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Zeughausstrasse 43, 8004 Zurich, Switzerland

Aceredited by the Swiss Accreditation Service {SAS)
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Schweizerischer Kalibrierdienst
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Swiss Calibration Service
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Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)

°C and humidity < 70%.

Primary Standards 1D Cal Date (Certificate No.) Scheduled Calibration
Power meter E4419B GRB41293874 03-Apr-14 (No, 217-01811) Apr-15

Power sensor E4412A MY41498087 03-Apr-14 {No. 217-01911) Apr-15

Reference 3 dB8 Attenuafor SN: 55054 (3c) 03-Apr-14 (No. 217-01915) Apr-15

Reference 20 dB Attenuator SN: S5277 (20x%) 03-Apr-14 (No. 217-01919) Apr-15

Reference 30 dB Attenuator SN: 85129 (30b) 03-Apr-14 (No. 217-01920) Apr-15

Reference Probe ES3DV2 SN: 3013 30-Dec-13 (No. ES3-3013_Dec13) Dec-14

DAE4 SN: 660 13-Dec-13 (No. DAE4-860_Dec13) Dec-14

Secondary Standards iD Check Date {in house} Scheduled Check

RF generator HP 8648C 153642401700 4-Aug-99 (in house check Apr-13) In house check: Apr-16
Network Analyzer HP 8753E US37390585 18-Oct-01 {in house check Oct-13) It house check: Oct-14

Calibrated by:

Approved by:

Name

Function

This calibration certificate shall not ke reproduced axcept in full without written approval of the laboratory.

] Sig_n;ature

|ssued: November 3, 2014

Certificate No: ES3-3288_Sep14/2
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APPENDIX D: SAR TISSUE SPECIFICATIONS

Measurement Procedure for Tissue verification:

3) The network analyzer and probe system was configured and calibrated.
4) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container.
Trapped air bubbles beneath the flange were minimized by placing the probe at a slight

angle.
5) The complex admittance with respect to the probe aperture was measured
6) The complex relative permittivity € can be calculated from the below equation
(Pournaropoulos and Misra):

J2we, gy bpbpr ,exp[— J.wr(,uog;eo)l/z] o
Y="""T°209
[|n(b/a)]2 J.a J.a J‘O COS¢ r d¢dpdp

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates
refer to source and observation points, respectively, r? = p° + p’> =2pp'cosd’ , wis the angular frequency,

and j:J—_l.

Table D-I
Composition of the Tissue Equivalent Matter
Frequency (MH2) 750 750 835 835 1750 1750 1900 1900 2450 2450 | 5200-5800 | 5200-5800
Tissue Head Body Head Body Head Body Head Body Head Body Head Body
Ingredients (% by weight)
Bactericide 0.1 0.1
DGBE 47 31 4492 29.44 267
HEC See page 1 1
NacCl 2?3 9 |see page 2| 145 0.94 04 0.2 0.18 0.39 See page 4 01 See page 5
Sucrose 57 44.9
Polysorbate (Tween) 80 20
Water 4045 53.06 52.6 68.8 54.9 70.17 732 80
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2 Composition / Information on ingredients
The ltem is composed of the following ingredients:

H.0O Water, 35 — 58%
Sucrose Sugar, white, refined, 40 — 60%
NaCl Sodium Chloride, 0 — 6%

Hydroxyethyl-cellulose  Medium Viscosity (CAS# 9004-62-0), <0.3%

Preventol-D7 Preservative: aqueous preparation, (CAS# 55965-84-9), containing
5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyyl-3(2H}-isothiazolone,

0.1-07%

Relevant for safety; Refer to the respective Safety Data Sheet*.

Figure D-1

Composition of 750 MHz Head and Body Tissue Equivalent Matter

Measurement Certificate / Material Test

ftem Name Body Tissue Simulating Liguid {(MSL750V2)
Product Mo. SL AAM 075 AA (Charge: 130313-1)
Manufaciurer SPEAG -

K

Measurement Method

|TSLdialactric parameters measured using calibrated OCP probe.

Setup Validation .
[Validation results ware within + 2.5% towards the target values of Mathanal_

Target Parameters

[Target parameters as defined in the [EEE 1528 and IEC 62208 compliance standards.

Test Condition

Ambient Environment temperatur (22 + 3)°C and humidity < 70%.,
TSL Temperature 22°C

Test Dale 13-Mar-13

Operator IEN

Additional Information

TSL Density 1.212 glem’®
TSL Heat-capacity 3.008 k){kg"K)

Measured [Target TDiff.to Target [%)]
|1 [itz]| HP-¢* | HP-" |5l aps aigmal Aeps  A-sigma &
600 | 575 |246¢| 082 | 61 085 | 23 38 =
626 | 57.2 | 24.51 | 084 | BEL  nss | 24 114 ]
650 | 6570 {23.60| 087 | 550 086 | 18 92 £
675 | 567 |za60| 080 | 558 086 | 1s T L
700 | 564 |zasafost | 557 086 | 12 .61 B s 7
755 | 662 |2nraf08s | sse 08| 1o 28 !‘;-g' T e
c7so | osss [20dv] ooe [ 555 wes | or o os e
775 | 557 |2270) 658 | 554 007 0.4 17 600 €50 700 ?:?equ:?cnmféo 800 950 1a0g- |
800 | 554 (2260|101 553 097 | 0 40 -

B2Z3 | 5h2 |Z2adf 103 | 552 008 | 02 53
036 | 550 lE2RS8| .04 | BB2 088 | 08 59

B850 | G459 |Z228| 105 | 852 000 | 04 86 10.0 7=
875 § BAF |22iG| 108 | 8651 102 | 07 R :

A/b

SO0 | 545 |Z205| 10} 850 155 | 10 a1
%25 542 2103|113 860 106 | 1.3 B.2
60 | G40 JREE| 115 549 108 | 17 T2
475 538 [21.74| 118 | 543 108 | -0 a5

Dav. Gonductivity %
=
L=

1000 | 586 [2166) 121 548 10| 23 87 751 /
=100

600 650 JO0 TsO 800 830 OO 950 10C0

1 Fraguercy MHz

Figure D-2

750MHz Body Tissue Equivalent Matter

Note: 750MHz liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual
liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.
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Measurement Certificate / Material Test

Item Nama Head Tissue Simulating Liquid {(HSL750V2)
Product Mo. SL AAH 075 AA fCharge: 130212-4)
Marufacturer SPEAG -
Measurement Method
[TSL dielectric parameters measured using calibrated OGP probe. |
Selup Validation .
[Validation results ware within = 2.5% towards ihe target valuss of Methanal. |
Target Parameters
[Target parameters as defined in the IEEE 1526 and IEC 62200 compliance standards, |
Test Condition
Armient Environment tempearatur (22 + 3)°C and humidity < 70%,
TSL Temperature 22°C
Test Date 13-Mar-13
Operator IEN
Additional Information
TSL Density 1.284 glom”
TSL Heat-capacity 2.701 kJ/{kg*K)
Measurad [Target Diff. b0 Target %] . ]
1 [MHzj| HP-&'| HP-2" |sig BpS  sigma) A-eps  A-sigma "
600 | 446 | 2325|078 | 427 08B | a3 RET =
625 | 442 |23.00| 060 | 428 oBA | 28 25 &
650 | 458 | 2276|082 | 425 om0 | 32 71 E
875 | 434 | 2250} 084 | 423 080 | 28 4.9 it
To0 | 430 | 2224 0AT7 | 422 080 | 24 2.8 &
Teh 427 | 2206 ) 089 | 421 0B 1.6 0.2 -
780 | w24 |zege oo | ane owe] WU Taa ;
¥Th 42,1 | 21.72) 084 | 418 D80 e 4.6 B00. 850 700 ?:?equ:::yl.-'l:in 500 650 1IJ|ZIIII.
B0 | 417 (2156|006 [ 417 080 041 6.9 —
825 | 414 | 2140 008 [ 418 091 | 04 8.3
atet] 413 [ME2 | o9s | 45 0 0.8 4.0
50 | #M14 |224] 100 [ 445 oge| 08 9.6 10D -
875 | 408 |21.11] 103 | 415 o0s4 | -1 20 # 754 /"V
900 | 40 | 2088 | 105|415 oo7 | 24 8.3 £ 50+
925 | 403 | 2087 | 1.07 | 415 oss | 20 8.4 E g‘g} o
950 | 200 |20.78| 1.t0 | 414 008 | a5 10.3 5 .54
975 | ma7 (2066|142 ) 414 100 | 40 116 S 504
1000 | 305 | 2057 144 413 1ot | 45 1wz i S:
{00 —
] G B850 TOD  FED O A0D 85D 900 S50 1000
| Frequency MHz
Figure D-3

750MHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients

The Item is composed of the following ingredients:

Water, 52 — 75%

Diethylene glycol monobutyl ether (DGBE), 25 — 48%
(CAS-No. 112-34-5, EC-No. 203-961-8, EC-index-No. 603-096-00-8)

H20
C8H1803

NaCl

Relevant for safety; Refer to the respective Safety Data Sheet*.

Sodium Chiloride, <1.0%

Figure D-4

Composition of 2.4 GHz Head Tissue Equivalent Matter

Note: 2.4 GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Materlal Tast

Itam Mame
Product Mo.
Marulaciurer

Head Tisswe Simulating Liguid (HEL2450V2)
SL AAH 245 RA';Charge: 130212-2)
SPEAG 2

Maasurement Method

[TEL dimlechic pammatars mesasured using calibrated DGR probe,

Setup Validation

Walidation results wese wilhin = 2 5% fowards the targel values of Methanol.

Targel Parameters

Targel payramatars as defined in the IEEE 1526 and IEC G204 compliance slandards.

Test Conditlon

Amiblent

Environmen| bempearatur (22 + 3 C and humidity < 70%.

TSL Temperature  Z3°C
Test Date 13-Fik-13
Dperaior u]]
Additional Infi i
TSL Diensity 0986 glom’
T5L Heat-capacity 3.680 kJikg"K}

Measured Targa D1 Targel %]
|1 uHz]| P | 9-u” [aigma] eps sigmal Aeps  s-sigma # ";': I T
190 | did | 1134 | ves [ @0 van| o g B oo |
1 | 403 | vace | e | S0 40| 07 0 £ a5l |
e | 4oz | w20 | 68| s 140| 05 £2 5 T |
o706 | 40 | dRE0| 984 | S0 40| 03 43 q;\
2000 | 40 | 1229 197 | 00 140 | 09 23 g =0 -
0S| 200 [ 125|180 | 400 142 | 02 Y- -Fa |
sl Bl il Bl Bl B a0 2000 2100 2200 2000 2400 00 P F00
275 6 | 125 | a8 | dee 147 05 4.1 Frosuency WHE h
20 | w8 | 1268 van ] aee 148 | 0T oy —
EIECH EERRHECI RN TR ] 04
a0 | o |vzee( s3] 37 53| 40 0o — — — —
217 | w2 | 1289|068 | 30T 156 | 42 iE| 0y -
2200 | w4 (1267|958 | BnE 1S58 43 a8 & TE4 |
zaps | 320 | 1904 181 | 308 120 as 0% § 507
260 | 330|121 a4 | 308 1g2| ar 1z i =1 /
Z2T5 | 3BA | 13.20| 167 | A0S 184 | 18 16 5 .95 |
2900 | se7 [iams]ame | as 187 20 20 Y sl
25 | aBR |28 v 3| ama mm| 20 23 3 _7_5.‘/
ELUNETER RHEEIRECE L E R -2 25 100 — 1 — |
zivs | ama l1aso|1mel s 1m| za ag | 1900 FO00 200 00 FA00 2800 2500 PE00 ITOD
zann | apa |1ase| ver | ses ere | es RES | ) Frirquarny kiHz
zd25 | 3mz |1a6s) 18e | a0 a7e | a7 36
2460 | amy [1373[ 187 | 382 ome | 28 a0
2476 | app |137e| 100 | 382 B3| ai a8
2500 | 7% | 1385|193 | 381 185 | a3 a0
2525 | a78 | 1304|196 | 394 188 | a4 40
2350 | 877 | 1402|190 | a04 101 | .as 42
2575 | a7 | 1400 202 | a0 104 | aa 4.3
we00 | a7s [14i7] 208 [ 390 o8 | 40 A4
s | avA [d2al 200 | ®ma 198 | -az 4.4
pa0 | ara | vesfen | me zoz| 43 4.4
BETH | a7 | 1436 2a4 | 38 BOE | 45 A5
270 | 370 [1e43) 47| as0 207 | a8 L8

Figure D-5
2.4 GHz Head Tissue Equivalent Matter
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2 Composition / Information on ingredients
The Item is composed of the following ingredients:

Water 50 — 65%
Mineral oil 10 -30%
Emulsifiers 8 -25%
Sodium salt 0-1.5%
Figure D-6

Composition of 5 GHz Head Tissue Equivalent Matter

Note: 5GHz head liquid recipes are proprietary SPEAG. Since the composition is approximate to the
actual liquids utilized, the manufacturer tissue-equivalent liquid data sheets are provided below.

Measurement Certificate / Material Test

Inem M ‘Head Tissue Simulating Liquid (HBBLIS00-5800V5)
Froduct Mo SLAAH 502 AC (Charge: 130903-1)
Manufacturer SPEAG

Measurement Method
[TSL deelectr ATErs Measured using calibrated OCP probe

Selup Validation
|V<‘l'=l:l.'1l of fisulls ware within + 2 5% towards the targed walues of Mathanal :l

Targe! Paramelers
|Targei parameters as delined in the IEEE 1528 and IEC 62200 complance standards

Test Condition

| ArmEnant Ervironment termparatur (22 = 3)*C and humidity < 70
TSL Temperaturs 22°C

Tesi Dale 4-Sep-13

Operator IEN

Additional Information
TSL Density 0.985 glem’
TSL Heat-capacity 3.383 klifkg i)

Ibiriasairind Tangit Dttt Targeot [%]
{ [Mkiz] | HiP-a* | HP-o” |aigmal ops  sigmal A-eps  A-sigma L 1°f
300 | %87 601|284 | o 2| 17 11 o 75
| 15 03 - P
| 15 05 | B
212 18 A3 T 0o R |
iz 16 9 B @5
332 1 22 8 ]
343 1 < 5
353 i% a0 $00
163 | 15 a3 3400 2900 4400 4900 5400 SH00
an 18 a3 Feaguency MHZ
asa | 14 33
&R 4 32
- 1 32
: 14 1: a3 “:f
a25| 13 33 - =
as0| 11 az * e
a6 | 13 2% H :: x
aan| 12 az
aas | 11 24 E 24 el
aso| o9 29 § 50
ass| 29 - :
-] 1.0 29 I
e 3400 3000 ::r.a ::.)f M0 se00
an | o8 27
| o9 2
481 [=1:] 2
ams | a7 2
ag1 | o8 2
[0 27
501 | 08 25
507 | 0% 25
512 | 08 23
sar| os 23
5750 | 355 | 1598] 511 ] 354 s22 | 04 21
| 35.5 | 15.97] 5. _537)| 08 23 |
saso | 954 g0z san [ 35 s34 oa FT]
5800 | 353 | 1603 | 526 | 353 540 o0 26
Figure D-7
5GHz Head Tissue Equivalent Matter
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APPENDIX E: SAR SYSTEM VALIDATION

Per FCC KDB 865664 D02v01, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software
versions) used for this device were validated against its performance specifications prior to the SAR
measurements. Reference dipoles were used with the required tissue- equivalent media for system
validation, according to the procedures outlined in FCC KDB 865664 D01 v01 and IEEE 1528-2013.
Since SAR probe calibrations are frequency dependent, each probe calibration point was validated at a
frequency within the valid frequency range of the probe calibration point, using the system that normally
operates with the probe for routine SAR measurements and according to the required tissue-equivalent
media.

A tabulated summary of the system validation status including the validation date(s), measurement
frequencies, SAR probes and tissue dielectric parameters has been included.

Table E-I
SAR System Validation Summary
PR COND. PERM. CW VALIDATION MOD. VALIDATION
FREQ. PROBE | PROBE

ST [MHS] D= SN TYPE PIROIEIE AL, [FeIr SENSI- PROBE PROBE MOD. TYPE DUTY PAR
& ©) &) TIvITY LINEARITY ISOTROPY : FACTOR
D 750 8/28/2014 3263 ES3DV3 750 Head 0.911 40.71 PASS PASS PASS N/A N/A N/A
J 835 9/30/2014 3022 ES3DV2 835 Head 0.911 41.35 PASS PASS PASS GMSK PASS N/A
D 1750 7/31/2014 3263 ES3DV3 1750 Head 1.360 39.45 PASS PASS PASS N/A N/A N/A
G 1900 6/25/2014 3258 ES3DV3 1900 Head 1.400 39.22 PASS PASS PASS GMSK PASS N/A
D 2450 10/3/2014 3263 ES3DV3 2450 Head 1.846 37.94 PASS PASS PASS OFDM/TDD PASS PASS
E 5300 10/28/2014 7308 EX3DV4 5250 Head 4.617 36.20 PASS PASS PASS OFDM N/A PASS
E 5500 10/28/2014 7308 EX3DV4 5600 Head 4.828 35.97 PASS PASS PASS OFDM N/A PASS
E 5600 10/28/2014 7308 EX3DV4 5600 Head 4.914 35.82 PASS PASS PASS OFDM N/A PASS
E 5800 10/28/2014 7308 EX3DV4 5750 Head 5.113 35.53 PASS PASS PASS OFDM N/A PASS
D 750 10/20/2014 3263 ES3DV3 750 Body 0.971 55.55 PASS PASS PASS N/A N/A N/A
K 835 10/13/2014 3288 ES3DV3 835 Body 0.998 52.95 PASS PASS PASS GMSK PASS N/A
D 1750 8/7/2014 3263 ES3DV3 1750 Body 1.438 52.96 PASS PASS PASS N/A N/A N/A
G 1900 6/25/2014 3258 ES3DV3 1900 Body 1.534 51.23 PASS PASS PASS GMSK PASS N/A
G 2450 6/17/2014 3258 ES3DV3 2450 Body 2.024 51.13 PASS PASS PASS OFDM/TDD PASS PASS
H 5300 12/30/2014 3920 EX3DV4 5300 Body 5.523 47.80 PASS PASS PASS OFDM N/A PASS
H 5500 12/30/2014 3920 EX3DV4 5500 Body 5.800 47.43 PASS PASS PASS OFDM N/A PASS
H 5600 12/30/2014 3920 EX3DV4 5600 Body 5.932 47.26 PASS PASS PASS OFDM N/A PASS
H 5800 12/30/2014 3920 EX3DV4 5800 Body 6.191 46.98 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements
were performed using communication systems calibrated for CW signals only. Modulations in the table
above represent test configurations for which the measurement system has been validated per FCC KDB
Publication 865664 D01v01 for scenarios when CW probe calibrations are used with other signal types.
SAR systems were validated for modulated signals with a periodic duty cycle, such as GMSK, or with a
high peak to average ratio (>5 dB), such as OFDM according to KDB 865664.
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