.18 10.75
- 200 <11.99 -12.36
Channel Z 200 15.43 14.98
-200 -18.39 -18.16
3. Channel separation
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel Y {uV) Channel Z (uV)
Channel X 200 -0.20 -4.068
Channel Y 200 6.84 0.35
Channel Z 200 9.37 4.74

Cortificate No: DAE4-1233_Marl4
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4. AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zerc Time: 3 sec: Measuring tme: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 15737 16018
Channel Y 15860 16238
Channel Z 16001 16120

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

Input 10MQ
Average (V) | min. Offset (uV) | max. Offset (uv) | S'* ‘(’:";;"“"
Channel X -0.41 -2.04 1.61 0.75
Channel Y 0.74 -0.73 2.73 0.62
Channel Z -0.95 2N 0.58 0.59
6. Input Offset Current
Nominal Input circuitry offset current on all channels: <25A
7. Input Resistance (Typical values for information)
Zeroing (kOhm) Measuring (MOhm)
Channel X 200 200
Channel Y 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for information)
Typical values Alarm Level (VDC)
Supply (+ Vec) +7.9
Supply (- Vee) 76
9. Power Consumption (Typical values for information)
Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) +0.01 +6 414
Supply (- Vec) -0.01 -8 -9

Certificate No: DAE4-1233_Mar14é Page 50f 5



