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Tissue Parameters

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

DGBE 25-48%

Salt <1.0%

Recipe for liquids 5-6 GHz:

Water 60-80%

Esters, Emulsifiers, Inhibitors 20-40%
Sodium Chloride 0-1.5%

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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2450 M Hz Body Liguid

. . Conductivity
Temp [Frequency| Relative | Conductivity
o TNA —— Target
Date (°C) (MHz) |Permativity (S/m) = 2.06 | | | Liquid Value
2410 511519 1.97%| | £ 501 | /% —e— 5% Liquid
~ [y
2411 51.1498 1.9807| | = 1.06 g e L Tolerance
= | el —e&— -5% Liquid
2412 51.1541 1.9815| [ &€ 1.91 Tolerance
=
2420 51.1214 1.9936| | € 1.86 2014111718
S I
2421 51.1224 1.9956| [ © 1.81 === 2014/11/20
2014/11/18| 21.3 2422 51.1217 1.9963 1.76
2410 2460
2440 51.0779 2.0213
2441 51.0587 2.0235 Frequency (MHz)
2450 51.0459 2.0334
2455 51.0207 2.0385 Permittivity
56
2460 51.0024 2.0459 - Target Liquid
2410 51.1789 1945/ | § 55 Value
2411 51.177 19457/ | 2 54 —e— 5% Liquid
E 53 Tolerance
2412| 511726 1.9463 % o W o 55 Liquid
2420 51.1563 1.9545 Tolerance
2 51 x*-—i—k*x
2421 51.1468 1.9563 é 50 === 2014/11/18
2014/11/20 23 2422 51.1425 1.9561 49 2014/11/20
2440 51.0521 1.9756 2410 2460
2441 51.0522 1.9768
Frequency (MHz)
2450 51.0063 1.9878
2455 50.9875 1.9975
2460 50.96 2.0032
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2450 M Hz Head Liguid

Conductivity
Temp |Frequency| Relative | Conductivity 105
Date (°C) (MHz) [Permativity (S/m) ) —=— Target
a 1.9 Liquid Value
2410  39.1375 1.8386| | & 1 g5 —— 5% Liquid
2411 39.1323 1.83%5|| = ;4% Tolerance
s . —— -5% Liquid
2412 39.135 1.8402| | & 1.75 — Tolerance
2420 39.1125 1.8489| | 8 17 11| R |~ 2014/11/19
] |t
2421 39.1037 1.8501f [ © 1.65 = 2014/11/20
2014/11/19| 22.2 2422 39.1058 1.8514 16
2440] 30.0389] 18707 2410 2460
2441 39.0423 1.8706 Frequency (MHz)
2450] 39.0068 1.8784
2455| 38.9811 1.8821 Permittivity
2460  38.968 18886| | 4 p—
2410( 38.3632 18206 | = 41 Liquid Value
2411] 38.3508]  1.8228]| £ 40 T
2412 38.3575 1.8225 E 39 —0—T5°fJ Liquid
olerance
2420  38.328 1.8316] | & 35 2014/11/19
2421 38.3256 1.8331| | = 37
2014/11/20| 22 2422| 38.3165 1.8347| | © 36 a0
2440| 38.2509 1.8557 2410 2460
2441 38.2461 1.8568
Frequency (MHz)
2450 38.2205 1.865
2455| 38.1981 1.8701
2460| 38.1954 1.8775
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5000 MHz Head Liguid

Conductivity
Temp [Frequency| Relative | Conductivity
Date °C) (MHz) |Permativity (S/m) 5.6 3 —#— Target
5000  36.145 4.2929| | E 54 Loauia velue
: . @ : r | e 59 Liquid
5005 36.1495 4294 | = 5-2 /}:— Toleance
5010] 36.1387 a306|| £ ,, L2 (22 Tolerance
5200 35.8163 24852|| 2 Lo EFLIE /é = 2014/11/20
o
5205 35.8145 4.4948(| © 44 }*% e 2014/11/21
2014/11/20 | 2152 5210 35.8016 4.497 42
5500 35.4249 4.7705 5000 5500 6000
5505|  35.401 4.7759 Frequency (MH2)
5880 34.9374 5.14
5885 34.9315 5.1503 Permittivity
5800\ 34.9374 51536 | , —_—
5000 36.3473 4.3143 ‘g’ [~ Liquid Value
=1 —— 5% Liquid
5005| 36.3466 23234 | & ¥ Tolerance
5010( 36.3343 4,3293 E 36 == 5% Liquid
Py Tolerance
5200 36.0433 4.5109 }‘EE 35 ey 2014/11/20
5205 36.0387 45147| | 3 54 |3
2014/11/21| 21 5210 36.0272 45134 s T 201401721
5500 35.6283 4.7793 5000 5500 5000
5505 35.6001 4.7862 Frequency (VIH2)
5880 34.9811 51779 aueney
5885 34.9783 5.1824
5800| 34.9578 5.1912
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5000 MHz Head Liquid

Relatl\_/e_ - Conductivity
Temp |Frequency | Permativit [ Conductivity
Date (°C) (MHz) y (S/m) 56 —— Target Liquid
= /" Value
5000 36.0334 4.2687 g 54 = == 5% Liquid
5005 36.0324] 42741 | 5 52 T A | Tl
5010 36.0224]  42172|| 5 ,. | LTI Tolrance
5200] 35.7121 4.4453| | 2 4 - 201471124
5205| 35.7088 44514] | S 44 LA 2014111125
2014/11/24| 21.2 5210 35.7102 4.4553 o BT
5500 35.3025 4.7293 5000 5500 6000
5505 35.2833 4.7383 Frequency (MH2)
5880] 34.8389 5.1297
5885 34.8371 5.1329 Permittivity
5890 34.8449 51336 | o Targt i
5000/ 35.681 4.2045| | € ~—__ Value
5005  35.676 4.2003| | 2 ¥ T
5010 35.6725 4304|| 5 36 —— —o— 5% Liquid
5200 354081 _ 45003| [ 2 35 == == IS
5205 35.4144 4504|| & o el | |
2014/11/25| 21.3 5210 35.4263 4515|| ® . T —2014/11/25
5500 35.0931 4.7405 5000 5500 6000
5505 35.0681 4.7415 Frequency (M)
5880] 34.4884 5.1422
5885 34.4812 5.1433
5890 34.4584 5.1448
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5000 MHz Head Liquid

Conductivity
Temp |Frequency| Relative | Conductivity
Date (°C) (MHz) |Permativity (S/m) __ 56 3 —8— Target
5000  35.6272 4.2816|| & 54 > Hiquid Velue
5005 35.6127 42904 | z %2 — —o— % Liquid
=z 5
5010 35.6257 4.2972 8 48 5% Liquid
5200| 35.2553 4.4549| | 2 46 Tolerance
o
5205 35.2422 4.4603| | © 4.4 1 2014/12/01
2014/12/01| 21.5 5210 35.2243 4.4666 4.2
5500 34.8508 4.747 5000 5500 6000
5505| 34.8206 4.7517 Frequency (MHz)
5880| 34.4335 5.1389
5885 34.4521 5.1459 Permittivity
5890 34.4417 5.1516
38 1 d_ —8— Target
:‘g B T —t— L?(;?J?d Value
'E 87 g 5% Liquid
5 36 —_— —— Tolerance
§ 35 = T =t 5% Liquid
E o Tolerance
x 34 ——T ey 2014/12/01
33 T
5000 5500 6000

Frequency (MHz)
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5000 M Hz Body Ligquid

Temp |Frequency| Relative | Conductivity Conductmti/'
Date (°C) (MHz) |Permativity (S/m) __ 63 A [ Taget
5000] 481201  52177| | § 81 5 [ IS
5005 48.13 5.2248| | = 57 : g olernce
5010 48.1152 5.2284| | § 55 1= - Tolerance
5200 47.7701 5.4765| | £ 27 AT o 2014112103
5205| 47.7851 5.4809|| © 49 = = 2014/12/04
2014/12/03 21 5210 47.7416 5.4958 4.7
5500]  47.3062 5.8395 5000 °500 6000
5505 47.2684 5.844 Frequency (MHz)
5880 46.6146 6.3604
5885 46.5968 6.3579 Permittivity
5890 46.5983 6.3768| | ., . —
5000 49.0757 5.1337| | £, —1 Liquid Value
5005| 49.0903 5.1428| | £ ', T S Liauid
5010[ 49.0799]  5.1561] | § ., Eﬁi o 35 i
5200 48.8195 5.4227|| 2 -, ™~ e 20110103
5205| 48.8114 5.4335| [ €, | ~~ o ton
2014/12/04| 21.3 5210| 48.7826 5.4454( | .,

5500] 48.2763 5.7896 5000 5500 6000
5505 48.2378 5.7946 Erequency (MH2)
5880 47.5072 6.3479
5885 47.5053 6.3566
5890 47.5024 6.3655




CETECOM
.

FCC ID: HD5-75EL00 & HD5-75ELON
IC Cert. No.: 1693B-75EL00 & 1693B-75ELON  SAR Test Report - Appendix C - Misc Page 8 of 81

5000 M Hz Body Ligquid

Conductivity
Temp [Frequency| Relative | Conductivity
Date (°C) (MHz) [Permativity (S/m) __ 63 — ] —I—Tgrgz_eg Vatue
5000 _47.9969]  5.2324| | £ 51 i o ] R
5005 47.9921 5238 | = =~ o Tolerance
= P e 50 Liquid
5010 47.996 5.2449 ‘g 5.5 »( Tolerance
5200 47.7189] 55185 § 53 A7 o = 2015/01/06
5205 47.7207 55258/ | S g : = 2015/01/08
2015/01/06 | 19.7 5210| 47.6998 5.5377 47
5500]  47.2709 5.8902 5000 5500 6000
5505| 47.2494 5.9014 Frequency (MHz)
5880 46.6406 6.3673
5885| 46.6304 6.3787 Permittivity
5890] 46.6087]  6.3755|| ., . —
5000  48.057 5.1418|| £ ., —_+ Liguid Value
5005|  48.017 5.1553| | £ o, T S Liauid
5010| 48.0187 51692| [ & 40, Lt == 5% Liquid
> Tolerance
5200  47.885 5441 | £, e oo
5205( 47.8531 5.4452 § 46.4 - o 2015/01/08
2015/01/08| 20 5210 47.8349 5.4551| [, —
5500 47.4894 5.7923 5000 5500 6000
5505 47.4237 5.7918 Frequency (MHz)
5880| 46.7952 6.316
5885| 46.7954 6.3282
5890 46.8443 6.3352
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5000 M Hz Body Ligquid

Conductivity
Temp [Frequency| Relative | Conductivity
Date (°C) (MHz) |Permativity (S/m) 63 = —=— Target
5000 48.1939 50718 [ § o7 P Hiauid Value
= > et 506 Liquid
5005| 48.1539 5.0829 ? 5.7 » — Toler:ﬂ]‘;;
5010| 48.1419 5.0937 § :g g o— 5% Liquid
5200{ 47.8699 5.4005| | 2 =1 o Tolerance
o .
5205 47.849 5.4012| | © 49 ey 2015/01/12
2015/01/12 | 19.8C 5210 47.8356 54121 4.7 ¥
5500]  47.3406 5.7518 5000 °500 6000
5505| 47.2998 5.7493 Frequency (MHz)
5880| 46.6347 6.2719
5885| 46.6244 6.2871 Permittivity
5890| 46.6452 6.2836 I
>51-4 —— Target
; 50.4 ‘4 Liquid Value
E 404 1= T
& 484 [ .
.g g 5% Liquid
% 47.4 %55 Tolerance
@ 46.4 1 .T— ety 2015/01/12
45.4
5000 5500 6000
Frequency (MHz)
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5000 M Hz Body Ligquid

_ . Conductivity
Temp |Frequency| Relative | Conductivity
Date (°C) (MHz) |Permativity (S/m) 63 1 —= Target
5000]  48.2903 5.1586| | & o1 P s Liquid Value
= o et 5% Liquid
5005|  48.2598 51698 | 2 57 - Tolernce
5010|  48.2397 51837 | § :g > —e— 5% Liquid
5200 47.9695 54328 | 2 5' 1 o Tolerance
o .
5205|  47.9366 54399 | © 49 : = 2015/01/19
2015/01/19 21 5210 47.9301 5.4495 4.7
5500]  47.5811 5.7847 5000 5500 6000
5505 47.5316 5.7845 Frequency (MHz)
5880 46.9349 6.3573
5885  46.9477 6.3639 Permittivity
5890 46.9473 6.3707 51.4 I
>, 24 —— Target
= 50.4 -4 Liquid Value
E 49.4 == 5% Liquid
5 ' \*~ Tolerance
g 184 S e 506 Liquid
E 47.4 — Tolerance
& 46.4 | .T et 2015/01/19
45.4
5000 5500 6000
Frequency (MHz)
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2450 M Hz Head Liquid

Conductivity
Temp |Frequency| Relative | Conductivity 195
Date (°C) (MHz) |Permativity (S/m) ' | — | = Target
£ 19 Liquid Value
2410( 38.0753 17692 5 185 - — o
2411] 38.0758 17691 | = ;4 | +(/ e L
g 1
2412]  38.0747 1.7706| | £ 175 P N E————
2420 380537 1.7744 -g 1.7 —_7-4 Tolerance
2421 38.0459 1.7753|| © 1.65 ey 2015/01/27
2015/01/27( 21.1 2422 38.0369 1.7762 16
2440]  37.9279 1.7875 2410 2460
2441 37.9166 1.7879 Frequency (MHz)
2450| 37.8652 1.7949
2455| 37.8233 1.8001 Permittivity
2460 37.7833 1.8065 42
> —{@l— Target
E 41 Liquid Value
E a0 o— 5% Liquid
g Toler;?llé:)
& 39
o g 5% Liquid
% 38 Al Tolera:r?cil
& 37 iy 2015/01/27
36 T
2410 2460
Frequency (MHz)




.

FCC ID: HD5-75EL00 & HD5-75ELON
IC Cert. No.: 1693B-75EL00 & 1693B-75ELON  SAR Test Report - Appendix C - Misc Page 12 of 81

Test Equipment

SAR1 Lab
Instrument Supplier / Model Serial No. Calibration | Calibration
description Manufacturer (date) Due (date)
. F10/5D3NA
Robot Staubli TX90 1/A01 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 000HO01 N/A N/A N/A
Data Acquisition SPEAG DAE4 1265 01/29/2014 | 01/29/2015
Electronics
SAR Probe SPEAG EX3DV4 3771 03/18/2014 03/18/2015
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
Phantom SPEAG SM 000 TO1 DA 1638 N/A N/A
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 1233 03/17/2014 | 03/17/2015
Electronics
SAR Probe SPEAG ES3DV3 3260 03/19/2014 03/19/2015
SAR Probe SPEAG EX3DV4 3739 03/18/2014 03/18/2015
SAR 4 Lab
Instrument Supplier / Model Serial No. Calibration | Calibration
description Manufacturer (date) Due (date)
. F11/5GW9A
Robot Staubli TX90 1AL 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 000HO01 N/A N/A N/A
Data Acquisition SPEAG DAE4 1266 04/09/2014 | 04/09/2015
Electronics
SAR Probe SPEAG ES3DV3 3323 05/12/2014 05/12/2015
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Shared Equipment

Instrument Supplier / Model Serial No. Calibration Calibration
description Manufacturer (date) Due (date)

2450 MHz Head 2014/11/19 —

Tissue Simulant SPEAG HBBL 2450 130605-2 2014/11/20 NIA

2450 MHz Body 2014/11/18 —

Tissue Simulant SPEAG MSL 2450 1106151 2014/11/20 NIA

5000 MHz Head 2014/11/20 —

Tissue Simulant SPEAG HSL 501 100901-1 2014/12/1 N/A

5000 MHz Body 2014/12/3 -

Tissue Simulant SPEAG MBBL 501 141106-2 2014/1/19 NIA
2450 MHz Dipole SPEAG D2450V2 859 2014/04/08 2015/04/08
5000 MHz Dipole SPEAG D5GHzV?2 1096 2014/04/05 2015/04/05
Directional coupler Werlatone C6529 11249 N/A N/A

RF Amplifier Vectawave VTL5400 N/A N/A N/A
Dielectric. SPEAG DAK-3.5 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 Rohde & CMU 200 109879 2013/06 2015/06
Schwarz
Tester
Radio
Communications Rohde & CMU 200 110759 2013/06 2015/06
Schwarz

Tester




FCC ID: HD5-75EL00 & HD5-75ELON
IC Cert. No.: 1693B-75EL00 & 1693B-75ELON  SAR Test Report - Appendix C - Misc

CETECOM
.

Page 14 of 81

Equipment Calibration/Performance Documents:

Attached:

SAR Probe ES3DV3 Calibration Report — SN:3323, SN:3260
SAR Probe EX3DV4 Calibration Report — SN:3739, SN:3771,
2450 MHz Dipole Calibration Report — SN:859

5000 MHz Dipole Calibration Report — SN:1096
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Calibration Laboratory of S Schweerscher Kabbriscdienst
Schmid & Partner G Service suisse d'étalonnage
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swaas Accediation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cartificates

Accreditation No.: SCS 108

Cortificats No: ES3-3323_May14'

s Servizio svizzero ol taratura
Swiss Calibration Service

CALIBRATION CERTIFICATE 7
Object ES3DV3 - SN:3323"
Caibration procedure(s) QA CAL-01.v9, QA CAL-23.v5, QA CAL-25v6

Calibration procedure for dosimetric E-fieid probes

May 12,2014

This calibration centficate documents the raceability to netionsi standasds, which reallze the physical units of measurements (S1).
The measurements and the uncertanties with confidunce peobisbilty are given on the following pages and are part of the cenficats

All caldrations have been conducted in the closed laboratory taciity: anvironment lamperature (22 + 3)°C and humidity < 70%

Calbraton Equipment used (MATE creicsl for calbration)

Primary Stas 0 Cal Date (Conificate No.) Schaduied Calbration

Powar meter E44168 GB41263874 03-Apr-14 (No. 217-01911) Apr-15

Power senscr E4412A MY41498087 03-Agr-14 (No. 217.01911) Apr-15

Rt 3 38 Anenuston SN 55054 (3¢) 03-Apr-14 (No. 21701915) Apr-15

Refarance 20 dB Attlenuator SN S5277 (20w} 03-Agr-14 (No. 21701919} Apr-15

Rt 30 dB At SN: 55129 (300} 03-Apr-14 {No. 217-01220) Ape-15

Referance Probe ES30VZ SN: 3012 30-Dec-13 (No. ES3-3013_Dect3) Dec-14

DAE4 SN: 560 13-Dec-13 (No. DAE4-660_Dec13) Dec-14

Secondary Standards D Check Oate {in house) Schedufed Check

RF genersior HP 8848C USIA42001700 4-Alig-99 (In houss check Apr-13) In house check: Apr-18

Network Anadyzer WP 8753 US37300585 18-0ct-01 (in house check Oct-13) In house check: Oct-14
Name Funcon Signature

This calibration cerificate shall not be reproduced except in full without wiitten approval of the laboratary

Certificate No: ES3.3323_May14 Page 1 of 12
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzertand

Servizio svizzero di taratura
Swiss Calibeation Service

Accreditad by the Swiss Accreditaion Senvice (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multitsteral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid
NORMx.y,z sansitivity in free space
%F unsiﬁvny inTSL/ NORMx.y.z

diode compression poi
CF crest factor (V/duty_ cyde)ol!hoRFsigml
AB.CD modulation dependent linearization parameters
Polarization ¢ i rofation around probe axis
Polarization 8 § rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 8 = 0is normal to probe axis
Connector Angle information used in DASY system 10 align probe sensor X to the robot coordinate system

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

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

*  NORM(f)x.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 frequency response is included
in the stated uncertainty of ComvF.

* DCPx.y.z: DCP are numerical Iinearization parameters assessed based on the data of powar sweep with CW
signal (no uncertainty required). DCP does not depand 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 linearization parameters assessed based on
the data of power sweep for specific modulation signal, The paramelers do not depend on frequency nor
media. VR is the maximum calibration 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 > 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 paramelers are
mdeASYAsoMammprweprobemmcydosﬁouboumy The sensitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A dependeant
ConvF is used in DASY version 4.4 and higher which aliows extending the validity from = 50 MHz to = 100
MHz.

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

« Sensor Offset: The sensor offset corresponds 10 the offset of virtual measurement 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).

Certificate No: ES3-3323_May14 Page 20l 12
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ESIDVI - 8N:3323 May 12, 2014

Probe ES3DV3

SN:3323

Manufactured:  January 10, 2012
Calibrated: May 12, 2014

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 system?)
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ES3DV3- SN:3322

May 12, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3323

Basic Calibration Parameters
Sensor X Sansor ¥ Sensor Z Unc (k=2) |
Norm (uVAVim)*)* 1.12 112 0.76 +101%
DCP (mV)® 102.0 105.8 106.4
Modulation Calibration Parameters
"UID “Communication System Name A B c D VR Unct
d8 | dBVuv dB mv (k=2)
0 cw X 0.0 0.0 1.0 000 | 1955 | #38%
Y 0.0 0.0 1.0 196.9
N 2 0.0 0.0 1.0 1584
xgv UMTS-FDD (WCDMA) X | 267 622 146 | 291 | 1120 | 07 %
Y | 333 675 18.9 115.2
= 2| 382 60.3 19.9 1227
!1,031- GSM-FDD (TDMA, GMSK) X | 882 79.0 201 039 | 1263 | 219%
Y | 2627 99.8 281 1354
S Z | 1646 935 263 1244
&094- GPRS-FDO (TOMA, GMSK, TN 0-1) X | az8 68.4 137 | 656 | 1004 | 217 %
Y | 3788 98.5 253 110.9
Z | 3693 99.9 251 1127
101)‘.0?7- GPRS-FDD (TDMA, GMSK, TN 0-1-2) X 345 6.4 18 4 80 1157 £22%
Y | 4809 | 1000 | 238 1214
Z | 4007 99.9 24.1 128.0
é%?" GPRS-FDD (TOMA, GMSK, TN 0-123) | X | 429 69.0 118 | 355 | 1238 | +19% |
Y | 4986 997 230 130.8
Z | 3886 998 234 1348
égt CDMAZ2000 (1xRTT, RC3) X ERL 645 165 397 148.8 09 %
Y 4.01 86.8 19.0 1136
= z | 400 66.9 18.1 1184
10100- LTE-FDO (SC-FDMA, 100% RB, 20 X 590 6853 178 567 120.7 | +14%
L CAB
Y | 642 67.7 19.9 1281
z | 657 66.1 20.1 1361
10103- | LTE-TDD (SC-FOMA, 100% RB, 20 X | 957 724 | 238 | 929 | 1129 | 25%
CAB MHz, QPSK)
Y | 1091 77.0 268 118.6
2 .96 74,0 249 1315
10108- | LTE-FDD (SC-FOMA. 100% 18, 10 X | 588 65.1 178 | 580 | 1201 | #14%
CAB QPSK)
Y | 625 67.1 19.7 126.7
= Z | 649 67.8 200 1392
10151- | LTE-TDD (SC-FDMA_50% RB, 20MHz. | X | 915 72.0 235 | 928 | 1102 | £25%
CAB QPSK)
Y | 1025 76.2 266 116.3
Z | 943 734 24.7 126.4
31354- LTE-FDD (SC-FOMA_ 50% RB, 10MHz, | X | 561 848 177 | 575 | 1981 | #12%
Y | 589 66.8 196 1235
Z | 816 67.3 19.8 136.2
Certificate No: ES3-3323_May14 Page 4 of 12
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ES3DV3- SN:3323 May 12, 2014
10169- | LTE-FDO (SC-FOMA, 1 RB, 20 MHz, X[ as1 66.0 184 | 573 | 1444 | 214 %
 CAB QPSK)
Y | 484 66.3 19.6 108.1
N Z | 487 66.7 19.8 117.8
10172- | LTE-TDO (SC-FDMA, 1 RB, 20 MHz, x| 828 755 253 | 921 | 1237 | 25%
CAB QPSK)
Y | 1052 838 30.5 1289
Z | aa 773 27.0 136.1
10175- | LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X | 488 658 18.3 572 | 1415 | 4%
CAB QPSK)
Y | 488 66.6 19.8 108.2
Z | 496 67.1 20.0 1122
10297- LTE-FDD (SC-FDMA, 50% RB, 20 MHz, | X 5.83 65.0 178 581 1193 $14%
AAA QPSK)_
Y | 634 874 19.9 126.2
2 | 642 67.6 19.9 1334
wa- CDMA2000 (1xEV-DO, Rev. 0) X | 288 640 156 | 370 | 1154 | 07 %
Y | 483 69.0 19.3 120.5
Z | 528 70.7 20.1 1268
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 uncestalrties of NomX. Y, Z do not atfect the E”fiekd uncertainty insida TSL. (see Pages & and 7).

:wuwmwmm
Uncertainty I determined using the max. deviation from inear response spplying reciangular gistribution and is expressed for the square of the

fiald value.

Certificate No: ES3-3323_May14
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ES3DV3- SN-3323 May 12, 2014

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3323

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth® Unct.

| 1(MHZ)© | Permittivity” (Sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 419 0.89 6.57 6.57 657 0.51 140 | £120%
835 415 0.90 6.29 .29 6.29 023 | 215 | +120%
200 41.5 0.97 6.20 6.20 6.20 0.37 168 | £120%
1750 40.1 1.37 5.19 5.19 5.19 0.52 145 | 2120%
1900 40.0 1.40 5.02 5.02 5.02 0.80 118 | +120%
1950 40.0 1.40 485 485 4.85 0.80 117 | £120%
2300 395 1.87 an an amn 0.80 122 | $120%
2450 39.2 1.80 4,42 442 4.42 0.72 122 | $120%
2550 39.1 1.91 4.32 432 4.32 0.80 123 | £#120%

Canm:ymayds|wl0hWwwhnmﬂdwmtmmzxclunbmwzww The uncertainty s the RSS
ummmm caleation fequency and the uncertanty for the indicsted frequency band

Mt fraquancies bedow 3 GHz, Nvﬁﬂyd“mﬂ-‘(:wa)mhmws1“lm e I
messwred SAR values. nmm:mmmmmmumnmmuzm mwumnssa
pwmyumwmmm

Alpha/Degth are determinad calibration, SPEAG waranta that the renaning deviation dus 1o the y offect alter comp:
mmm;‘sumwsmmmzuhmmuaru-nmuwmmmmup
diameter from the boundary.

Cartificato No: ES3-3323_May14 Page 6 of 12
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3323

Calibration Parameter Determined in Body Tissue Simulating Media

Rolative Conductivity Depth ” Unct.

f(MHZ)® | Permittivity” (sim)" ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
750 55.5 0.96 6.32 6.32 6.32 0.55 136 | +120%
835 55.2 0.87 6.25 6.25 6.25 0.80 117 | £120%
900 55.0 1.05 6.11 6.11 6.1 0.66 127 | £120%
1760 534 1.49 4.97 497 497 0.80 122 | £120%
1900 53.3 1.52 475 4.75 4.75 0.67 140 | +120%
1850 53.3 1.52 4.91 4.91 4.91 0.76 135 | £120%
2300 52.9 1.81 4.56 4.56 4,56 0.80 120 | £120%
| 2450 52.7 1.95 4.34 4.34 4.34 0.76 110 | +120%
2550 52.6 2.09 4.27 4.27 4.27 0.75 1.11 +120%

© Froquency validity of + 100 MHz only applies for DASY v4.4 and higher (see Page 2). slse It is restricted 10 = 50 MHz. The uncertainty is the RSS
ammmmammmummwmmwmmummm.
'AlfvnmuahobuJMJMWthdnmm(cwo)mboMloswﬂsnmwlumullsww
WSARM\AS.N'WM3M.nw&mdmwmm(nMo)-szslTh-mnyimRSSd
the Comv uncertainty for indicaled target tissue parameters.

°mmmnmmmmwmm, SPEAG warrants that the remaining deviation due Lo the boundary effect after compansation is
always less than = 1%hmm3mwM1Hhhmm3£Mummlugm!mnhllmwobow
di fram the boundary,

Certificate No: ES3-3323_May14 Page 7 of 12
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Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Frequency response (normalkized)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)
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Receiving Pattern (¢), 9 = 0°

=600 MHz,TEM =1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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Dynamic Range f(SAReaq)
(TEM cell , fuq= 1900 MHz)

input Signal [uV]

B T
F i
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| £l [ il
g i b
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0 102 10 108 "0 w0 100
SAR [mW/em3)
2 (o]
not compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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Conversion Factor Assessment
1= 900 MHz, WGLS RS (H_comfF) = 1850 MHz WGLS R22 (H_com#)
?
! g
°’;‘;* " » » 70“7.-‘:-. i T e R o ey S
7l ilnm - 2
il it 2 ey
Deviation from Isotropy in Liquid
Error (4, 8), f = 900 MHz

<10 08 08 04 02 00 02 04 08 08 10

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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DASY/EASY - Parameters of Probe: ES3DV3 - SN:3323

Other Probe Parameters
Sensor Arrangement Triangutar
Connector Angle (") -31.8
Mechanical Surface Detection Mode anabled
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 Paint 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm

Certificate No: ES3-3323_May14 Page 12 of 12
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Calibration Laboratory of R Scharelzerischer Kalibrardsanst

Schmid & Partner —— © Senice suises détsionnage
Engineering AG % Servizio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzortand S S’ guiss Cutibration Service

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

The Swiss Accreditation Service i5 one of the signatories 1o the EA

Multilateral Agreemant for the recognition of calibration certificates

cuent  Cetecom USA Gortificate No- ES3-3260_Mar14

CALIBRATION CERTIFICATE |

Otyace ES3DV3 - SN:3260

Calibaration precedurals) QA CAL-01.v8, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field prabes

Caltration care March 19, 2014

This calteation centficate documents the Yaceabilly to national standards, which reaize ihe physica unts of measurements (S1).
The moasLr and the uncentaintiss with confid bakilty are gren on the fallowng pages and are pant of the certificate.

All caibrations have basn conducted in the closed laboratory 1aciity: envifonment temparature (22 = 31°C and hamidiay < T0%,,

Calbration Equpment used (MATE critical for calibeation)

Primary Standards L) Cal Date (Certificate No ) Scheduled &
Power meter E44198 G841203374 04-Apr-13 {No. 217-D1733) Apr-14
Power sansor E4412A MY43498087 04-Apr-13 (No. 217-01733) Ape-18
Referance 3 dB Atteruator SN 86054 (3c) 04-Agr-13 {No. 217-01737) Apr-14
Raferance 20 dB Allenustor SN: S6277 (20x) 04-pr-13 (No, 217-01735) 2pe-14
Ralerance 30 dB Atlerustor SN: $5129 (360 04-Apr-13 (No. 217-D1738) Ape-14
_Refersnce Probe ESIDV2 SN; 3013 30-Dec-13 (No. £53-3013_Dec13) Doc-14
_Daga SN ESD 13-Dec-13 (No. DAE4-680_Dec13) Dac-14
S dary Standards o Check Dale (i house| Scheduled Check
RF generator HP BGAEC US3EA2U01700 A-Aug-99 (in house check Ape-13) In house check: Ape- 16
Netwoek Aralyzes HP 8753E US3TI0585 18-0ct-01 {in house chack O-13) In house check: Ot 14
L
Name Furction § nnl;l'

Calbrated by Clausdio Leutier Lahceatory Technician J ¢

Approved by Kalig Pokowc Techrical Manager % g

Issusd March 20, 2014

Thiz csibeation camficate shall not ba rearcduced excean in il without weitten appecwal of the laboratary
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Calibration Laboratory of

Schmid & Partner %
N

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzectand

s rischer Kalibri

c Service suisse d'étalonnage

s Servizio svizzero di taraturs
Swiss Calibration Service

S
Y

W
el

N
i

Accradiled by the Swiss Aozeditation Service (SAS) Accnditation No.: SCS 108
Tha Swiss Accroditation Senvice is one of the signatories to the EA
Muttitateral Agreement for the recognition 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_cycie) of the RF signal

ABCD medulation dependent linearization parameters

Polarization ¢  rofation around probe axis

Palarization 5 3 rotation around an axis that is in the plane normal 1o probe axis {at measurement center),
i.e., 8 = 0ls normal to probe axis

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

Calibration is Performed According to the Following Standards:

a)

b)

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

IEC 62209-1, "Precedure to measure the Specific Absarpiion 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:

NORMSx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; > 1300 MHz: R22 wavegulde).
NORMx,y,z are only intermediate values, i o., the uncertainties of NORMx,y,z does not affect the E>-fleld
uncertginty inside TSL (see below ConvF),

NORM(f)x.y.z = NORMx.y.z * frequency_respanse (see Frequency Response Chart). This linearization is
Implemented in DASYA4 software varsions iater than 4.2, The uncertainty of the freguency response is included
in the stated uncertainty of ConvF.

DCPx.y,z: DCP are numerical linearization parameters 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

Axy.z Bxy,z; Cxy.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearzation parameters assessed based on
the data of power sweep for specific medulation signal. The parameters do not depend on frequency nor
media. VR & the maximum calibration range expreased in RMS voitage acress the dlode,

ConvF and Boundary Effect Paramelers: Assessed in flat phantomn using E-field (or Temperature Transfar
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same satups 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 softwara to improve praba accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx,y,z * ConvF whersby the uncertainty corresponds to that given for CornsF. A frequency dependent
ConvF s used in DASY version 4.4 and higher which allows extending tha validity from = 50 MHz to = 100
MHz.

Sphevical isotropy (30 deviation from isotropy): In a field of low gradients realized using a flat phantom
exposed by a patch antenna.

Senoor Offact: The acnoor offoct correaponds to the offact of virtual measurement center from the probe tip
(on probe axis). No tolerance required,

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

Certificate No: E53-3260_Mar14 Pags 2 of 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 system|)
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ES3DV3- SN:3260

March 19, 2014

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

Basic Calibration Parameters
Sensor X Sensor ¥ Sensor Z Unec (k=2)
Norm (pVI(Vim)S" 1.30 1.37 118 +10.1 %
DCP {mV)® 104.8 102.1 104.2
Modulauon Calibration Parameters
Communication Systern Name A B c 0 VR Unc:
dB dBV Vv a3 mv (k=2)
Q CW X 0.0 0.0 1.0 000 | 2118 | +33%
Y 0.0 0.0 1.0 195.7
Z 0.0 0.0 1.0 208 8
gg‘- UMTS-FDO (WCDMA] x| 331 67.4 188 | 291 | 1278 | 07 %
Y | 340 67.4 18.7 1346
2| 334 67.6 18.8 1454
lI)(J::‘()BZQ- GSM-FDD {TDMA. GMSK) X 30.39 904 289 238 1356 9%
Y | 2856 99.7 28.9 131.2
Z | 2991 99,6 287 1199
&034 GPRS-FDD (TOMA. GMSK. TN 0-1) X | 4486 99.9 263 656 | 1236 | 214 %
Y | 4401 99.9 259 1264
2 | 4279 99,7 261 1470
30:7- GPRS-FDD (TOMA GMSK, TN 0-1-2) X | 5301 997 247 | 480 | 1300 | =17 %
Y | 5058 99.6 245 137.2
Zz | 5282 99.6 244 1235
:&082& GPRS-FDD (TDMA. GMSK, TN 0-1-2-3] | x | 5940 99.6 235 | 565 | 1377 | 7%
Y | 5913 99.9 233 140.0
Z | 5671 99.7 234 126.5
g‘{:‘- CDMAZ000 (TXRTT, RC3) X | a2 a7.1 18,1 397 | 1405 | 207 %
Yy | 400 86.0 18.4 1318
Z ! am 67.0 19.1 146,9
10100- LTE-FDD (SC-FOMA, 100% RB, 20 X 6.60 68.2 201 567 1441 212%
CAB MHz, QPSK)
Y | 835 67.0 19,4 1259
Z | 659 68.2 20,1 1417
10103- | LTE-TDD (SC-FDMA, 100% RB, 20 % | 1238 777 265 | 929 | 1279 | 230%
CAB MHz, CPSK)
Y | 1264 188 211 136.2
Z | 1227 8.1 26.9 122.6
10108- LTE.FDD (SC-FOMA, 100% RB, 10 X 6.50 87.8 20.0 580 1428 12 %
cAB MHz, OPSK)
Y | 634 66.9 19.5 126.4
2 | 847 67.7 20.0 140.9
10151 LTE-TDD (SC-FOMA, 50% RE, 20 MHz, | X | 1169 769 26,3 G286 | 1226 | 233%
CAB QPsK)
Y | 1183 177 26.7 1306
AAAAAA i [ 2 1 1311 80.6 28.1 140.4
10154 LTE-FDD (SC-FOMA_ 50 RB, 10 MHz, | X 618 67.2 19.7 515 1396 | 214 %
CAB QpPsk)
y | 625 87.2 19.7 146.4
2| 611 67.0 19.6 1363

Cerificate No: E53-3260_Mar14
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10169- LTE-FOD (SG-FDMA, 1 RB, 20 MHz, X 519 67.1 19.8 575 | 1437 | 21.2%
CAB QPSK)

Y 5.26 67.3 19.9 1498
2 5.20 67.2 10.9 143.3
10172- LTE-TOD {SC-FOMA_ 1 RB, 20 MHz. X | 1341 B86.4 30.9 S21 1385 | +33%
CAB QPSK)
Y | 1063 80.4 28.2 1218
Z | 1256 851 30.3 139.8
10175 LTE-FDD (SC-FDMA, 1 RB, 10 MHz, X 520 67.1 19.9 572 1306 | #1.2%
CA8 QPSK)
Y 5.10 665 | 195 130.7
Z 5.14 6.9 19.8 139.8
10297- LTE-FOD (SC-FDMA, 50% RB, 20 MHz. | X 544 67.5 19.9 5.8 1369 | $1.2%
AAA QPsK)
| 1Y 5.34 66,9 195 127.4
z B.44 67.6 189 140.8
10403~ CDMA2000 {1xEV-DO, Rev. 0) X 464 66.9 18.3 376 1319 .7 %
AAB
Y 4.81 67.4 18.5 1436
== Z | 468 67.1 184 1352

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%.

:moummmdmxvzm

r x)
¥ Uncertainty is detanmined using

field value

uncenainty not requined

net affect the E-5id uncenainty insice TS1 (sos Pages Band 7).

the mex deviation from bnear resporss applying rectanguler Gstiibutcn and s expressed for the sguare of e

Certificate No: ES3-3260_Mar14

Page 5 of 12



FCC ID: HD5-75EL00 & HD5-75ELON
IC Cert. No.: 1693B-75EL00 & 1693B-75ELON  SAR Test Report - Appendix C - Misc

Page 32 of 81

ES3DV3~ SN.3260

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

Calibration Parameter Determined in Head Tissue Simulating Media

March 18, 2014

R._. 43, C b s u' l md m

t{MHz) ¢ | Permittivity (s/m)* ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 419 0.89 6.47 6.47 6.47 0.80 1.12 +12.0%
835 415 0.90 6.25 6.25 6.25 0.31 1.77 +12.0 %
900 415 0.97 6.19 6.19 6.19 0.57 1.31 +12.0 %
1750 40.1 1.37 549 543 548 0.41 1.64 +120%
1900 400 1.40 547 547 547 0.80 1.16 +12.0%
1950 400 1.40 5.28 5.28 5.28 0.65 1.32 +120%
2300 395 1.67 4.88 4.88 4.88 Q.80 1.30 +120 %
2450 g2 1.80 4.56 4.58 4.58 0.80 1.24 £120%
2550 391 1.91 4.41 4.41 4.41 0.71 1.36 +12.0%

£ Frequency validity of = 100 MHz ony apples for OASY vd.& and higher (so@ Paga 2), eise It Is restriciad ta + 50 MMz, The uncarainty & the RSS

of ihe Cornf uncenamty al clibaation fr y and the y for the i d frequancy band.

" At frequendies delaw 3 GMz, the validty of tissue paramaters (s and a) can be rmiaxad 1o+ 10% If liquid compensaton formula is appied to
massurad SAR values. At fraquencies above 3 GHz, he valiiRty of lissve parameters (x and ) is reetrictad to £ 5%, The uncedtainty is the RSS of

the ConvF uncertainty for indicased target 155ue paramesars.

“ AlphalDagth are deteeminad curing calitration. SPEAG warrants that tha remairing daviation cua to tha

y effoct ater

pensation is

slways kass than = 1% for frequencies below 3 GHz and below £ 2% for fraquencies between 3.6 Gz at any distince larger $han half the probe tp

damater from the boundary.

Certificate No: ES3-3260_Mar14 Page 6 of 12
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ES30V3- SN:3260

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

Calibration Parameter Determined in Body Tissue Simulating Media

March 18, 2014

Relative Conductlvlly | Depth® Unct.

| t(MHz)® | Permittivity" (Stm)” ConvF X | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
750 55.6 0.96 6.22 6.22 6.22 0.34 1.88 | £120%
835 55.2 047 6.14 6.14 8.14 0.37 179 | £120%
200 55.0 1.05 8.02 602 6.02 0.56 138 | £120%
1750 534 1.49 4.90 4.90 4.90 0.58 148 | £120%
1900 533 1.52 4.69 469 469 0.80 145 | £120%
1950 53.3 1.52 4.81 4.81 4,81 054 158 | +120%
2300 52.9 1.81 442 442 442 0.80 1.22 | £120%
2450 52.7 1.95 4,26 4.26 4.26 0.88 112 | +120%
2550 52.6 208 4.15 415 4.15 0.80 1.01 +12.0 %

© Frequency valitity of = 100 MHZ onity applies for DASY &4 and higher (598 Paga 2), &lse It is restrictad to + 5C MHz. The uncerarty = the RSS
of tha Comé uncertainty at calibration frequancy and the uncanainty for the indcated frequancy band.

" Al raquencies below 3 GHz. the velidity of tesue parametans (+ 8nd ) Can be rataxed to + 10% # ligue compensaton foemu is apphed 1o

measwred SAR values. At frequancies above 3 GHz, the validity of tissue pacamelers (¢ and a) is restricled to £ 5% The uncedainty is the RSS of
the Conwf uncertanty for sndicated target lissue paramalecs.

% mphaDepth ara determined curing calbration. SPEAG

dameter frem the beundary.

thatl tha

cua to the boundary effezt after compansation s
siways lass than £ 1% lorhwomnbdwzer«rummn%fafroqum:mwnenJGGmmnnyomuwmnmnmemm

Cerificate No: ES3-3260_Mar14
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ES3DV3- SN:3260 March 19, 2014

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

1.5

1.4-7
b
1.2
T e —— WS, SPs MRURT SR
09+

08 : = SRR [

Frequency response (normalized)

P73 SIS SO MR ST IR B

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

Cerlificate No: ES3-3260_Mart4 Fage B of 12
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ES3IDV3- EN:3260 March 19, 2014

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz,R22

LU
X . oW .
%
~ "o - ] - . R . 1
% "n3 us vape : . > 3 Py, 8& 0b 0N
1 1
> s e
N N —
« L] o . . .
Ter X Y z Tot X Y z
T T R . |
r

|8

n,x-f} PP S - 0-0—0- s sttt 535 3 3 ¢+l Br 9Dt

Error [48]

[
[
[ : 2
-0 q.{ 3 ! § 3 DUCBICUINGE. ST
t i : &
L 1R 230 S0 I T | : 1 S - - el
T T T T |
150 100 a0 o 50 10 150

Rol [

o (%] J a
100 WMz S0z 1800 MMz 30z

Uncertainty of Axial Isotropy Assessment: £ 0,5% (k=2)
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ES3DV3- §N:3260 March 19, 2014

Dynamic Range f(SARead)
(TEM cell , feva= 1900 MHz)

I e

10°

10¢

input Signal [uV)

10y

vl
il

10° 10 10 10 10 10° 10°
SAR [mW/cm3]
| ]

not compensated compensated

109 102 1o o 10 10

10

SAR [mW/am3)
. e

ot compansated companssted

Uncertainty of Linearity Accocemeont: £ 0.8% (k=2)

Cartificate No: ES3-3260_Mar14 Page 10 of 12
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ES30V3- SN:3260

f = 835 MHz,WGLS R (H_convF)

March 19, 2014

Conversion Factor Assessment

f= 1900 MHz WGLS R22 (H_convF)

5 ﬂ:% ."
!oi.
3 © = © “1‘ ¥ R n"“‘.uian{ e ;;m
s 2 3 iy o
Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz
1.0
08 [
0.8
04
'g 02
00
g 02
04
-0.6
-08
1.0
0

45 N

-0 .NA NA N4 N2 N0 02 04 08 OB 10

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

Sansor Arrangement Triangular
Connector Angle (%) -79.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overal 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 3Imm

Cerlificate No: ES3-3260_Mar14
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Calibration Laboratory of Sehwetmerischar Kalibriesil
Schmid & Partner G Service susse d'italonnage
Engineering AG

s Servizio svizzero ¢ tarsturs

Zoughaussirasse 43, 8004 Zurich, Switzerdand Swiss Calibration Service

Accredited by the Swiss Accrediation Ssrvics (SAS) Accreditation No.: SCS 108
The Swiss Accreditstion Service is ore of the signatories to the EA
Muitilateral Agreement for tha recognition of calibration certificates

Cetecom USA . Cortificate No: EX3-3739_Mar14
CALIBRATION CERTIFICATE

Obiect ‘EX3DV4 - SN3739

Calbrission procedure|s) QA CN-‘NNQ.OA

: A CAL-14.v4. QA CAL-23.v5, QA CAL-25.v6
Calibration procedure for dosimetric: E-field probes.

Caiibration date: March 18, 2014

This calibrstion certficate documants the tracesoiity 10 nationad standards, which realze the phy unis of (S1)
The maasuremants and e uncartanties with confidence probabiity are given on the folloaing pages and are pert of the canificale

Al calibrations have baen conducted In the clasad lab y faciity: »ant tamperalure (22 £ 3)°C and humedey < 70%,

Calibration Equipment usad (METE critcal for calibratian)

Prmary Standangs D Cal Date (Certificate No.) Schedulad Calbration
Power metar E44198 GBA1293674 M-Apr13 (No. 217-01733) Apr-14

Power sensor E4412A MY41488057 O Apr13 (Na. 217-01733) Apr-14

Reh 3 dB Amanuator SN 35054 {3¢) M-Apr-13 (No. 217.01737) Apr-14

Referance 20 ¢B Attenuator SN 35277 (20x) M-Apr-13 (No. 217-01735) Apr-14

Referance 30 dB Atenuator SN 55129 (300) M-Ap-13 (No. 217-01738) Apr-14

Reference Probe ESIOV2 SN: 313 30-Dac-13 (No. ES3-3013_Dec13) Dec-14

DAE4 SN: 6560 13-Dec-13 (No. DAE4-£60_Dec13) Dec-14

Sacondary Standards 1D Check Date (in howse) Stheduled Check

RF genarator HP 86430 US 3642001700 4-Aug-99 {In house chack Aper-13) In house check: Apr-16
Natwork Angiyzer HP 8753E US3T350635 18-0ct01 {in house chack Oct-13) I house check: Oct-14

Nima Function Signature

Calbrated by: Jakon Kastratl Labostory Tetmiasn 5 3
Approved by Kafs Pokavic - Technical Manager - W 4

Issued: March 20, 2014

Thic colloration codifiecno ohall mot bo reproduced oxoopt in ful without wrten approval of the laborstary

Certificale No: EX3-3739_Msarid Page 10of 11
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Calibration Laboratory of ey A 8 her Kalibes
Schmid & Partner SN Service sulsse d'étalonnage

Engineering AG T g  Sorvizio svizzero di taratura
Zoughauestrasse 43, 8004 Zurich, Switzerland ‘v.,@\\,x? Swiss Cafibeation Service
Accrediled by the Swess Accraditation Senace (SAS) Accregiation No: SCS 108
The Swiss Accreditation Sarvice is one of the signatories to the EA
Multitateral Agr for the recognition of calibration certificatis
Glossary:

TSL tissue simulating liquid

NORMx,y,z sansitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

oce diode compression point

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

ABCD modulation dependent linearization paramaeters

Polarization ¢ o rotation around probe axis

Polarization % 4 rotation around an axis that is in the plane ncemal to probe axis (at measurement canter),
i.e., % = 0is 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, "|EEE 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) |EC 62209-1, *Procedure lo 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 2006

Methods Applied and Interpretation of Parameters:

» NORMx,y.z: Assessed for E-field polarzation 8 = 0 (f < 800 MHz in TEM-call; f > 1800 MHz: R22 waveguiie).
NORMXx,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),

e NORM(fxy,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 frequency response is included
In the stated uncertainly of ConvF.

¢ DCPxy.z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required), DCP does not depend on fraquency nor madia.

* PAR:PAR is the Peak to Average Ratio that is not calibrated but dete'mined based on the signal
characteristics

o Axy.z: Bxy.z, Cxy.z; Dx,y,2; VRx,y.2: 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 is the maxamum calibration 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 waveguxde using analytical fiekd distributions based on power
measurements for f > 800 MHz The same selups are used for assessment of the parameters applied for
boundary compensation (zlpha, depth) of which typical uncertainty vaues 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 * ConvF whereby the uncertainty corresponds to that gven for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher which allows extending the 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,

e  Sensur Offset: The sensor offset COMesponds o tha offset of virm:al MEasurement center from e probe tip
(on probe axis). No tolerance required,

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

Certificale No: EX3-3739_Mari4 Page 2 of 11
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EX3DV4 - SN.3739 March 18, 2014

Probe EX3DV4

SN:3739

Manufactured:  February 15, 2010
Calibrated: March 18, 2014

Calibrated for DASY/EASY Systems

{Nate: non-compatible with DASYZ2 system!)

Certficate No: EX3-3739_Mart4 Page 3of 11
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EX3DV4- SN3739 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3739

Basic Calibration Parameters

Sensor X | Sensor Y Sensor Z Unc (k=2)
Norm (uVA(Vim)) 0.37 0.48 0.28 +10.1 %
DCP (mV}" 101.5 101.8 1078
Modulation Calibration Parameters
uiD Communication System Name A B c D VR Unc
dB dBviuV dB mv (k=2}
0 cwW X 0.0 0.0 1.0 000 | 1570 | £23%
Y 0.0 0.0 10 157 2
2z 0.0 0.0 1.0 136 8

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 uncarainties of NarmX, ¥, 2 do not aMect the E-fisd uncertainty mskie TSL (see Pages 5 aid &)

¥ Numerical inearzation paramater; uncartanty 0ol requred

¥ Urcanainty is detarmined using the max. daviaton from Insar response apphing rectangular distibubion and = expressed for the square of tha
fiedd value

Centificate No: EX3-3739_Mar14 Page 4 of 11
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EX3I0V4- SN-3739

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3739

Calibration Parameter Determined in Head Tissue Simulating Media

March 18, 2014

| Relative Conductivity Depth ~ Unct. |

f(MHz)® | Permittivity” (8m)" ConvFX | ConvFY | ConvFZ | Alpha® | (mm) (k=2) |
2450 39.2 1.80 7.23 7.23 7.23 0.39 076 | +120%
5200 36.0 4.66 5,04 5.04 5.04 0.40 180 | +13.1%
5300 36.9 4.76 4,79 4.79 4.79 0.40 180 | 21314%
5500 356 4.96 4,76 476 4.76 0.40 1.80 | £131%
5600 35.5 5.07 4.51 451 4.51 0.40 1.80 £131%
5800 35.3 5.27 459 459 4.50 0.40 1.80 £131%

© Fraguency validey of + 100 MHz orly gaphes for DASY w4 and higher (sae Page 2. ele if is restricted to + 60 MHz. The uncenaily is the RSS

of tha Canvl” uncertainty at calfration freguency and the uncertainty for the Indicated frequency band

" At frequancies bedow 3 GHz, the valdity of tissue parametars (¢ 6nd o) can be relaxed to 2 10% if iquid compangation tormula is applisd to
measred SAR values. At frequencies atove 3 GHE. the validity of tissus parameters (= and o) & restricted (o = 5%, The uncerainty is the RSS of

the CornF unceranty for ndicaled target b55ue parametars

! Wpha/Dapth ara getenmined during calbraton, SPEAG warrants thit the remnaining deviation due ta the boundary effect atter compensation is

always less than + 1% for frequencies below 3 GHz and belaw ¢ 2% for fraquancias between 3-8 GHz af any distance larger than haif the probe tp

diameter from the boundary.

Cartficate No: EX3-3739_Mar14
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EX3DV4- SN:3739 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3739

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Dopth * Unct.

F(MHz)® | Permittivity” (Stm)’ ConvF X | ConvFY | ConvFz | Alpha® | (mm) (k=2)
2450 52.7 1.95 7.18 7.18 7.18 0.73 057 | $120%
5200 49.0 5.30 4565 4.55 455 045 | 190 | $131%
5300 48.9 542 4.35 4.35 4.35 0.45 190 | £131%
5500 48.6 565 | 4.00 4.00 4.00 0.50 190 | +131%
5600 48.5 5.77 3.85 3.85 3.85 0.50 190 | 131 %
5800 48.2 .00 408 | 408 4.08 0.50 1.90 | £13.19%

£ Frequancy validity of = 100 MHz only spplies for DASY w4 4 and higher (2ee Page 2), else it is restrictad to = 50 MHZ, The uncerainty is the RSS
of the Cornf uncertainty at calitvation frequercy and the uncertainty for te indicated fraguency band

" At frequencies bealow 3 GHe. the validity of ts5u@ parametars (v and o) can be rataed 1o + 10% If liquid compsansation formuls is applied to
measured SAR values. At frequencies above 3 GHz, the validity of tssue parameters (s and o) is restricied ta + 5% The uncertainty s the RSS of
the Com® uncentainty for indicatad target issus peramsians

" AphaDapth are ined during ¢ SPEAG Mal the remanng deviation due 10 the boundery effact sfter campensation is
ahways less than £ 1% for freguancies beow 3 GHz and balow + 29 for requancies betaren 36 GHz at any distance argar than hall ihe probe tip
damesar from tha bouncary.

Certdicate No: EX3-3739_Mar14 Page 6 of 11
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EX30V4- SN:3739

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

T

(normalized)
xS

Frequency response

T l.: |II'Y”"%

March 18, 2014

1111|‘:l1w| [

Y3l T
50 1000 1500 2000 2500
f [MHz]

ren R

Uncertainty of Fraquency Response of E-field: £ 6.3% (k=2)
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EX30V4- SN:3739 March 18, 2014

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM =1800 MHz,R22
e " 02 o4 " . .>‘ oa 09" 00

e > 6
o o0
[} ) ) a L) 0
Tot x Y Z Tat x Y p3
) i :
= ity g
5 0.0pegugm-—e—e- “ oy g g et ~§rR: gy “‘6'—!»»?4‘
i} : :

S S WS R T U S T | ;
{ i
-150 100 0 Q 5 100 50
. Rot []
- °] | a1
1|‘:'I'H‘L; BCO Mz 120Nz 1555 Wz

Uncertainty of Axial Isotropy Assessment: £ 1.5% (k=2)
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EX3DV4- SN:3739

Input Sgnal [uv]

10%4 -

10°

Error [cB]

104 Lids

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

i ! vt i "_'"._iT id H i
107 10 10" 100 10' 10° 108
- SAR [mWicm3]
~J (o]
not compensated compensated
o o
14
0
<3+
= I ) 1 - T = —1
102 10 10 1 o 102 102
SAR [mWiem3|
| )
ot comperaated compensated
Uncertainty of Linearity A t: £ 0,6% (k=~2)
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EX3DV4- SNI3T29 March 18, 2014

Conversion Factor Assessment

f=2450 MHz.WG_S R22 (H_comf) f = 2450 MHz WGLS R22 (M_conv)
. i a
©
»
»i |
w{ g A1
X = '.‘. 2 @
g A z 20
2
H H
s 15
0 0
! {
. o 2
s i e
o TP RS PR WO e pf e b bl b e
] ’ w " e 2 w0 » = 0 3 w ) 0 » 0 " @
& mm) & jrad

Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

-in .48 .08 N4 02 04 02 04 068 08 1.0
Uncertainty of Spherical Isotropy Assessment: * 2.6% (k=2)
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EX3DVv4- SN:3738 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3739

Other Probe Parameters

[ Sensor Arrangement Tﬁmg@

| Connector Angle (°) -127.8 |
Mechanical Surface Detection Viode ~ enabled |
"Optical Surface Detection Moda disabled
Probe Overall Length 337 mm

| Probe Body Diameter 10 mm |
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Calibraton Pont 1 mm
Probe Tip to Sensor Y Calibraton Point t mm
Probe Tip to Sensor Z Calibraton Point 1 mm

| Recommended Measurement Distanca from Surface 2mm

Cerlificate No: £X3-3739_Mar14 Page 11 0of 11
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Calibration Laboratory of e,
Schmid & Partner o pessipermphemiaig

Engineering AG b= Sarvizio svizzero di taratura

Zeughausstrasse 43, 5004 Zurich, Swizerland “'.,,f,’;\'}_\&‘} Swiss Calibration Service
Accradited by the Swiss Accrediation Sevice (SAS) Accreditation No.: SCS 108
The Swiss Accroditation Service is ore of the signatories 1o the EA
Multilateral Ag for the recognition of calibration certificates
cient  Cetecom Ut Certificato No: EX3-3771_Mar14
CALIBRATION CERTIFICATE
Cuject EX3DV4 - SN:3771
Calibeaticn procedurs(s) QA CAL-01.v9, QA GAL'14.V4.QA CAL-23V5,QA CAL-ZS.VG

Czlibration procedure for dosimetric E-field probes

Calibraticn date March 18, 2014

This caitvalion cerificate documents the raceabilty to natlona! standards, wnich raakze tha physical units of meseiameants (St
The ants snd the with conlidenc prababilty are given on the faliowing pages and are part of the canficate

All calibratiors have bean conductsd Inthe closed Isboratory faclity: environment lemperature (22 £ 3)°C and humidity < 70%,

Calbration Equipment sad (MATE critesl for calbeation)

Primary Stand 10 Cal Date (Certificate No.) Scheduled Calit
Pawer meter E44198 GB41203874 _| D&-Apr-13 (N0 217-01733) Ape-14

Pawer sensor E44124 MY 21405087 04-Apr-13 (Na. 217-01733) Ape-14

Refarance 3 4B Afsnissior SN: 38054 (3c) 04-Apr-13 (Na. 217-01737) Ape-14

Refarance 20 08 Atleruator SN: 36277 (20%) 04.Apr-13 (Na. 217-01728) Apr-14

Refarance 30 0B Atteruator SN: 36128 (306} 06.4pr-13 (Na. 217-01748) Apr-14
_Refanance Proba ES30V2 SN 3013 30.Dec-13 (No. ES2-3013 Dectd) Dec-14

DAEA SN 360 13-Dec-13 (No. DAE4-650 Dactd) Dac14

Secondary Standards (2] Check Date (in housa) Schaduled Chack

RF g MP B&28C US3542U01700 4-Aug-99 On house check Apr-13} In house check: Apr-16
L Anaiyzer NP 8T53E US3ras0ses 18-0ct-01 {In house check Oct-13) In house check: Oct-14

Name Functon Signature

Calforated by: Ja0n Kastrall Laboratory Technician ( L,L
Approved y: Kajs Poravic Technical Nanagar /G_;é‘{—i-'/;fﬂ

Issued Maren 20, 2014

Thes caibvation camficate shall nal be rproduced exncaot in fuld vathout wiltan spgrive of I BOesloy
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Calibration Laboratory of Schwaizerischer Kalibrierdienst
Schmid & Partner Service suisse d'étalonnage

Engineering AG Sarvizio svizzero di taratura
Zsughausstrasse 43, 8004 Zunch, Swtzerand Swiss Calibeation Service
Acomddad by the Swiss Actreditation Ssrvice (SAS) Accraditation No.: SCS 108
The Swiss Accreditation Service Is aao of the signatories to the EA
Multilateral Agreament for the recogrition of calibration certificates
Glossary:

TSL tissue smulating Squid

NORMx.y,2 sensitiviy in free space

ComF sensitiviy in TSL /| NORMx.y,z

DCP diode compression point

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

ABCD modulaton dependent linearization parameters

Potarization ¢ ¢ rotation around probe axis

Polarization 8 8 rotaticn around an axis that is in the plane narmal to probe axis (al measurement center),
Le., 8 =0is normal to probe axis

Connector Angle nformafon used in DASY system (o align probe sensar X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spalial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communiczetions Devices: Measurement
Techniques”, June 2013

b) IEC 62209-1, "Procedure to measure the Spedific 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:

* NORMx.y.z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-cell; { > 1800 MHz: R22 waveguide).
NORMx,y.z are only Intermediate values, i.e., the uncertainties of NORMX, v,z does not affect the E-fiald
uncertainty inside TSL (see below ConvF),

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

* DCPx.y,z: DCP are numancal linearization parameters assessed based on the data of power sweep with CW
signa! {no uncertainty required). DCP does not depend on frequency ror media.

¢ PAR:PAR is the Peak tc Average Ratio that is not calibrated but deteimined based on the signal
charactenistics

o Axyz 8xy.2 Cxy.z Dryz VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal, The parameters do not depend on frequency nor
media, VR is the maximum calibration range expressed in RMS voltage across the dicde.

* ConvF and Boundary Efiect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field Jistributions based on power
measurements for f > B00 MHz. The same satups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty valies are given. These parameters are
used in DASY4 software to improve probe accuracy close fo the boundary, The sensitivity in TSL corresponds
to NORMx,y,z * ConvF wheseby the uncerlainty corresponds 1o that given for ConvF. A frequency dependent
ConvF Is used In DASY version 4 4 and higher which allows extending the validity from + 50 MHz to + 100
MHz,

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

= Sensor Offset The sanesr offeet correeponde to tho offect of virtual moacuroment canter from the probe tp
(on probe axis), No tolerance required.

= Connector Angle: The argle is assessed using the information gained by determining the NORMx (no
uncertainty required),

Certificate No: EX3-3771_Mar14 Page 2 of 11
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EX3DV4 - SN:3771 March 18, 2014

Probe EX3DV4

SN:3771

Manufactured: March 29, 2011
Calibrated: March 18, 2014

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)
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EX3DV4- SN-3771 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3771

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z “Unc (k=2}
Norm (uV/(Vim)*)" 0.55 0.56 0.58 +10.1%
DCP (mV)” 96.9 09.4 94.0
Modulation Calibration Parameters
uiD ] Communication System Name A | B c D VR Unc™
dB dBVuV 9B | mv (k=2)
0 ow x| 00 0.0 10 | 000 | 1506 | #35%
Y 0.0 0.0 1.0 1543
z 0.0 0.0 1.0 153.8

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

" The uncertaintes of NormX,Y.Z 00 not affect the E7-finki uncartainty Inside TSL (see Pages § and &)
* Numarncal linearzation parameter. uncerinly not required.

* Uncenginty is detarmined usng the max 1V from fnasr
fiold walue

s applying rectanqular daribution and & expressad for the square of tha

Certificate No; EX3-3771_Mar14 Page 4 of 11
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EX3DV4- SN-3771 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3771

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity | Depth® Unct.

f(MHz)® | Permittivity (Sfm)* ConvFX | ConvFY | ConvFZ | Alpha®| (mm) (k=2)
2450 392 | 180 7.2 7.21 7.21 0.31 089 | +120%
5200 36.0 4.66 5.02 5.02 5.02 0.40 180 | +£131%

5300 359 4.76 4.86 4.86 4.86 0.40 180 | +13.1% |

5500 356 4.95 4,73 4.73 4.73 0.40 180 | 131 %
5600 355 5.07 4.53 453 4.53 0.40 180 | £131%
| 5800 35.3 527 4.57 l 457 4.57 0.40 180 | £131%

¥ Frequency vaidty of £ 100 MHz only sphies for DASY w4.4 and higher {see Pags 2), else 1t is restricied 10 + 50 MHz, The uncertainty is the RSS
of the ConvF uncertainty at calibration faquancy and the uncertainty for the indcated fraquency band.

fa frequencios balow 3 GHz, the validey of tissue paramaters (« 6nd o) can be relaxed 1o & 10% it liquid compensation formue & applied to
measurad SAR values. Al frequencies sbove 3 GHz. the validity of tissue paramatars (¢ and o) & restricted to 4 5%. The uncerainty is tha RSS of
the ConvF uncertanty for indicated target bssue parameters

7 AlphavDepth are determined during caibraton. SPEAG warmants that the remaning deviation due ta the boundary elfect aller compensation &
Always Jass than & 1% for froquancias Dikw 3 GHz and beiow =+ 2% for frequencies between 3-8 GHz at any distance larger than hal! the grobe tin
diameter from the beundary
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EX3DV4- SN:37T1 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3771

Calibration Parameter Determined in Body Tissue Simulating Media

Relative Conductivity Depth ™ Unct.

f{MH2)“ | Permittivity” (sim)” ConvF X | ConvFY | ConvFZ | Alpha® | (mm) (k=2)
2450 52.7 1.95 7.21 7.21 7.21 0.70 0.61 +120%
5200 49.0 5.30 472 4.72 4.72 0.40 190 | £131%
5300 48.9 542 4.53 4.53 4.53 0.40 190 | £131%
5500 48.6 565 4.24 4,24 424 | 040 190 | +131%
5600 48.5 577 3.96 3.96 3.96 0.50 1.90 | +131%
5800 48.2 6.00 4.25 4.25 4.25 0.50 190 | #131%

© Fraquency validity of = 100 MHz ordy saplias for DASY 4.4 and highes (560 Page 2), else il is restricead to £ 50 MHz. The uncertairty & the RSS
ot tha ConvF uncenainty &t calibration fraquancy and the uncedainty for the indicated fraquency band

" At frequencies below 3 GHz, the validiy of tissue parameters (¢ and v) can be redaaed to £ 10% if liquid compersation formula (s sppiied 1o
measured SAR values. Al frequencies asove 3 GHz, the validity of lissue parameters (c and a) is restrictad 10 + 5% The urcertanty i the RSS of
the Cormnf uncortainty for Indicated arget Sssue parameters

" AlphaDepth sre determined during caldration. SPEAG warrants that tha remaining desiation due o the beundary effect aftar compansation is
Always 1888 than = 1% for frequencies bilow 3 GHz and belaw 4+ 2% for frequencies betwaen 3-6 GHZ al any distance larger than halt the probs tip
dlameter from tha boundary.
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EX3DVA- SN:3T71 March 16, 2014

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

Frequency response (normalized)

500 1000 1500 2000 2600 3000
f (MHz)

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

Cartificata No: EX3-3771_Mar14 Page 7 of 11
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EX3DVA- SN:3TT1 March 18, 2014

Receiving Pattern (¢), 9 = 0°

=600 VHz, TEM =1800 MHz,R22
7 * e Y A1 ‘ - “ o 04 00 & 09
. . ] . 0 - ) .
Ton X Y z Tat X 4 z

[ e == o PR SEA - - gug-§ 3T =0=3- 903 g0

Error [d8)

150 -100 a0 [\] 50 100 wa.rJ

Rell [1]
o o ™
100 MHz BCO Mz 1500 MHz 2500 W

Urcertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3771

Dynamic Range f(SAR}c.q)
(TEM cell , fouu= 1900 MHz)

Input Signal [WV]

102 10

107 107
o SAR [mWicm3)
=] o]
not compensated compensated
2 [
14-
B %
a T
-1
.2 .y 1 I i __..ii.‘i, '
103 107 10t 1900 o 102 109
SAR [mWiomn3]

.
net compenssted compessated

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

March 16, 2014
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EX3DV4- SN:3TT1 March 18, 2014

Conversion Factor Assessment

f= 2450 MHz, WGLS R22 (H_comF) I= 2450 MHz WGLS R22 (M_convF)

“

BAR (AW
LS
(Vg
2

il
[} SRV T T TR PR “ ol :A,l-':,L:x.‘i‘ P PP EEE RS T 4,“,.*;:;;:413: e
L 0 £l 3 = x " & * 1w “ » » = = ‘o
slmm) el o
= 1 = .
Deviation from Isotropy in Liquid

Error (6, 8), f = 900 MHz

-1 -8 <06 04 -02 00 D02 04 08 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3DV4- SN37T1 March 18, 2014

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3771

Other Probe Parameters

Sensor Arrangement Trangular
Connector Angle (°) ' 979
Mechanical Surface Detection Mode enablad |
"Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 9 mm
Tip Diameter 2.5 mm
Probe Tip to Sensor X Callbraton Point 1mm
Proba Tip to Sensor Y Calibration Point 1mm
Probe Tip to Sensor Z Calibratiyn Point 1 mm
Recommended Measurement Distance from Surface 2mm

Centificate No: EX3-3771_Mar14 Page 11 .of 11
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Calibration Laboratory of S Schwsizerischer Kallbrierdienst

Schmid & Partner R o Semvice suisse ctsionnage
Engineering AG o Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland 14,/ﬁ\‘> Swiss Calibration Service
el

Accredted by the Swiss Accredtation Sanvice (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

cient  Cetecom USA
CALIBRATION CERTIFICATE

Certficate No: D2450V2-859_Apri4

Object D2450V2 - SN: 859

Caliteation procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibration date; April 08, 2014

This calibeation cerficats documents the traceability to national standards, which realize the physical units of measwements (SI).
The measuremants and the uncedamties with confidence probability are given on the folloming pages and are par of the certificate.

All calbrabone have been conductad in the ciosed laboratory faciity: environment lemperatire (22 + 3)°C and humidty < 70%.

Calitration Equipment used (M&TE writical for calibration)

Primary Standards D Cal Data (Cartificate No,) Scheduled Cabration

Power metar EPM-4424 GB37480704 00-0ct-13 {No. 217-01827) Oct-14

Power sengor HP 84814 US837262783 08-0¢-13 {No. 217-01827) Oct-14

Powar sensor HP 8481A MY 41092317 09-Cct-13 {Mo. 217-01828) Oct-14

Retarance 20 4B Attenuator SN: 5058 (20k) 03-Apr-14 (No. 217-01218) Apr-15

Type-N mismatch combination SN: 5047.2 / 06327 03-Apr-14 (No. 217-01621) Apt-15

Faterance Proba ES3DV3 SN: 3208 30-Dec-13 (No. ES3-3206_Dec13) Dec-14

DAEA SN 601 25-Apr-13 (No. DAE4-E01_Apri1d) Apr-14

Secondary Standards o Check Date (in house) Scheduled Check

RF genorator R&S SMT-06 100008 04-Aun-54 (in house chack Oct-13) In hausa check: Oct-16

Natwork Analyzer HP B753E US37380585 S4206 180201 {in housa check Oct13) In hawsa chedk: Oct-14
Name Function Signatre

Calrated by Lait Kipsnor Labaratory Technician W- 2‘%

Appraved ty: Katja Pokovic Techrecal Manuger

This calitration certificate shall not be reproducad excak in full without writtan approval of the Bboratory.

e

Issued: Aprll 8, 2014

Carfificate No: D2450V2.850_Apr14
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Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner % c Service sulsse d dtalonnage
Eng‘neeﬁng AG z ,/-:\\ £ Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland TS S Swiss Callbration Service
T IR
Accredited by the Swise Accreditation Service (SAS) Accraditation No.: SCS 108

The Swiss Accraditation Service I one of the signatorias to the EA
Mudtilateral Agraement for the recognition 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, 1EEE 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 Handhook

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 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-way delay between the SMA connecior 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
connectar,

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

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%.

Certificate No: D2450V2-859_Apr14 Page2of 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V5287
Extrapolation Advanced Exirapolation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The lollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mha/m
Measured Head TSL parameers (220+02)°C 382+6% 1.81 mho/m =6 %
Head TSL temperature change during test <05°C —_— -
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL Cendition
SAR measured 250 mW input power 129 Wikg
SAR for nominal Head TSL pa'ameters normalized to TW 51.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm” (10 g) of Head TSL condition
SAR measured 250 mW input power 5.99 Wikg
SAR for nomina! Head TSL pacameters normakzed 1o 1W 23.8 W/kg £ 16.5 %% (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL paramelers (220x0.2}°C 506 +6% 201 mho/m =6 %
Body TSL temperature change during test <05°C eee -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g} of Body TSL Condition

SAR measured
SAR far nominal Body TSL pammaters

250 mW input power 12.9 Wikg

50.4 Wikg = 17.0 % (k=2)

normalized to 1W

'SAR averaged over 10 em’ (10 g) of Body TSL condition

SAR measured

250 mW input power

5.06 Wikg

3AR for nominal Body TSL pamametars

normalized 1o 1W

23.5 Wikg = 16.5 % (k=2)

Cartificate No: D2450V2-859_Aprid
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 5380Q+23jQ
Aeotum Loss -27.3dB

Antenna Parameters with Body TSL

Impedance, transfcrmed 10 feed point 504Q+43j0
Return Loss -27.3d8B

General Antenna Parameters and Design

[ Esectrical Delay (one direction) | 1160 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 seminigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenra is therelore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph, The SAR data are not alfected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1> the dipole arms, because they might bend or the soldered connactions near the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufacturad on April 23, 2010
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DASYS Validation Report for Head TSL

Date: 08.04,2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 859

Communication System: UID 0- CW: Frequency: 2450 MHz

Medium parameters used: £ = 2450 MHz; o = 1.81 S/m; & = 38.2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
» Probe: ES3DV3 - SN32(5; ConvF(4.53, 4.53, 4.53); Calibrated: 30.12.2013;
» Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 25.04.2013
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
« DASY52528.7(1137); SEMCAD X 14.6,1((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 = 100,7 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.7 W/kg

SAR(1 g) = 12.9 W/kg: SAR(10 g) = 5.99 W/kg

Maximum value of SAR {measured) = 17.0 W/ke

-4.60
-9.20
-13.80
-18.40

-23.00

0 dB = 17.0 Wikg = 12.30 dBW/kg

Centificate No: D2450V2-859_Apri14 Page 5of 8
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Impedance Measurement Flot for Head TSL

8 Apr 2014 11185152
CHI sa1 1UFS 1: 83,824 & 2,298 40 14933 pH 2 450,600 028 NHz

CHZ si11  L0® 5 dB/REF -2 d8 1:-27.340 dB 2 450,390 999 MHz

Hld

START 2 250.08¢ Q@8 MHz STOP 2 6SE.280 868 MH=z
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DASY5 Validation Report for Body TSL

Date: 08.04.2014
Test Luboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 859

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o = 2.01 $/m; & = 50.6: p = 1000 kg/m’
Phantom section; Flat Section

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

DASYS52 Configuration:
« Probe: ES3IDV3 - SN3205; ConvF(4.35, 4.35, 4.35). Calibrated: 30.12.2013;
«  Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibruted: 25.04.2013
« Phantom: Flat Phantom 5.0 (back): Type: QDOO0PS0AA; Serial: 1002
o DASYS5252.8.7(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=5mm, dy=3mm, dz=Smm

Reference Value = 95.172 V/im: Power Drift =-0.01 dB

Peak SAR (extrapolated) = 27.1 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 5.96 W/kg

Maximum value of SAR (measured) = 17.1 Wrke

-4.40
-8.80
-13.20

-17.60

-22.00

0dB = 17,1 W/g = 12,33 dBW/kg
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Impedance Measurement Plot for Body TSL
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Zoughausstrasse 43, 8004 Zurich, Switzeriand
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Calibration Laboratory of
Schmid & Partner

Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 108

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

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicablz or not measured

Calibration is Performed According to the Following Standards:

a) IEC 62209-2, “Evaluation of Human Exposure to Radio Frequency Fields from Handheld
and Body-Mounted Wireless Communication Devices in the Frequency Range of 30 MHz to
6 GHz: Human models, Instrumentation, and Procedures”; Part 2: "Procedure to determine
the Specific Absorption Rate (SAR) for including accessories and multiple transmitters”,
March 2010

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

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

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e 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.

s 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.

e 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-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: 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 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%.

Cenrtificate No: D5GHzV2-1096_Apr14 Page 2 of 13
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASYS V528.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)
5200 MHz + 1 MHz

Frequency 5500 MHz = 1 MHz
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 38.0 4.66 mho/m

Measured Head TSL parameters (220+02)°C 358+6% 4.43 mho/m £6 %

Head TSL temperature change during test <05°C - ——
SAR result with Head TSL at 5200 MHz

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

SAR measured 100 mW input power 7.76 Wikg

SAR for nominal Head TSL parameters normalized 1o 1W 77.4 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.22 Wkg

SAR for nominal Head TSL parameters normalized to 1W 22.1 Wikg = 19.5 % (k=2)

Head TSL parameters at 5500 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 356 4.96 mho/m

Measured Head TSL parameters (22.0+0.2)°C 35426% 472 mho/m =6 %

Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5500 MHz

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

SAR measured 100 mW input power B8.38 W/kg

SAR for nominal Head TSL parameters nomalized to 1W 83.5 W/ kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 2.38 Wikg

SAR for nominal Head TSL parameters nomalized to 1TW 23.7 Wikg = 19.5 % (k=2)

Ceriificate No: D5GHzV2-1096_Apr14
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Head TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 36.3 5.27 mha/m

Measured Head TSL parameters (220=02)°C 350+6% 5.03 mho/m + 6 %

Head TSL temperature change during test <05°C - -—
SAR result with Head TSL at 5800 MHz

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

SAR measured 100 mW Input power 7.81 Wikg

SAR for nominal Head TSL paramaters normalized to 1W 77.8 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input powear 2.21 Wikg

SAR for nominal Head TSL paramaters normalized to 1W 22.0 W/kg = 19.5 % (k=2)

Certificate No: DSGHzV2-1096_Apri4 Page ¢ of 13
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Body TSL parameters at 5200 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 49.0 5.30 mho/m

Measured Body TSL parameters (22.0£0.2)°C 47.0£6 % 5.44 mho/m + 6 %

Body TSL temperature change during test <05°C — ——
SAR result with Body TSL at 5200 MHz

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

SAR measured 100 mW input power 7.72 Wikg

SAR for nominal Body TSL parameters normalized to 1W 76.6 Wikg + 19.9 % (k=2)

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

SAR measured 100 mW input power 2.15 W/kg

SAR for nominal Body TSL parameters normalized to 1W 21.3 Wikg + 19.5 % (k=2)

Body TSL parameters at 5500 MHz
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 486 5.65 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 465+6 % 5.82 mho/m £ 6 %
Body TSL temperature change during test <05°C -
SAR result with Body TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 100 mW input power 8,20 Wikg

SAR for nominal Body TSL parameters

normalized to TW

81.4 W/kg + 19.9 % (k=2)

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

condition

SAR measured

100 mW input power

2.28 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.6 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1096_Apr14
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Body TSL parameters at 5800 MHz
The following parameters and calciiations were applied.

Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 48.2 6.00 mha/m

Measured Body TSL parameters (22.0+0.2)°C 46.0=6% €.23 mho/m £ 6 %

Body TSL temperature change during test <05°C —_
SAR result with Body TSL at 5800 MHz

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

SAR measured 100 mW input power 7.75 Wikg

SAR for nominal Body TSL parameters normalized to 1TW 76.9 W/kg = 19.9 % (k=2)

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

SAR measured 100 mW input power 214 Wikg

SAR for nominal Body TSL parameters normalized to 1W 21.2 W/kg = 19.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL at 5200 MHz

Impedance, transformed to feed point 4990Q-6.7Q

Retumn Loss -235dB
Antenna Parameters with Head TSL at 5500 MHz

Impedance, transformed to feed point 501 Q+06[Q

Retum Loss -44.8d8
Antenna Parameters with Head TSL at 5800 MHz

Impedance, transformed to feed point 536Q+1.7jQ

Retum Loss -283dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed paoint 4340-56Q

Retum Loss -25.0dB
Antenna Parameters with Body TSL at 5500 MHz

Impedance, transformed to feed point 50.3Q+1.1§Q

Return Loss -38.6dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 540Q+28|Q

Return Loss -265d8B
General Antenna Parameters and Design

| Electrical Delay (one direction) 1.204 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 semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 10 the dipole arms in order to inprove matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or tha soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

Seplember 24, 2010

Certificate No: D5GH2V2-1096_Apri4
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DASYS5 Validation Report for Head TSL

Date: 15.04.2014
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 5GHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1096

Communication System: UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters vused: f= 5200 MHz; 6 =4.43 S/m; & = 35.8; p= 1000 kg/m“ , Medium parameters
used: f = 5500 MHz; o = 4.72 S/m; &, = 35.4; p = 1000 kg/m* , Medium parameters used: f = 5800 MHz; o =
5.03 S/m; & = 35; p = 1000 kg/m’

Phantom section: Flat Section

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

DASY52 Configuration:

« Probe: EX3DV4 - SN3503; ConvF(5.52, 5.52, 5.52); Calibrated: 30.12.2013, ConvF(5.01, 5.01,
5.01); Calibrated: 30.12.2013, ConvF(4.91, 4.91, 4.91); Calibrated: 30.12.2013;

e Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 25.04.2013

« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPS0AA; Serial: 1001
o DASYS5252.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, {=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.044 V/m; Power Drift = 0.04 dB

Peak SAR (extrapolated) = 28.1 W/kg

SAR(1 g) = 7.76 W/kg; SAR(10 g| = 2.22 W/kg

Maximum value of SAR (measured) = 17.8 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, [=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 64.505 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.8 Wkg

SAR(1 g) = 8.38 W/kg; SAR(10 g = 2.38 W/kg

Maximum value of SAR (measured) = 19.8 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 60.967 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 32.5 Wkg

SAR(1 g) = 7.81 W/kg; SAR(10 g = 2.21 W/kg

Maximum value of SAR (measurec) = 19.1 Wikg
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-6.00

-12.00

-18.00

-24.00

-30.00

0dB =19.1 W/kg = 12.81 dBW/kg
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Impedance Measurement Plot for Head TSL

15 Apr 2044 214:48:47
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DASYS5 Validation Report for Body TSL

Date: 15.04.2014
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole SGHz; Type: DSGHzV2; Serial: DSGHzV2 - SN: 1096

Communication System: UID 0 - CW: Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800 MHz
Medium parameters used: f = 5200 MHz; 6 = 5.44 S/m; g, = 47; p = 1000 kg/m” , Medium parameters used: f
= 5500 MHz: o = 5.82 S/m; g =46.5: p = 1000 kg/m® , Medium parameters used: f = 5800 MHz; ¢ = 6.23
S/m; & = 46; p = 1000 kg/m’

Phantom section: Flat Section

Measurement Standard: DASYS [TEEE/TEC/ANSI C63.19-2007)

DASY52 Configuration:

e Probe; EX3DV4 - SN3503; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2013, ConvF(4.52, 4.52,
4.52); Calibrated: 30.12.2013, ConvF(4.47, 4.47, 4.47); Calibrated: 30.12.2013;

o Sensor-Surface: 1.4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013

o Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
o DASYS52 52.8.7(1137); SEMCAD X 14.6.10(7164)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.402 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 31.2 W/kg

SAR(1 g) = 7.72 W/kg; SAR(10g) = 2.15 W/kg

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 59.617 V/m: Power Drift = -0.03 dB

Peak SAR (extrapolated) = 35.9 W/kg

SAR(1 g) = 8.2 W/kg; SAR(10 g) = 2.28 W/kg

Maximum value of SAR (measured) = 20.0 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, =5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 55.978 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 37.0 Wikg

SAR(1 g) = 7.75 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 19.3 W/kg
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-6.00

-12.00

-18.00

-24.00

-30.00

0dB = 19.3 W/kg = 12.86 dBW/kg
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Impedance Measurement Plot for Body TSL

15 Apr 2014 14:48:15
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