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Schinid & Pariner N T
Engineering AG

Zeughsussirasse 42, 8004 Zurich, Switzeriand ??r;f‘}—{‘\\“;w"
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Sehwelrerischer Katibrisrdienst
Servieo suigse d'étalonnage
Servizio svizzers di taratura
Swiss Calibration Seevice

Accredited by the Swiss Accraditation Service {BAS)
The Swiss Accreditatien Service s ane of the sianatories to the EA
MuHitateral Agresment for the recognition of calibration certificates

Ctisnt

Object

salibration procedurs (i)

Caidibration date: E&saptember 2 2“'

This calibration certificate docaments the traceshility to national standards, which realize tha physteat units of measurements {21
The measurements and (hs tncentaintios with confidence probablity are given on the following pages and are part of the certificate.

All calibrations have been conductad in the closed aboratory facility: envirenment temparature (F2 £ 31°C and midity = 70%.

Calibration Squipment used (METE sritical for calitratian)

Frimary Standards ki Cal Date {Cerlficate No.) Schaduled Calibration

Fowar mater EPM-442A GEI7480704 05-03G-11 (Mo, 217-01451) Qel-12

Fower senisor HP 34514 LIS37282783 03-Cct-11 (Ney, 217-01451) Ol 2

Referenca 20 4R Attenuator SN B0OBB (20K) B7-Mar-12 (Ne. 217-01830) Apr-15

Type-N mismatch combingtion 8N 8047.2 7 DB387 2f-Mara2 (Mo, 217-01533) Apr-13

Metergnce Probe ES3DVE 8N 3205 30-Dmc-11 (N, G53-3205, Dectl) Dag-12

DAE4 2N 81 R7-Jun-12 (No. DAE4-601_Juni2) Jun-i3

Secondary Standards g Lheck Date (in fouse) . Behadulad C hesk

Fower sansor HF B481A MY41092817 18-0ct-02 (in hauge eheck Oct-11) in house check: Oot-13

Ml gengrator BRS SMT-06 100005 d-Aug-99 (in housa check Oot-11) tr house check; Qat-13

Metwork Analyzer HP G753E LES730048% 84208 18-001-01 {0 house check Cor-11) I hiotige choack: Oct-18
Narne Function - Signature

Caiibratad fy:

Approved by

igsus: Seplamber 12, 2012

Ceartfficate No: [DB35VZ-467_Sepi? Fage 1 of 8



Calibration Laboratory of
Schmid & Partner
Engineeting AG

Zeughsusstrasse 43, B004 Zurlch, Switzerland

Srhwelrerlscher Hatibrierdienst
Seivive suisze d'Stalonnage
Bervisto gvizzerc df tarstura
Swiss Catibration Serviee

T
v f/—-\“\\b_?
”:"-fnhl\“\\

Accracited by the Swiss Accreditation Service (SAS) Acoreditation Mo, S0 108
The Bwise Accreditation Servive it une of tha signatorias to the EA
Multitaterat Agreement bar the recognitton of calibration cerificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According o the Following Standards:

a) {EEE Sid 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Muman Head from Wirsless
Communications Devices: Measurement Technigues”, Dacember 2003

b} IEC B2209-1, "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)",
Fabruary 2005

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Bvaluating 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 85

Additionat Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

«  Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the freguency indicated.

e Antenna Pararneters with TSL: The dipole is mounted with the spacer to positicn its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel {o the body axis,

o Feod Point impedance and Returm 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 Beturm Loss ensures low
reflacted power, No uncertainty required.

» Electiical Delay: One-way delay between the SMA connecior and the antenna feed point.
No uncertainty required.

SAH measured: SAR measured at the stated antenna Input power.

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

connector.

«  SAFM for nominal TSL paramefers: The measured TSL parameters are used io calculate the
nominal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurament
muttiphied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probabiity of approximately 95%.

Cartificats No: DB3EV2-4687 _Sepls Page 2 of B



Measurement Conditions

DASY system configuration, as far as not giver on pang 1,

V52.8.2

DIASY Version DABYS
Extrapolation Advanced Extrapotation
Phantom Maodular Flat Phantom

Distance Dipole Center - TSE

15 mm

with Spacer

Zoom Scan Resolution

o, dy, dz = § mm

Fraguenoy

835 MHz x 1 Mz

Head TSI parameters

The following parameters and cajculations were applied,

Temperature Permittivity Conductivity
Nominas Head TEL parameters 22.0°C 41,5 .50 mho/m
Measured Head TSL parameters {220+ 02)"C 41.0 2 6 % 0.20 mibo/m = 6 %
Head TEL temperature change during test < (L5 0
SAR result with Head TSL
SAR averagad over 1 cm® (1 g) of Head TSL {Zondition

SAR measured

250 mW input power

240 mW /g

SAR for nominal Read TSL parameters

normatized fo 1W

8.57 MW /gy = 17.0 % (j2)

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

corsdition

BAH measurad

250 mW input power

1.67 mW / g

SAR for nominal Head TSL parameters

normalized to 1W

6.2¢ mW /g £ 16.5 % (k=l)

Body TSL parameters

The following pararmeters and calculations were appiied.

Temperature Permittivity Condustivity
Nominal Body TSL parameters 22.0°C 65.2 0.97 mho/m
Moagured Body 781 paramelers (2RO £ 0.2)°C B33 %6 % 1.00 mho/m + § %
Body TSL temperature changs during test « 0.8 “C - -
SAR result with Body TSL
SAR averaged over § cm® {1 g) of Body TSI Congdition

SAR measured

250 mW input power

247 mW /g

SAR for nominal Body TSL parameters

normalized to 1W

D58 mW /g w170 % (=)

SAR averaged over 10 om® {10 g} of Body TSL

condition

SAR maasuared

250 mW input power

162 mW /g

SAM for nominat Body TS, parameters

narmalized to 1W

B33 mW /g % 16.5 % (k=)

Ceanificate No: DA3EVE-467 _Sepid
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Appendix

Antenna Parameters with Head T8

impadance, transformad to feed point 4816 - 1.1 4

Return Loss » 33.0 dB

Antenna Parameters with Body TS

tmpedanae, transformed to fead point 4.4 L+ 0.5 51

Meturn Logs ~ 245 dB

General Antenna Parameters and Design

Erectrieal Dalay (one direction) 1.365 ns

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

The dipols is made of standard sermirigid coaxial cable. The centor conductar of the foeding ine is directly connected to the
gacond arm of the dipole. The antenna is theretore short-circuited for DC-signals. On some of the dipoles, small end caps
are adoad to the dipele arms in order to improve matching when loaded according to the position as explained in the
“Measuremaent Gonditions" paragraph. The SAR data are not affectad by this change. The overall dipole fength is stil
according to the Standard.

No axcessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufacivred on August 27, 2002

Cettificate No: DB3SV2-457 _Sepi2 Page 4 of 8




DAZYE Validation Report for Head TSL

Date: 12.09.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 838 Mz Type: DEISV2; Serial: DE3SVI . SN: 467

Comsmunication System: CW; Frequency: 835 MHz

Medium parameters vsed: {= 835 MHz 0 = 0.9 mhofm; & = 415 p = 1000 l«:,g/m""ﬂ
Phantom seetton: Flat Section

Measurernent Standard: DASYS (THEENECYANSI C63.1 0.2007)

DDASYS2 Configuration:
»  Probe: ES3DV3 - SN3205; ConvE6.07, 6.07. 6.07), Calibrated; 30.12.201 1
»  Sensor-Surface: 3mm (Mechanical Suface Detection)
« Hlectropics: DAE4 Sp601: Calibrated: 27.06.2012
o Phantom: Flat Phantom 4.9L; Type: QDODOPASAA; Serial: 1001
o DASYS2 52.8.2{969); SEMCAD X 14.6.6(6824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm 2/Zoom Scan {(TsTxTHCube :
Measurement grid: dx=53mm, dy=3mm. dz=5mm

Reference Value = 87,500 Vim; Power Drift = 0.02 di

Peak SAR (extrapolated) = 3.552 mW/ i

SAR(L g) = 2.4 mW/g; SAR(I0 g) = L.57 mW/g

Maximum value of SAR (measured) = 2.80 Wike

0 dB = 2.80 W/kg = 8.94 dB W/kg

Contificate No: [M835V2-467  Sepis Faga 5 of B



impedance Measurement Plot for Head TSL
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DASYS Yalidation Report for Body TSL
Prate: 12.09,2012
Yest Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipele 835 MHz; Type: DS35V2; Serial: D835V - SN: 467
Communcation System: OW; Frequency: 835 MHz )
Medium parameters used: =835 MHz: o = | mho/m; g, = 53.3; p = 1000 kg/m”

Phantom section: Flal Section
Measurement Standard; DASYS (IBEEARC/ANST C63. FO-2007)

DASYS2 Configuration:
o Probe: BS3DVE - SN3205; ConvE(6.02, 6.02, 6.02); Calibrated: 30.12.201 1
s sensor-Surface: Jmm (Mechanical Surface Detection)
«  klectropics: DAFE4 Sn601:; Calibrated: 27.06.2012
«  Phantom: Flat Phantom 4.981; Type: ODO0OP4CAA: Serial: 1001
»  DASYS2 52.8.2(969); SEMCAD X 14.6.6(6824)

Dipode Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (T8TxTHCube G:
Measurement grid: de=5mm, dy=53mm, dz=5mim

Poak SAR (extrapolated) = 3.600 mW/g
BAR(L g} = 2.47 ;s W/g; SAR(ID g) = 1.62 mWi/g
Maximum value of SAR (measured) = 2,87 Wikg

0 dB = 2.87 W/kg = 9.16 dB Wikg

Cerlificate No: DE3SV2-467_Seplz Page 7of 8



impedance Measurement Plot for Body TSL
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Calibration Laboratory of SN
Schmid & Pariner -

)

\\\:\'\‘“l”,,'?l‘z ) . .
., & Sohweizerischer Kalibrlerdienst

c Service suisse & Ealonnage

Engin@@ring AG - A Servizio svizzers dl traturs
Zeughsussirasse 43, 8004 Zurich, Switzerland {m;;ﬂ’,ﬂx“\\;:\"' S swiss Calibration Service
Hotdin

Accredited by the Swiss Accreditation Bervics (SAS}
The Swiss Ascreditation Service Is one of the slgnatories to the £A
Multhiatersl Agraament for the recognition of calibration certificates

Accreditation No.: 505 108

Objact

Caffration procedura(s)

Caltbration date:

This calibration cerificate decuments the traceability to national standards, which realize the physicat units of measurements (Sth.
The measurements and the uncedainties with confidance probabllity are givan on the following pages and are part of tho cerificata.

Al calibrations have been conducted in the closed laboratary facility: environment temperature (22 + 3)°C and humiglity = 70%,

Calipration Equipment used {(MATE critical for calibration)

Catltratad by:

Appraved by

Name

Function

This calibration cerlificate shall not be repreduced except in ol withaut written approval of the laboratory,

Frimary Standards I3 # Cal Date (Certificate Ma)) Scheduted Caltbrati
Fower meter EPM-4424 GRE7480704 0&-0ct-10 (No. 217-01266) Q-1

Powear sensor HIP? 84814 UE37R0ETE3 06-0ct-10 (No, 217-01266) Ot 11

Retfarenne 20 dB Attenuator SN 88086 (200) 28-Mar11 (No. 217-01 367} Apr-12

Type-N mismatch combination SM; 5047.2 7 0B327 28-Mar-11 (No. 217-01371) Apr1g

Refarence Probe ES30VA SN, 3205 29-Apr-11 (No, ES3-3206_Aprit) Apra12

DALA G B0 O4-Jul-11 (No. DAE4-6801__Jui1 1) Jub-12

Saecondary Standards D4 ‘ Ghecic Date (in housel Geheduled Check
Powat gensor HP 3481A MYA1092317 18-0¢t-02 {in house check Ont-08) In housa check: Oot-11
RF genarator B&S SMT-06 100005 {4-Aug-H9 (In house check Det-08) tn house check: Cot11
MNetwork Anatyzer HI* 8753k UE57390585 54208 18-0ct-01 {in housa check Oct10) In housa cheok; Oot-11

fasued; September 16, 2011

Gertificate No [Ha00V2-220_Saptd
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Calibration Laboratory of SN

s 4
AN

Soehwelzerischer Kalibrierdienst
Sarvice suisse déalonnage

Schmid & Partner

Engineering AG e b Servizio svizzaro dl taraturs
Zeughausstragse 43, BO04 Zurteh, Switzerland £ ,,a"ff—?;\:f Swigs Callbration Service
U
Aceradited by the Swiss Accreditation Sarvice (SAS) Accreditation Ne.: S0S% 108

The Swiss Avcreditation Servies Is one of the signatories 1o the A
Muiltilateral Agreement for the recognition of caltbration certificates

Giossary:

TSL tissue simulating liquid

Convk sensitivity in TSL./ NORM x,v,z
N/A not applicable or not measured

Calibration is Performed According to the Foilowing 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 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 {o 3 GHMz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electrornagnetic 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 Bulietin 65

Additional Documentation:
dy DASY4/5 Systern Handbook

Methods Applied and Interpretation of Parameters;

»  Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

o Antenna Parameters with TSL: The dipole 1s mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

v Feed Point Impedance and Return L.oss: These parameters are measured with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
meaasurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty reguired.

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

e 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,

Certificate No: D1800V2-220_Sepit Fage 2 of B




Measurement Conditions

DASY system configuration, as far as not givert on page 1.

DASY Verslan DABYS VHZ.6.2
Extrapolation Advanced Extrapolation
Phantom Madular Flal Phantom

Distance Dipole Center - TSL.

10 mm

Zoom Scan Resolution

dx, dy, dz = 5 mm

with Spacar

Frequeancy

1800 MHz = 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature

Parmittivity Conductivity
Nominal Head TEL parameters 22.0%C 40.0 1.40 mho/m
Measured Head TSL parameters R20x0.2)" 307 26% 1.37 mho/m + § %
Head TSL temperature change during test = 0.5 °C
SAR result with Head TSL
SAR averaged aver 1 em® {1 g) of Head TSL Condition |
SAR measurad 250 mW input power D4t mW /g

SAR for nominal Head TSL paramelers

normalized to 1W

38.1 mW /g = 17.0 % (k=2)

candition

SAR measured

250 mW input power

------

497 mW /g

S5ARA for nominai Mead TSL parameters

normalized to 1W

20,0 MW /g = 16.5 % (k=2)

Body TSL parameters
The following parameters and caicuiations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mhe/m
Measured Body TSL parameters (22.0+0.2)°C 54.34:6% 1.52 mho/m =6 %
Body TSL temperature change during test < 0.6 %0 .
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition -
SAR maeasured 250 mW input power 8.86 mW / ¢

SAR for nominal Body TSL parameters

normalized o AW

39.6 MW / g £ 17.0 % (k=2)

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

condition

SAR measured

250 mW input power

B.25mW /g

SAR for nominal Body TSL pararneters

normalized ta 1W

Cettificate No: D1800V2-220, Sept1

21.0 mW / g £ 16.5 % (k=2)

Page 3of 8



Appendix

Antenna Parameters with Head TSL

tmpedance, transformed to feed point A8.4 L2 -~ 3.8 10

Reaturn Loss P AT6dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 43,7 €2 - 3.9

Return Loss -22.0dB

General Antenna Parameters and Design

Electrical Detay (one ditection) 1.243 ns I

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

The dipole is made of standarg semirigid coaxial cable. The center conductor of the feeding line is directly cornected to the
sacond arm of the dipola. The antenna is therefore short-circuited for DC-signala.

No excessive force must be applied to the dipote arms, because they might bend or the solderad connections near the
feedpoint may be damaged.

Additional EUT Data

Manufacturad by SPEAG

Manufactured on December 01, 1997

Certiticale No: D1800V2-220, Sepit Paga 4 of &



DABYS Validation Report for Head TSL
Date: 15092011

Test Laboratory: SPEAG, Zurich, Swizerfand
DUT: Dipole 1800 MHz; Type: DIS00V2; Serial: D1SOOVD - SN2 220
Communication System: CW; Frequency: 1800 MHz
Medium parameters used: f= 1800 MHz; o = 1.37 mho/m; £, = 39.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANST C63,19-2007)
PASYS Configuration:

= Probe: BESIDV3 - SN3205; ConvB{5.07, 5.07, 5.07); Calibrated: 29.04,2011

«  Sensor-Surface: 3mm (Mechanical Surface Detection)

¢ Electronics: DAL4 Sn601; Calibrated: 04.07.2011

«  Phantom: Flat Pbhantom 5.0 (front); Type: QDOOOPSOAA; Seral: 1001

e DASYS52 52.6.2(481) SEMCAD X 14.4.5(3634)

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

Reference Value = 986.392 V/m: Power Drift = 0.04 dB

Pealk SAR (extrapolated) = 16.667 W/ikg

SAR( g) = 941 mW/g; SAR(10 g) = 4,97 mW/g

Magimum value of SAR (measured) = .'1 L7147 mW/ig

-t

QLRI

BB

0 dB = 11.750mW/g

Cerificate No: D1300V2-220_ Sepl Page 5of8



impedance Measurement Plot for Head TSL
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DASYS Validation Beport for Body TSL

Dxate: 14.09 201 1
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipote 1800 MHz; Type: D180OVE; Seriak: DISOOVE - SN: 220

Communication System: CW; Frequency: 1800 MHz ,
Medium parameters vsed: = 1800 MHz, o = 1.52 mho/m; & = 54.3; p = 1000 }(.g,‘j:/rnf's
Phantom section: Flat Section

Measurernent Standard: DASYS (IEEEAEC/ANSI C63,19-2007)

DYASYS2 Configuration:
o Prohe: ER3DV3E - SN3205; Convi(4.74, 4.74, 4,74y, Cahbrated: 29.04.2011
e Sensor-Surface: 3mem (Mechanical Surface Detection)
» FElectronics: DALES Sn6i: Calibrated: 04,07 2011
¢ Phantom: Flat Phantom 5.4 (back); Type: QDOOOPS0AA,; Serial: 1002
e DASYS52 52.6.2(482), SEMCAD X 14.4.5(3634)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=53mm, dy=5mm, dz=5mm

Reference Value = 94.304 Vim: Power Drift = -0.0093 dB

Peak SAR (extrapolated) = 17.197 Wikg

SAR( g) = 9.86 mW/g: SAR(10 g) = 3.25 mW/g

Maximum value of SAR (measured) = 12.442 mW/g

0dB = 12.440mW/p

Cerlificate No: D1800V2-220 Zepiid Page ¥ of 8




Impedance Measurement Plot for Body TSL
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Calibration Laboratory of S,
Schimid & Partner e
Engineering AG

Zeughausatrasse 43, 8004 Zurich, Switzariand

Sehwelrerischer Katibrierdienst
Gervice suisse d'stalonnsge
Servizio svizzers ab taratura
Swizs Cglibration Service

Accredited by (he Swigs Acoreditation Service (HAS)
The Swiss Acoreditation Sorvice iz one of the signeiories to the EA
Multifaterat Agreement for the recognifion of callbration certificales

Client

Cirject

Catibration progedure(s)

Calibration date;

This calibration cestificate documents the raceability to national standards, which realize the physieal units of measurements {(31).
The measurements and the uncerfainties with confidence probability are given o ths following pages and arg pan of the carlificate.

All calibrations have beean conduciad in the clogsed laboratory facility: environment tamparature (22 = 3)°C and humnidily « 70%.

Calibration Eguinmeant uged (METE critical for eafibration)

Primary Standards 10 # Cat Date {Coriticate No.) Soheduled Calibration

Fower meter EPM-A4424 GRIATABOT0 OB-Cof-41 (Mo, 217.0%451) Oct-12

Powar aensor HP B4814 [IERE gt s eyt 05t 11 (Mo, 217-01451) Oct-12

Rafarence 20 dB Attenuator BIN: 5058 (20k) A7-Mar-12 (No, 217-015303 Apr13

Type-N mismatch combination SN BO4T.R /08337 27-Mar12 (No. 217-01533) Apri

Raferanoe Probe ES3NVE SN 3205 30-Dec-11 {Mo. ESB3-3205 _Dect1) Dac-1#

A4 S 61 A7-Jun-12 (No, DAE4-E01_duni?) Jur-13

Becondary Btandards 10 & Check Date {in house) Boheduted Oheck

Fower sensos HE 8481 A MYA41002317 18002 (in house check Oct-11) In house check: Ocl-13

HF genetator RES SMT-06 100005 04-Aug-23 (in houss chack Oct-11) In hense check: Qot-13

Network Analyzer HPP 8753E LEA7300B85 84208 18-001-01 i house chack Qot11) In house check: Oct12
Nameg Function Signature

Calibrated by

Approvad Dy

Issued: Septembar 14, 2012

This calibration cenificate shafl not be reproduced axcept in full wiihoul written appreval of e lakeratory,

Cedificate No: D180GVE-5J016_Sept2 Page 1 of 8



Calibration Laboratory of wt‘flf:f;,’;j%,
it

L Sehwelrerischer Kalibrierdionst
Schmid & Parther o Sarvice suisse o Salonnage
Engineering AG s

Zeughausstiasae 43, 8004 Zutich, Switzeriand

Servizio avizzero di taraiuwra
Swiss Calibration Servies

Accreditad by the Swiss Acureditation Service {SA) Acoreditation No.: SCS 108
The Bwise Accreditation Sevvice is ong of the sipnatories to the BA
Multitateral Agreement for the recognition of calibration cevifficates

Giossary:

T8L fissue simulating liquid

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

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (8AR) in the Muman Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b} {EC 622081, "Procedure to measure the Specific Absorption Hate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
Eebruary 2005

¢} Faderal Communications Commission Office of Engineering & Techriology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure 1o Radiofrequency
Electromagnetic Fields; Additional information for Evaluating Compliance of Mabile and
Fortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bullelin 65

Additional Documentation;
dy DASY4/5 System Handbook

Methods Applied and Interpretation of Paramelers:

s  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 Pararmeters with TSL: The dipcle is mounted with the spacer 10 position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paralle! to the body axis.

s Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the fiquid filled phantom. The impedance staled is transiormed from the
measurement at the SMA connector to the faed point. The Return Loss ensures low
reflected power. No unceriainty required.

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

SAR measured: SAR measurad 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 fo calculate the
naminal SAR resuit,

The reported unceriainty of measurement is stated as the standard unceriainty of measurameant
multiplied by the coverage factor k=2, which for a normal distribution corresponds o a coverage
probability of approximately 85%.
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Measuremeni Conditions

DASY system cenfiguration, as far ag net given on page 1.

DIARY Version

DABYS

VE2.8.2

Extrapolation

Advanced Extrapolation

Phanions

Mothilar Flat Phantom

Bistance Dipole Center - TSL

10 rm

with Spager

Zoom Scan Resolution

dx, dy, dz = & mm

Freguency

1800 MHz £ 1 MMz

Mead TSL parameters

The following parameters and calculations wers appied.

Tempeorature Parmitiivity Conductivity
Nominat Head T5L parameters 22.0C 40.0 1.40 mho/m
Measured Head TS5, parameters (22.0+0.2) 0 40628 % 1.87 mho/m £ 6 %
Head TSL temperature changs tduring test < (150
SAR resuit with Head TSL
SAR averaged over t om® (1 g) of Head TSL Condition
SAR measued 250 mW input power 978 mW /g

SAR for nominal Head TSL parametars

normatized 1o 1W

30,8 mW /g = 17.0 % (k=2)

GAK averaged over 10 ony’® (10 g) of Head TSL

condition

SAF measured

250 mW Inma power

519 mW /g

SAR for nominal Heag TSL parametaers

narmalized to 1W

2.0 mW /g = 16,8 % (k=2)

Body TSL parameters
The following parameters and calculations ware applied.
Tamperaturs Parmittivity Conductivity
Mominal Body TSL parameters r2.0°C 53.3 1.52 rmhofm
Maasured Body TBL parametars (22.0+0.2)°C 525 +06% 1.584 mho/m + 6 %
i Body TSL temperatura change during fest = (.5 °C - -
SAR result with Body TSL
" "1
SAR averaged over 1 om® {1 g} of Body TEL Condition
SAR measurad 260 mW Input power 10.4 mW / g

SAR for nominal Body TSL paramstars

normalized to W

2190 mW /g« 17.0 % {(k=2)

SAR averaged over 10 om® (10 g} of Body TSI,

coneition

SAR meagsurad

250 mW input power

548 mW /g

SAR for nominal Body TSL parameters

normalized to TW
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Appendix

Antenna Parameters with Head TSL

] Irnpedance, transformad 10 feed point

472 0 + 4.5 02

L Haturn joss

« 25,2 48

Antenna Parameters with Body T5L

impedance, transtormead to feed point

468 0+ 4.7 02

Heaturn Loss -24.6dB8
General Antenna Parameters and Design
Electrical Delay {one direction)

1.186 ns

After long tarm use with 100W radiated power, only a slight warming of the dipole near the feadpoint can be meaasurad,

The dipote iz made of standard semirigid coaxiai cable. The canler conductor of the Teading line is directly connectad o the
second artn of the dipale, The antenna is therefore shart-cirquited for DC-signals. On some of the dipoles, small and caps
are added to the dipoie arms in order 1o improve matching whan toaded according 1o the position as explained in the
"wMeasurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No pxcessive force must be applied o the dipale arms, because they might bend or the soldered connections near the

feadpoint may be damaged,

Additional EUT Data

Manufaciured by

SPEAG

Manufaciured on

June 04, 2002
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DASYS Vatidation Report for Head TSL

Date: 14.02.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DT Dipote 1900 MHz; Type: DIS00VE; Seviak: DIUBOVI - 8N: 54016

Communication System: CW; Frequency: 1900 Milz
Mediam parameters used: = 1900 MHz; o = 137 mho/m; £, = 40.0; p = 1000 lw/m
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAREC/ANST C63.19-2007)
DASYS2 Configuration:
s Probe: ES3DV3 - SN3205; ConvF(5.01, 5.01, 5.01); Calibrated: 30.12.2011
e Sensor-Surface: 3mm (Mechanical Surface Detection)
« Electronics: DABS Sne01; Calibrated: 27.00.2012
v Phantom: Flat Phantom 5.0 (ront); Type: QROCOPS0AA; Serial: 1001
o DASYS2 52.8.2(969); SEMCAD X 14.6.6{0824)

Dipole Calibration for Head Tissue/Pin=250 mW, d=18mm/Zoom Scan (7x7x7)/Cube §:
Measurement grid: dx=5mm, dy=5mm, dz=5mimn

Reference Value = 95,784 Vim: Power Drift = (.04 dB

Peak SAR (extrapolated) = 17.342 mW/g

SAR(Y 2) = 079 mW/g: SAK(L0 g) = 5.19 mW/g

Maximum value of SAR (measured) = 12.0 Wikg

4B

DdB = 12,0 Wike = 2155 dB W/kg
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impedance Measurement Plot for Head TSL
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DASYS Validation Beport for Body T3L
Prate: 14.09.2012
Test Laboratory: SPEAG, Zursich, Switrerland
DU Dipole 1900 Mz Type: DISO0VZ; Serial: DIYOOVE - 8N: 54010
Comsnunication System: CW, Frequency: 1900 MHz
Medium parameters used: f=1 OG0 MHz; o = 1.54 mho/my; g, = 32.5; p = 1000 kg/mg

Phantom section: Flat Section
Measurement Standard: DASYS (IEEEARC/ANSI C63.19-2007)

DASYAZ Configuration:
s Probe: ES3DVE - SNIZ203: ConvF(4.62, 4.62, 4.62); Calibrated: 30.12.2011;
s Sensor-Surface: 3mm (Mechameal Surface Detection)
»  Blectronics: DAR4 Sp601; Calibrated: 27.06.2012
= Phantom: Flat Phantom 5.0 (back): Type: QDOCOPSOAA; Serial: 1002

s DIASYS2 52.8.2(969) SEMCAD X 14.0.6(6824)

Dipole Calibration for Body Tissue/Pln=250 mW, d=108mm/Zeom Scan (Tx7xTi Cube G:
Measurement grid: dx=3mm, dy=3mm, dz=5mm

Reference Value = 95.784 Viny Power Drift = .02 dB

Peak SAR (extrapolated) = 18.122 mW/g

SAR(L g) = 10.4 mW/g; SAR(I0 g) = 5.48 mW/g

Maximum value of SAR (measured) = 13.0 Wikg

fating:

454

-16,83

0dB = 13.0 Wke = 2228 dB W/kg
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knpedance Measurement Plot for Body TSL
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