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Oibject EX3DV4 - SN:3643
Calibration procedureis) QA CAL-01.v8, QA CAL-12.v7, QA CAL-14.v3, QA CAL-23.w4,

QA CAL-25.v4

Calibration procedure for dosimetric E-field probes
Calibeation date January 27, 2012

This calibratian cerlificals documents the traceabiéty to national standards, which realize the physical units of measurements (S1)
The maasuremonts and the uncerainties with confidence probability ane givan on the following pages and are pad of the cerificate

All calibrations have been conducted in the dosed laboratory tacility: environment temperature (22 + 3)°C and humidily < 70%.

Calivration Equipment used (MATE crilical for calibrabicn)

Frimary Standards D Cal Date {Cedificale No.) Schadulad Calibration T
Powar maber E44188 GB41203874 31-Mar-11 (No. 217-01372) Apr-12

Power sensor Edd 124 MY41498087 31-Mar-11 (No. 217-01372) Apr-12

Raference 3 dB Allenuator SM: 55054 (3c) 28-Mar-11 (No. 217-01368) Apr-12

Raference 20 dB Attlenuatar SN. 55086 (200) 28-Mar-11 (No. 217-01367) Apr-12

Rotersnce 30 dB Attenuator SN: 55129 (30b) 20-Mar-11 (Mo, 217-01370) Apr-12

Raference Probe ES30V2 SH: 3013 28-Dwc-11 (Mo, ES3-3013_Decil) Dwc-12

DAES SH: 854 3-May-11 (Mo, DAE4-654_May11) May-12

Secondary Standards 1D Check Date {in housa) Al __Sd‘mﬂad Chick

RF genarator HP BE48C US3842001700 4-Aug-99 (in house check Apr-11) In house chack: Apr-13
Netwark Analyzer HP B753E US3T300545 18-0c1-01 {in house check Od-11) In house check: Ocl-12

Nama Funethon ﬂg;jl-_aima

Calibrated by Fatja Pokovic Technical Manager .

Approvad by Miets Kustor Cuality Manages

Issued: January 27, 2012

This calibration cor#icate shall not be mproduced excep! in full without wiiltan approval of the Labomatary.
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Glossary:

TEL tissue simulating liquid

NORMxy,z sensitivity in free space

ConvF sansitivity in TSL / NORMx,y.z

DceP diode compression point

CF crast factor (1/duty_cycie) of the RF signal

A B C modulation dependant linearization parameters

Puolarization p o rotation around probe axis

Polarization & 4% rotation around an axis that is in the plane normal to probe axis (at measurement canter),

i.e., & = 0is normal to probe axis

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement

Techniques”, December 2003
b) IEC 62208-1, *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 2005

Methods Applied and Interpretation of Parameters:

«  NORMx,y 2 Assessed for E-field polarization % = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide),
NORMAx.y,z are only intermediate values, i.e., the uncertainties of NORMsx,y,z does not affect the E*-field
uncerainty inside TSL (see below ConvF).

s NORM{fix.y.z = NORMx.y,.z * frequency_response (see Frequency Response Chart). This linearization is
implementad in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of Com,

s 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 frequency nor media.

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

e  Axy.z Bxyz Cxyz VRxyz A B Care 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 diode.

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfar
Standard for T < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz, The same setups are used for assessmeani of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close fo the boundary. The sensilivity in TSL corresponds
ta NORMzx.y,z * ConvF whereby the uncertainly cormesponds to 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

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

s Sensor Offset: The sensor offset correspands to the offsel of virual measurement center from the probe tip
(on probe axis). Mo olerance required.

Certificate No: EX3-3643_Jan12 Page 2 of 11

TRF-RF-303(03)100616 Page72 /109
Copyright © 2012, Digital EMC Co., Ltd.



Report No.: DRTFCC1203-0145 FCC ID: ZNFA275 Date of issue: Mar.23, 2012

EX3DV4 - SN:3643 January 27, 2012

Probe EX3DV4

SN:3643

Manufactured:  January 8, 2008
Calibrated: January 27, 2012

Calibrated for DASY/EASY Systems

(Note: non-compalible with DASY2 system])
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EX3DV4- SN.3643 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Basic Calibration Parameters

Sonsor X Sensor ¥ T Sensor Z Unc (k=2)
Morm {pViimy )" 0.40 0.42 0.45 £10.1%
DCP (mv)® 959 96.7 93.7

Modulation Calibration Parameters

(1]]4] Communication System NMame PAR A B C VR Une™
dB dB dB mv (k=2)
10000 ] D00 | X | 000 000 | 100 | 957 | #19%
Y | 0,00 oo | 100 | 1029
Z | o000 0.00 100 | 1064

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%.

* Tha uncertainties of NomidY,Z do nod affect the E™-fiald uncenainly inside TSL (sea Pages 5 and 6).
" Murnerical knoarzalion parameter: uncartainty not reguined

£ Uncertainty ks determined using the masx. deviation from linear response applying rectangular distribution and is expressed for the squans of the
fiald valus
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EX30Wv4- SN:3B43 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Dapth Unct.
f(MHz)® | Permittivity” (sim)" ConvF % | ConvFY | ConwFZ | Alpha | (mm) ik=2)

450 43.5 0.87 9.78 0.78 9.78 0.1 1.00 +13.4 %
750 41.9 0.89 9.33 8.33 9.33 0.36 0.87 +12.0%
835 41.5 0.90 8.94 B.94 8.94 0.37 0.83 £ 120 %
1750 40.1 1.37 B.25 B.25 8.25 0.42 0.83 £12.0%
1900 40.0 1.40 7.97 7.97 7.97 0.50 0.73 t12.0 %
2450 39.2 1.80 712 7.12 7.12 0.41 0.80 £12.0%
5200 36.0 4.86 4.94 4.94 4.94 0.40 1.80 +13.1%
5300 359 4.76 4.69 4,69 4.69 0,40 1.80 £13.1 %
5600 35.5 5.07 4.11 4.11 4.1 0.50 1,80 £13.1%
5800 353 5.27 4.16 4.16 4.16 0.50 1.80 +13.1%

© Fraquency validity of £ 100 MHz only applies for DASY w44 and higher (sae Page 2). els il is restricted 1o £ 50 MHz. The uncarlainty is tha RS5
of the ConvF uncertainty at calibration frequency and the uncedainty for the indicated frequancy band

" Al frequencies balow 3 GHz, the valigity of tissus pasameters (¢ and o) can be relaxed to & 10% if liquid compensation formuila = applied ko
measured SAR values, Al frequisncies above 3 GHz, the validity of fissus paramaters (= and o) is resiricted o + 5%. The uncertainty is the RSS of
ther ConvF wncertainty for indicatad farget lissue parametars

Cerfificate No: EX3-3643_Jan12 Page 5 of 11

TRF-RF-303(03)100616 Page75/ 109
Copyright © 2012, Digital EMC Co., Ltd.



Report No.: DRTFCC1203-0145

FCC ID: ZNFA275

Date of issue: Mar.23, 2012

EXIDV4- SN:3643

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Calibration Parameter Determined in Body Tissue Simulating Media

January 27, 2012

Relative Conductivity Depth Uniet.

f(MHz)® | Permittivity" isim) " ConvF X | ConvFY | ConvFZ | Alpha | (mm) (k=2
450 56.7 0.94 10.32 10.32 10.32 0.04 100 | 134 %
750 55.5 0.96 8.23 9.23 9.23 0.31 0.94 | £120%
B35 55.2 0.87 9.12 B8.12 9.12 0.32 096 | +120%
1750 534 1.49 7.75 7.75 7.75 0.89 0.67 | £12.0%
1900 53.3 1.52 7.34 7.34 7.34 0.63 066 | £+120%
2300 52.9 1.81 7.08 7.08 7.08 0.80 055 | £120%
2450 52.7 1.95 £.95 6.95 5.95 0.75 0.57 | +120%
2600 52.5 2.16 6.71 6.71 6.1 0.80 050 | £120%
3500 51.3 3.31 6.17 8.17 6.17 0.34 1.22 | 2131%
5200 49.0 5.30 4.23 4.23 4.23 0.50 190 | £131%
5300 48.9 5.42 4.05 4.05 4.05 0.50 190 | #1341 %
5600 48.5 5.77 361 3.81 3.61 0.60 1.90 | +131%
| 5800 48.2 .00 3.60 3.80 3.80 0.50 190 | £1314%

“ Froquency validity of 100 MHz only applies for DASY v4.4 and higher (see Page 2, else i is restricied fo + 50 MHz. The uncerainty is the RSS

of tha CanvF uncerainty at calibration frequancy and the uncertaingy for the indicated freguency band
* A1 frequencies balow 3 GHz, the validity of tissue paramstars (c and o) can be refaxed (o + 10% i liquid

ion formada is applad 1o
maasurod SAR valups. At frequencies above 3 GHz, tha validity of Hssua paramatars (¢ and o) s restricted 10+ 5%, Tha uncartanty i the RSS of
tha ComvF uncorainly for indicaled tenped lissue paramaters
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EX30V4- SN.3643 January 27, 2012

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

1.1-

TTT TS

10

08

08-

Frequency response (normalized)

06

05'_ L1 & 1 S . | i I i L1 I_i L1 | |
0 500 1000 1500 2000 2500 2000
f [MHz]

en Rz

Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
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EX3DV4- SN:3643 January 27, 2012

Receiving Pattern (¢), 3 = 0°

=600 MHz, TEM f=1800 MHz R22
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
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EX3DV4- SN:3643

Input Signal [uv]

10°-

January 27, 2012

Dynamic Range f(SAReaq)
(TEM cell , f = 900 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
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EX3DV4- SN:3643 January 27, 2012

Conversion Factor Assessment

= 835 MHz WGLS RS (H_comF) { = 1900 MHz WGLS R22 (H_com)
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Deviation from Isotropy in Liquid
Error (¢, 3), f =900 MHz

40 08 06 04 02 00 02 04 06 08 1.0
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)
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EX3IDV4- SN:3643 January 27, 2012

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3643

Other Probe Parameters
Sensor Arrangement | Trangular
Connector Angle () Mot applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Lenglh 337 mm
Probe Body Diameter 10 mm

| Tip Length . 8 mm
Tip Diameter 2.5mm
Proba Tip to Sensor X Calibration Point ' 1 mm
Probe Tip to Sensor ¥ Calibration Point 1 mm
Probe Tip to Sensor Z Calibration Point r 1mm
Recammended Measuremenl Distance from Surface 2 mm
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cient  Digital EMC {Dymstec)
CALIBRATION CERTIFICATE |

Obgac DB35V2 - SN: 464

Cerdiflcate Ha: DB3EV2-464 Mari0

Calbrahon procedursdsl

QA CAL-05:7
Calibration procedure for dipole validation kits

March 22, 2010

Calitwabion clabe:

This cakfiration cemfcaby cotuments the rzcaatilty o rational ssandamis, which raalizs tha physical units af massaamenta 151
The mnasuremerits and the urcarairtizs with conficence peatamilsy are grenn on e doliowing pagas and are partal he cetificals

All caibradires Fawe peen condi ekl

et [abanatory Bacllidy amvinnmant femparaiurg (22 = 30°0 gng humidny « 705

Lalorahon Equpman izsan IMATE ortcal far calibraton|

Thes calibrddian cedilicate shall not e repeoduced oxcipt i ful sthout wnban approsat of tha lsborasory.

Premary Srandards I # [1al Meze {Cadilicae Ho) Sohedulest Catbiralion
Praes rrler EPM-424 GEAT4A0704 [5-01-C8 (Mo, 217-010881 [T

Pirdsr sereeai HP G461 & UB3rz02Tas 05-0 =00 (Mo, 21 7-01 036 i " B 4

Faletence 20 &3 Atenalor S &08E (20 1 Blar-00 Mo 21 7-01028) Mar- 10

Type-N mismakch combinglian BN 5047 2/ DEIZT 31800 (No, 21 T-001029) Mir 10

Falerance Probe E5300VE 5N 3e03 G-ui-09 (MO, EB3-3205 _JunDa] dun-10

DAEL M, &0 M- 10 Mo, QASI-E01_Marid) i 11

SECOM]Ery Standands I e Diales ) housa) ECIL‘\E'E.!D\'J_ ﬂ!‘ngu:k
Prownr sarsar 2 BB & W giasen? 1808 [in housa ahazk 005 In hausa check: Ook-11
RAFE genaratzr RLES SMT-08 1S, d-A0ug-99 jin howsa chack Oot-0 I Feabes chgck el
Hetwore Analyzes HP 87E3E L=arindnas 54206 TE-C3A-0 T {im house chazk Ocd-0%) A hioies chieck: Cel-10
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It"' .Ji-'bt’ L.-
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Approvan by Katia Poo. Tachnical Manager o i
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Glossary:

TSL tissue simulating hqud

ConvF sensitivity in TSL / NORM x.y.2
A nol applicable or nat measured

Calibration is Performed Accarding to the Following Standards:

a) |EEE 5td 1528-2003, “|EEE Hecommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (2AR] in the Human Head from Wireless
Communications Devices: Measurement Techniques®, Decamber 2003

by IEC 62208-1, "Procedurs to measure the Specific Absorption Rate (SAR) for hand-hald
devices usad in clogse proximity to the ear (frequency range of 300 MHz 1o 3 GHz)",
Febriany 2005

¢) Federal Communications Commission Office af Engineering & Technology (FGC DET),
“Evaluating Compliance with FCC Guidelings for Hurmman Exposure to Radictreguancy
Electromagnetic Fields, Additional Information for Evaluating Compliance of Mabile and
Portable Devices with FCC Limits for Human Exposure to Badiofregquency Emissions”,
Supplement C (Edition 01-01) to Bulletin 85

Additional Documentation:
dy DAEY4'S System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report al the end
of the cerificate. All figures stated in the cedificate are valid at the frequency indicated.

= Anlenna Parameters with TEL: The dipole is mounted with the spacer to position fts foed

point exactly below the center marking of the flal phantam s=ction, with the arms orented
paralial to the body axis.

* Feed Point impedance and Retum Loss: These paramatars are measurad with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from tha
measuramant at the SMA connector to the feed point. The Retum Loss ensuras low
reflected power. No uncertainty requirsd.

» Electrical Delay: One-way delay batween the SMA connecter and the antenna feed point,
Mo uncerainty reguired.

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

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

= SAR for nominal TSL parameatars: The measured TSL parameters are used to caloulate the
nominal SAR rasull,
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS Ve
Extrapolation Achiancad Extrapolation

| Phantom
1

Modular Flat Phantom V4.9

Distance Dipole Center - TSL

65 mm

Zoom Scan Resolulion

with Spacer |

o, dy, 2 =5 mm

Fregquency

Head TSL parameters

Thu [ollewing paramelars and caloulalions wers sppled.

B35 MHz = 1 MHz

: Temparatura Permittivity Conductivity
HNominal Head TSL paramatars 22.07G 415 0.80 mhe'm
Maagured Head TEL parameters [22.0+02'C 20+ 6% 031 mhoim =8 %
Head TSL temperature during test {22.0 =0.2)°C fi= -

SAR result with Head TSL

| saR averaged over 1 em” {1 g} of Hoad TSL Condition
SAR measurad 250 mW input power d4amW g
SAR narmalizedt narmialized o W B7G MW g

SaAH tar nomingl Head TS0 parmmatons

normalized o W

9,75 mW /g = 17.0 % {ke2)

SAA averaged over 10 cm” (10 g) of Haad TSL

coreditian

SAH measurad

250 mi inpeat poaar

SAR normaiized

normalizad 1o 1W

SAR for rominal Head T5L pasmsters

158 mW /g
36 mW /g

normaizad to 1W

Ceadificate MNo: DEISV2-4R4 Marii]

TRF-RF-303(03)100616

£.35 MW /g + 16.5 % (k=2}
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Body TSL parameters
The following parametens and cainulations wing applisd
Temperature Permiilivily Conductivity
Nominal Body TSL parameters 2200 962 == 057 mbo'm
Measured Body TSL parameters | 220+02)"C fEd=fT .07 mihodm £ 8 %
_Bl:rdy' TEL temperature during test | 221+ 0.8] '.'D | —-—
SAR result with Body TSL
SAR averaged over 1 cm” {1 g) of Body TSL Canditan
SAR massured =5 mW input power 2 ‘-5 .-.-w |
54R EIIZI!TTIEI.'JZGEI NG EED o TW 2 MW g

SAR for noming! Body TSL parameters

normaized e 1W

9.0 mW ! g = 17.0 % (ka2)

SAR averaged over 10 cm® {10 g) of Body TSL

1
| conditicn

EAR messunnd

280 mW Inpul power

EAR nomalized

rarmalized to 1

L7 mW (g
G.G3mWiog

SAR for nommnal Body TEL parameiers

rormalized to 1%

Cammiicate o DEISV2-464 Maril

TRF-RF-303(03)100616

B.53 mW [ g+ 6.5 % (k=2)
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Appendix
Antenna Parameters with Head TSL

Impedance, Fansformed io feed point HOY Lr- 26 jQ

Fisturm Loss -31.8.d8B

Antenna Parameters with Body TSL

Impedance, ransformed o deed point ddib (- 5.7 0

Asturn Loss #4565 da

General Antenna Parameters and Design

Electrizal Delay {one directon) [ 1,382 ng |

Afer long tarm wss with 100W radiated power, onby & slight warmming of the dipale near the feedpoint can be megsumed

Tha dipofe = mads of standand semirigid coaxal cable, The center conducior of the feeding line s direclly cannacisd fo the
sacond arm al the dipole. The antenna is thermfore shor-circuited tor DC-signels.

M gxcessivg lorce must o apolisd 1o the dipole arms, becausse thay mioat bend or the soldered connections near the
‘-L!-e',-:"ipr‘:- nt may b damaged

Additional EUT Data

| Manulacteed by SPEALG
Manetastuned on March &7, 2002
Coamficatia Mo: DEssVE-d6d_Marid Hage S of 4
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DASYS Validation Report for Head TSL

Dratef T e, 2203 200 00952240
Test Laboratory: SPEAG, Zurich, Switrerlund
DUT: Dipade 833 MITz: Type: DEIEYV2: Serial: DEISVE - SN:d04

Communication System: CW; Frequency: 835 MHz: Duty Cycle: |11

Medium: HSLODD

Medium parameters used: f= 835 MHz: 6 = 0.01 mhofm; g = 4294 p = 1K keim’
Phantem section: Flat Section

Measurement Standard: DASYS (TEERTECSANSL UL 1 9-2007)

DASY S Configuraticn:
o Probe: ESATIVA - SN3205; ConvF(b04, 6004, 6048 Calibrated: 26.06,2009
o Sensor-Serface: dmm Mechanical Sorlaee Detection)
o Electronics DAEL Sab0]; Calibrated: 020320104
o Phantom: Flat Phantor 490 Type: QROOOPAOAA; Serfal 100
o Measurement SWeDASYS, V52 Baild |37; SEMCAD X Version 4.0 Build 57

Pin=250 mW /d=15mm. disi=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measuremen
ridi dy=3mm, dy=3mmny, de=5mm

Reference Value = 37.6 ¥im; Power Drifr = 0.016 dB

Peak SAR (extrapidied) = 366 Wike

SARID g) = 244 mW/g: SARILD g) = 159 mW/g

Misimum value of SAR (measured | = 285 mWig

i

0 dB = 2 B5mWig

Cenificata No: DEISV2-484_Marlo Pago & of 9
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Impedance Measurement Plot for Head TSL

2 Har TH1@ @S9:I9iES
1 1 LG F BE T [} i ]
- I-
i |!
" 4] I B, I
Lenifcate Mo DI3ASVE-464 Marin Page 7 al.9
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DASYS5 Validation Report for Body

DrateTime: 2203 20000 15:46:23
Test Luboratery: SPEAG, Zunich, Svitzerland
DIUT: Dipole 835 MHz; Tvpe: DEASY2; Serial: DEISY2 - SN:464

Communication Systen: W, Frequency: 335 MHz, Duny Ovele: 121

Mediwm: M5S0

Medium parameters used: {= 833 MHz: o = LO1 mho/m: g, = 55.3; = 1000 keg/m’
Fhantom seciion; Flat Scction

Measumement Standand: DASY S (IEEEMEC/ANS] Chd, 19-2007)

PPASY S Configuration:
s Probe: ESADV3I - SN3205; ConviF 5 97, 5347, 5975 Calibroted: 26,06, 2009
o Segsor-Surface: dmm (Mechanicil Surface Delection)
o Electronics: DIAED 5ot Calibrated: 02 032000
o Phanton: Flat Phantom 4.90: Type: QUENPA9AA; Serial: 1060]
o Mlewsyrement SWe DASYS, V32 Build 157; SEMCAD X Version 140 Build 57

Pin230 mW /d=15mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
eric; du=5mm, dy=3mm, dz=5mmn

Refercnce Walue = 338 Vine Power Dl = 0.034 JB

Peak SAR (exwapolated) = 378 Wiky

SARIL g) = 2.55 mWig: SAR{10 g} = 1.67T mW/g

Maximuwm value of SAR {measured | = 298 mw /e

0 dB = 2.98mWig

Carificate Mo DA3SVE-484 Marid Paga B af g
TRF-RF-303(03)100616 Page90 /109
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Impedance Measurement Plot for Body TSL

) 12 Mar ZELB 213343:E3
i i}
Carlificate Mo: DESSVE-4E4 MariC Page Dol 3
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Calibration Laboratory of

Schmid & Parner
Enginearing AG

Ledgheussirasss 43, 8004 Zurich. Swilserkand

Arcradied by iha Badss Azcraritatinn Servica (S45)
The Swiss Accraditation Sarvica is ane of the sionatories In tha EA
Multilateral Agreement for the recogniticn of calibration cartificatas

cient  Digltal EMC (Dymstec)

Accreditation Mo.

5

SCS 108

Sehwelzenischer Kalibrsardiamst
Serviee suisse d'étalonnage
Saryiria svizzero di tarndurs
Swiss Catibratian Servica

Certificate No: 01900V2-5d029_Marl10

CALIBRATION CERTIFICATE

Citnjecs

Cadibvalion procaduns =)

Galibretian daie

D1200V2 - SN Bd028

QA CAL-05v7

Calibration procedure for dipole validation kits

March 23, 2010

Trig caliprat o cartilicals documants the tacesthilty 10 national standeeds, which raalize 1ha prvaice unlls of measaramenls (S

The measuremants and te uncersnlies with corfiderce prosatibiy ae given o S Iollowing pagas el are pert of (e cetificale

All Canbialions Dhave Lean conducied in b closed Tabomslory facility: ansiranment temparaaarg (22 = 37 C and oy < S5

Calisration Equpimend wsed (MATE critaal far calibraton)

Prenary Stancarss

100 &

Proaer mater EPM-2428
Prawer sensar HP 84714
Redrremes 20 o5 Attemsine
Typie-M mismatch romhination
Relnrenne Proha E5300

DAF4

Galiteptad Ly

Apprirees by

This cabbration cenfcabe shall nol be represuced exsapt n full wefrout wiitlen approval of e abaratony

Srrnndany Siardrms
Poweer gensor HR BAETA
AF genamlor RS SRT-0E

B3T4307 04
LERETEeaTis

BN 5066 (20g)

SR ST 20 OE3ET
AN 205

S R

34

Caal [1asa (Carihoets N

Stheduled Caibration

D008 (Mo, 2170108
06-O-08 (Mo 21 01 086)
J1-Mar-0s (Mo 21701 02%)
-Mlar-0E (Mo 217-01029
2E-JLin-08. (MNo. ESS-0205 _Jundi)
O2-Mar-1C (Mo DAE2-801 Maid)

Check Dale Jin house)

WMy4i03zanT
100005

Metwork Analyzer HF @T33E

USITARO5ES S4208

Fame
Dirrece ity

Katji Pokovi

18-k {in Rouse shack Oo-09)
4.8 limhouse chank Dvod-18)
18-Cee01 (in hpuse check Do-08)

Sunchian

Labaratary Technlglan

Tecnnical Manaar

Cadibcate MNo: D19C0Y2-500249_Mar1i

TRF-RF-303(03)100616
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Calibration Laboratory of

__xié_'h ;"’I} E Schvanizarischer Kaliorierdienst
i
Schmid & Pariner m c Gorvica sulsse ddtalonnags
Enginegring AG e Borvizio svizzero dl taratura
Zeughausstrassa 43, A004 Zurich, Switzeriand '-f.,:f'lr 3_“\;; S swiss Calibeation Sarvice
iyl gt
fircrediled by (ha Seies Avcraddalin Seie |S85) Accraditation Mo SCS 108

The Swiss Acorediabon Service is oné of the signataries to the E4
Multitateral Agreerment for the recognifion of callbration cartificatas

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / MORM x,v.z
M/A nit applicable or not measurad

Calibration is Performed According to the Following Standards:

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

b) IEC B220%-1, 'Procedure to measura the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity 1o the ear (freguency range of 300 MHz2 1o 3 GHz)",
February 2005

c) Federal Communicaticns Commission Office of Enginesnng & Technology (FGE QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
Electromagnetic Fislds; Additional Information for Evaluating Compliance of Mobile and
Fortable Devices with FGC Limits for Human Exposure to Radiofraguency Emissions”,
Supplement C (Edition 1-01) to Bulletin 65

Additional Documentation:
dy DASY45 Systerm Handbook

Mathods Applied and Interpretation of Parameters:
s Measurement Conditions; Further details are available from the Validation Repor al the end
of the certificate. All figures stated in the cerificate are valid at the frequency indicated.

» Apfonna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantam section, with the arms orignted
parallel to the body axis '

e Feed Poinl impedance and Retum Loss: These paramaters are measurad with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremant at the SMA connector to the feed point. The Relum Loss ensures low
reflected power. Mo uncertainly reguired,

s Clectical Delay: One-way delay between the SMA connector and the antenna feed poinl.
Mo uncerainty reguired,

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

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

«  SAR for nominal TSL paramefers: The measured TSL paramsters are used to calculate tha
nominal SAR result

Cartilicate Mo D1800W2-G028_hiaitn Paga? ol 9
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Measurement Conditions

DASY systern configuration, as faras mat gHven on page 1

DASY Versicn DAEYSE Wha
Extrapolation Adyanced Sxirapolaticn
Phantam hodidar Flal Phantom W& 0
_Dii!fl'll:t I:I-lpni_-.'r ‘_:EHI:EI - TSL i 1I;J l-r||1| with Spacer
Zoom El:ﬂri ﬁlﬂﬁ.ﬂll-.r-un-l.l i, dy .n? 5 mm
Freguency THEX) MHZ + 1 MHZ? 3
Head TSL paramelers
The folfowing parameters and palculations wera appliea,
Temperature Permitthvity Conductivity
Mominal Head TSL parameters Zn C- 40.0 '-1I:I minam
Measured Head TSL parameters (2201 = .131 G .1-1 128 % 145 mho'm = & -=.~¢._
HTSL temperature during test [21.5 =02 *C -
SAR result with Head TSL
| SAR averaged over 1cm’ {1 ) of Head TSL Conditian ]
SARA measurad 250 MWW input pawer 100 g
SAR normalized narrr'.al}zul:r ta iy -m.ll S o

5AR for nominal Head TSL pammetars

normalized to 19

39.4 mWW /g & 17.0 % (k=2)

SAR averaged over 10 om” [10 g) of Head TSL

conditon

SAR maasured

250 mW inpead possier

SEIMW g

=A4R normakezed

normalized fo 1

SAH for namingl Mead TSL parametars

205 mW . g

sormalized fo 1W

20.8 mW /g = 18.5 % (k=2

Derilieaie Mo D1200V2-5d029_MartD

TRF-RF-303(03)100616
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Body TSL parameters
The tollowing parameters and calcuiations were applisd,
| Temperatura Permittivity Conductivity
Hominal Body TSL parameters 220=C 533 1 .52 mha'm
Measured Body TSL parameters | (2200370 540 2 B % 1.58 mha/m £ & %
| Body TSL temperature during fest i (21502 "0
SAR result with Body TSL
| SAR averaged over 1 em” {1 g of Body TSL Condificn |
SAH measured A0 mW input power | 13 mW /g
SAR normalizec normalizes o 1w 41.2 mW /g
SAR for nomiral Bedy TSL parametars normralized @ TW | 40,8 mW { g = 17.0 % [k=2)
SAR averaged aver 10 emy’ {10 g} of Body TSL corsdition |
SAR measurad 250 mW Input pawe 550 MW /g |
SR norralizad normalized to TW 22.0mN /g
SAH for nominal Bady TSL parametars nermlizal k TW 21.9 mW /g = 16.5 % [k=2)
Ceiticalo No; 0N S00W2-56029 Mard Page 4 of 4
TRF-RF-303(03)100616 Page95 /109
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Appendix

Antenna Parameters with Head TSL
Impedance, transformed to feed point 407014 1
Return Loss .G 6 dB

Antenna Parameters with Body TSL

Impesdance, lranstarmed to fead poant 45,54 - 08

Return Lozs - gfi.4 df

General Antenna Parameters and Design

Electrical Delay (ane diiection) 1,196 nis

At ki termm s st 100W radialng powear, cnly & alight saarming of the dpola naar the feedpoint can be measwrad

Tha dipcde (s madn al standard semidgd coaxlal cabie. The cerer conductor af fha feeding ling is directly connactad to the
gecand arm of tha dipete, The antenna s theredone short-cireuited far DO-sxgnaks

ho excessive farce must be applied to the dipole arms. becaise they might band o the sodered connections near tha
teedpaint may be damageo

Additional EUT Data

Manufactured by SPEAG
— — e | |
blanufacturad on Decambear 17, 2002
Cadifigate Na; DN 2000 2-53020_Man0 Page5of &
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DASYS Validation Report for Head TSL

DatefTime: 230320010 11:39:54
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1'NH MHz: Ty pe: DMV 2; Serial: DIHNOY 2 - S5:5d029

Communication System: CW; Frequency: 1900 MHz: Duty Cycle; |11

Medium: HSL 1711 BB

Medium parameters used; = 1900 MHz: o = 145 mhofo; = 41.2; p = 1000 kg/m'
Phantom section: Flal Section

Measurement Standand: DASYS (IEEETEC/ANSTCH3. 19-2007)

BASY S Confizurarion:
s Probe: ES3DVE - SN3I205% ConvFiS 09, 5.09, 3095 Calibrated: 26062000
o Sensor-Surface: 3mim | Mechanical Surface Detection)
= Electronics: DARS SnbiH; Calibraced: 02,03.2010
s Phantism: Flal Phantem 5.0 (fronl); Type: QDO00PSOAAL Serial: (0]
o Meisurement SW; DASYS, V52 Buald |57; SEMCAD X Version 14.0 Bulld 57

Pin=230 mW /d=10mm, dist=3.0mm (ES- Probe)Zoom Scan (Tx7x7) /Cube U Measurement
arid: dx=5mm, dy=5mm. dz=5mim

Raference Value = 96,2 Vim, Power Drifl = 0,064 dB

Peak SAR {extrapolatedi = 18,3 Wiks

SAR( gi= 10 mWig: SAR(10 g) = 5.23 mW/g

Muximum value of SAR (measured ) = 12,7 mWigp

i

0dB = 12TmWig

Cortficals Moo D1H00YVE-5a029  Marin Pege & ol §

TRF-RF-303(03)100616 Page97 / 109
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Impedance Measurement Plot for Head TSL

2 Mae ZALE BUJEE O

F REF i
Certihcats Moo DN GO0 2-5a0e8 _ Maril Hage 7 of @
TRF-RF-303(03)100616 Page98 /109

Copyright © 2012, Digital EMC Co., Ltd.



Report No.: DRTFCC1203-0145 FCC ID: ZNFA275 Date of issue: Mar.23, 2012

DASYS Validation Report for Body

Dated Time: 17.03.20000 12:36:35
Teat Laboratory: SPEAG, Furich, Switserland
DUT: Dipole 1944 MH:; Type: DI%00V2; Serial: DI900Y2 - SN:5d029

Communication System: CW, Frequeney; 1900 MHz: Duty Cyele: 1:1

Mediom: MSL 17| | BH

Mediom parameters wsed: [= (900 MHz: o = LS8 mbo'm; g = 55; p= 1N kg.l'rit'?
Phantom section: Flan Section

Measurement Standerd: DASYS (IEEE/ECYANST C83 19-2007)

DASYS Cantiauration:

o Probe: ER3DWVE - SN3I05: ConvE(4.5%. 4,59 4 595 Calibrated: 26 (k. 2(0H

Sensor-Surface: Imm (Mechanical Suiface Detection )

o Electromics: TPAES Snbll; Calibeated: 02.03.2010

-

Phantam: Flat Phantom 5.0 (hacky, Type: QUONOPSOAA; Serial: 1002

Menasurement SW:DASYS, VA2 Boild 157 SEMCALLR X Versian 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)Zoom Scan (7x7x7) /Cube 0; Mcasurement
artd: da=5mim, dv=3mm, de=5mm

Reterence Value = 95,6 Vim; Power Dnft = 0,082 dB

Peak SAR [extrapolated) = 17.2 Wiks

SARCL gh= 1023 mW/p: SARIIOD g =55 mW/p

Muxiinwm valus of SAR (measured) = 13 mWig

il
1]

il

0 dB = 13mWie

Catthcate Moo D1A00VE-R0022_ Marin Fage Aol A
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Copyright © 2012, Digital EMC Co., Ltd.



Report No.: DRTFCC1203-0145 FCC ID: ZNFA275

Date of issue: Mar.23, 2012

Impedance Measurement Plot for Body TSL

Canficale Mo, D1RanoIve BA020 Narth Tage Do 9
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schwelzerischer Kallbrierdienst
Service sulsse détalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accradined by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accraditation Service is one of the signatories to the EA
Multilataral Agreamant for the recognition of calibration cenificates

cient  Digital EMC (Dymstec) Gortiticate No: D2450V2-726_Mar10
CALIBRATION CERTIFICATE

Object D2450V2 - SN: 726

Calibration procedure(s) QA CAL-O5vT
Calibration procedure for dipole validation kits

Calibration date: March 18, 2010

This calibration certificate documdants tha tracaability 1o national standands. which realize the physical unils of maasuremants (51)
The maasuramants and the uncanaintes with confidanca probability ar givan on the folicwing pages and ane par of the cartificate

Al cabibrations have Dien conducled in the closed baralony fadlity: amsronment temperature (22 £ 3)°C and humidity < 70%

Calibration Equipment used (MATE critical for calibraon)

Primary Slandards L Gt Dot (Certificatn Mo ) Schodulod Calibration

Power meter EPM-$424 | GB3T4B0704 06-0ct-09 (No. 217-01088) Oct-10

Power sansor HP 84814 © | U537292783 06-Oct-09 (No. 217-01086) Oct-10

Reference 20 dB Attenuator | SN: 5086 (209} 3-Mar-09 (No. 217-01025) Mar-10

Type-N mismatch combiration | BN 504T.2 | DB3ZT 31-Mar-09 (Mo, 217-01029) Mar-10

Refarence Probe ESI0V3 SN 3205 26-Jun-03 (No. ES3-2203_JunDf) Jun-10

DAE4 | sn: 801 02-Mar-10 (No. DAE4-601_Mar10) Mar-11

Secondary Standards |ID# Check Date (in house) Scheduled Check

P sansnd HP B4E1A | MYz T 18-0et-02 (in house check Oct-08) In housa check: Oct-11

RF gensralor RES SMT-06 ' 100005 A-fuag-B8 (in house check Oct-08) In house check: Ool-11

Mataork Analyzes HP BTA3E USITI00585 54206 18-0et-01 (in house check Oct-08) In house check: Oct-10

Nama Function Signature
Calibratad by: Jaton Kastrabi Laboratary Technician [ / //
Approved by Katja Pokovic Technical Manager { =
¥ r;:.'-':'.'f = _,:- f{’j{ —

Iasued: March 22, 2010

This calibration ertificate shall nol be produced excepl in full withoul willen approval of The laboratory,

Carnificate No: D24500V2-T26 Maril Page 1ol 9
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughaussirasse 43, BO04 Zurich, Switzerland

5 Schweizerischoer Halibriardions)

c Service suisse d'élalonnags
Sarvizio avizzero di taralura

s Swiss Callbration Service

Accradited by e Swiss Accreditation Servica (SAS) Accradiwation Ne.: SCS 108
Thie Swiss Accreditation Service is one of the aignalores (o the EA
Multiiasteral Agresment for the recognition of calibration cerificales

Glossary;

TSL tissue simulating liquid

CanvF 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 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62208-1, "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) Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:
= Measurement Conditions: Further details are available from the Validation Report at the end
of the cerificate. 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.

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

» FElectrical 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 resull.

Certificate No: D2450V2.726_Mar10 Page 2 of 9
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Measurement Conditions

DASY systern configuration. as far as nol given on page 1

DASY Version DASYS E 2
‘Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.8 ]
Distance Dipole Cantar - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequancy 2450 MHz = 1 MHz

Head TSL parameters
The following paramatars and calculations ware appliad,
Temperatura Permittivity Conductivity
Nominal Head TSL parameters N 220°C 9.2 1.80 mho/m
Measured Head TSL parameters (22.0+0.2)°C W42E6% 1.80 mha/m £ 6 %
Head T_EL temparature during test (220 :0.2)"C s ais
SAR result with Head TSL

SAR averaged over 1 cm’ (1 g) of Head T5L Condition

SAR measured 250 m\W input power 13.0mW /g

S5AR n-cmnalimd nomalized to 1W S820mWig

SAR for nominal Head TSL paramelers nommalized to 1W 523 mWig £17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition

SAR measured 250 mW input powar 613mW /g

SAR normalized nnrmallzed-tu w 2a56mWig

SAR for nominal Head TSL parameters normalized to TW 24.6 mW /g £ 16.5 % (k=2)

Cortificate No. D2450VE-T26_Mar1(
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Body TSL parameters

The following parameters and calculations were applied.

Temparatura Permittivity Conductivity
MHominal Body TSL paramatars 20°C 52.7 1.95 mhaim
Measured Body TSL paramelers (22.0+02)°C 544+6% 2.00 mho/m + 6 %
Body TSL temperature during test (214 x0.2)°C siis —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Caondition
SAR maasurad 250 mW inpul power 128mWig
SAR normalized normalized to 1W lEmWIig
SAR for nominal Body TSL paramaters normalized to 1W S51.3mW /g £17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body T5L condition
SAR maasurad 260 mW inpul power B.00mW /g
5AR normalized normalized to 1W 240mWig
SAR for nominal Body TSL paramalers narmalized to 1W 24.0 mW [ g £ 16.5 % (k=2)
Canificale No. D2450V2-726_Mar10 Pagad ol 0
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Appendix

Antenna Parameters with Head TSL

Impedance, transformed fo feed point S3TN+280
Retum Loss -27.0dB

Antenna Parameters with Body TSL

Impadance, transfarmed to fead point 49811 +4.2 0
Return Loss -27 5dB

General Antenna Parameters and Design

[ Electrical Delay (one direction) —I 1.160 n=

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

The dipole is made of standard semirigid coasial cable, The cenler conduclor of the feeding line is direcily connected o the
second arm of the dipole, The antenna is therefore shorl-circulled lor DC-signals.

Mo excessive force must be applied 10 the dipole arms, because they might bend or the soldered conneclions near the
feedpoint may be damaged

Additional EUT Data
Manutactured by _ SPEAG
Manufactured on January 09, EEEIJ
Certificate No: D2450V2-T26_Mar10 Paga 50f8
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DASYS Validation Report for Head TSL

Date Time: 18,03.2010 10:06:22
l'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2: Serial: D2450V2 - SN:726

Communication System: CW: Frequency: 2450 MHz: Duty Cvele: 1:1

Medium: HSL U111 BB

Medium parameters used: = 2450 MHz: a = 1.8 mho/m; & = 40.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS Conliguration:
¢ Probe ES3DV3I - SNI205; CopnvF(4,53, 4,53, 4.53); Calibrated: 26,06 20400
e Sensor-Surface: Imm (Mechanical Surface Detection )
&  Flectronics: DAEA Snbil]; Calibrated: 02,03, 2010
&  Phantom: Flar Phantom 5.0 (fronty, Type: QDRODOPS0AA; Serdal: 1001

s Measurement SW: DASYS, V5.2 Build 157: SEMCAD X Version 14.0 Build 57

Pin=250 mW /d=10mm, dist=3.0mm { ES-Probe)/Zoom Sean (7x7x7)/Cube (: Measurement
grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.8 V/m: Power Drift = 0,099 di3

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 13 mW/g: SAR(10 g) = 6.13 mW/g

Maximum value of SAR (measured) = 16.8 mW/g

25
0dB = 16.8mWig
Certificate No: D2450V2-728_Mar10 PageGof 2
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Impedance Measurement Plot for Head TSL

18 Har 2043 10000217
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DASYS5 Validation Report for Body

[ote Time: 18032000 12:27:106
l'est Laborntory: SPEAG. Zurich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:726

Communication System: CW: Frequeney: 2450 MHz; Duty Cyele: 1:1

Medium: MSL U1 BB

Medium parameters used: = 2450 MHz o = 2.01 mho/m; & = 54.5; p = 1000 kg/m’
Phontom section: Flat Section

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

DASYS Configuration:
Probe: ESIDVI - SNI205; ConvF(4,31, 4.31, 4,311 Calibrated: 26.06. 2000
¢ Sensor-Surface: Jmm (Mechanicnl Surface Detection)
¢  Electromcs: DAEA Snbtl; Calibruted; 02,03, 2010
¢ Phantom: Flal Phontom 5.0 (hack k. Tvpe: QRUOOPS0AA: Serinl: 1002

& Measurement SW: DASYS, V52 Build 157 SEMCAD X Version 14.0 Build 57

Pin250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=5mm., dy=5mm, dz=5Smm

Reference Value = 93.9 V/im; Power Drift = 0,073 dB

Peak SAR (extrapolated) = 26.6 Wikg

SAR(1 g) = 12,9 mW/g; SAR(10 g) = 6 mW/g

Maximum value of SAR (measured) = 169 mW/g

df
o

-15
-20
-25
008 = 16.9mWig
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Impedance Measurement Plot for Body TSL
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